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ABSTRACT

Introduction: Cardiovascular disease (CVD) is the leading cause of global mortality and
its prevalence is increasing among black South Africans in spite of their favourable lipid
profile. Apolipoprotein E (ApoE) is a well-described risk factor for CVD and certain
polymorphisms within this gene alter the lipid profile. The author hypothesised that there
are population-specific effects within the ApoE gene that are responsible for the favourable
lipid profile observed in black South Africans whose effects are being altered by
environmental factors.

Objectives: The main aim of this study was to investigate the associations between
specific ApoE single nucleotide polymorphisms (SNPs) and the lipid profile of a black
South African population, taking into account certain environmental and phenotypic factors
in order to explore the interaction effects between these variables.

Methods: Genotyping within this cross-sectional study (n=1588), nested within the
Prospective Urban and Rural Epidemiology (PURE) study, was achieved using lllumina’s®
GoldenGate Genotyping Assay with VeraCode® technology on the BeadXpress® platform
(proprietary multiplex fluorescent hybridisation assays on a bead array substrate) or the
Bio-Rad CFX Manager® (version 2.0). The Konelab20i™ auto analyser was used for
guantitative determination of serum total cholesterol; high-density lipoprotein cholesterol
(HDL-C) and triglyceride (TG) concentrations. Low-density lipoprotein cholesterol
concentrations were estimated by the Friedewald equation.

Results: All SNPs adhered to the assumptions of the Hardy-Weinberg equilibrium, yet the
frequency of the SNPs often differed from that reported in other ethnic groups. The
well-reported rs429358 and rs7412 SNPs (as the constituent SNPs of the
haplotype-genotypes) presented with the strongest associations with various components
of the blood lipid profile in the black South African cohort under investigation. Two
gene-environment (rs405509 and rs7412) interaction effects on TG remained significant
after conducting post hoc tests. Two genotype-phenotype interaction effects between the
rs7412 SNP and body mass index and gamma-glutamyl transferase on the HDL-C
concentrations remained significant after conducting post hoc tests.

Conclusions: The variety of associations between these particular SNPs and the blood
lipid profile determined in the present cohort strongly indicates that it is integral to any
public health investigation into CVD development that these SNPs be investigated. This
study further produced greater insight into the biological mechanisms underlying serum

lipid and cholesterol concentrations in a black South African population. Therefore, from



these results it is evident that the lipid profile of black South Africans is most definitely
influenced by not only genetic variations in the ApoE gene and certain environmental
factors, but by the interaction between these factors as well. The present study is the
largest study to date to investigate the effect of polymorphisms in the ApoE gene on the
lipid profile of black South Africans.

Key words: ApoE gene, ApoE polymorphisms, BeadXpress®, black South African

population, cardiovascular disease, diet, environment, interaction effect, lipid profile



OPSOMMING

Agtergrond: Kardiovaskulére siekte (KVS) is 'n hoofoorsaak van sterftes wéreldwyd en
die voorkoms daarvan is aan die toeneem onder swart Suid-Afrikaners ten spyte van hulle
gunstige lipiedprofiel. Apolipoproteien E (ApoE) is 'n bekende risikofaktor vir KVS en daar
is al bewys dat sekere polimorfismes in hierdie geen die lipiedprofiel beinvioed Die
hipotese is dat daar bevolkingspesifieke effekte in die ApoE-gene is wat vir die gunstige
lipiedprofiel, wat waargeneem word in swart Suid-Afrikaners, verantwoordelik is.

Doelwit: Die hoofdoel van hierdie studie was om die assosiasies tussen spesifieke
ApoE-polimorfismes en die lipiedprofiel van 'n swart Suid-Afrikaanse bevolking te
ondersoek, met inagneming van sekere omgewings- en fenotipiese faktore ten einde die
interaksie-effek tussen hierdie veranderlikes te ondersoek.

Studieontwerp en -metodes: Genotipering in hierdie deursnee-studie (n = 1,588), binne
die Prospektiewe Stedelike en Landelike Epidemiologiese (PURE) studie is met behulp
van die lllumina® se GoldenGate Genotipering (gepatenteerde veelvoudige fluoresserende
hibridisering analise op 'n kraletjie opstelling substraat) deur middel van die VeraCode-
tegnologie® op die BeadXpress®-platform en die Bio Rad CFX-masjien® (weergawe 2.0)
gedoen. Die serum totale cholesterol (TC), hoédigtheid-lipoproteiencholesterol (HDL-C)
en trigliseried- (TG) konsentrasies is kwantitatief bepaal deur middel van die
Konelab20i ™-ontleder..  Laedigtheid-lipoproteiencholesterol-konsentrasies is beraam
deur middel van die Friedewald-vergelyking.

Resultate: Al die polimorfismes het voldoen aan die aannames van die
Hardy-Weinberg-ewewig, maar die verspreiding van die polimorfismes het verskil van dié
wat gerapporteer is in ander etniese groepe. Die bekende rs429358- en
rs7412-polimorfismes (wat die samestellende polimorfismes van die haplotipe-genotipes
is) het die sterkste assosiasies met verskeie komponente van die bloedlipiedprofiel in die
swart Suid-Afrikaanse groep getoon. Twee statisties betekenisvolle interaksie-effekte is
tussen sekere polimorfismes (rs405509 en rs7412) en die omgewing, op TG gerapporteer.
Verder is twee statisties betekenisvolle interaksie-effekte tussen die rs7412-polimorfisme
en sekere fenotipes [(liggaamsmassaindeks (LMI) en gamma-glutamiel transferase), op
die HDL-C konsentrasies gerapporteer.

Gevolgtrekking: Die verskeidenheid assosiasies wat tussen hierdie spesifieke
polimorfismes en die bloedlipiedprofiel in die huidige etniese groep bepaal is, dui sterk
daarop dat dit 'n integrale deel van enige openbaregesondheid-ondersoek oor KVS moet

wees. Die identifisering van sleuteldeterminante van plasmalipoproteienkonsentrasies



(verstedeliking, alkoholgebruik, sekere dieetfaktore en LMI) het verder tot die bestaande
literatuur bygedra en ook 'n mate van insig in die biologiese meganismes wat onderliggend
Is aan die die serumlipiedkonsentrasies in 'n swart Suid-Afrikaanse bevolking gegee. Uit
hierdie resultate is dit duidelik dat die lipiedprofiel van swart Suid-Afrikaners beslis nie net
deur die genetiese variasies in die ApoE-geen beinvioed word nie, maar ook deur sekere
omgewingsfaktore, sowel as deur die wisselwerking tussen hierdie faktore. Dit blyk dat die
huidige studie tot op hede die mees omvangryke studie is wat die effek van polimorfismes
(in die ApoE-geen) op die lipiedprofiel van swart Suid-Afrikaners ondersoek het.

Sleutelwoorde: ApoE-geen, ApoE-polimorfismes, BeadXpress®, swart Suid-Afrikaanse

bevolking, kardiovaskulére siekte, dieet, omgewing, interaksie-effek, lipiedprofiel
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CHAPTER ONE

Introduction

This dissertation investigates specific factors that have been reported to contribute to
cardiovascular disease (CVD) risk development. The introductory chapter defines the
research problem this work aims to address and states the hypothesis. In addition, to
enhance clarity, certain operational definitions for terms used in this work will be discussed

in this chapter.

11 BACKGROUND AND MOTIVATION

The World Health Organisation (WHO) anticipates that CVD will soon be the leading cause
of death globally, to such an extent that by 2030 it is predicted that almost 23.6 million
people will die of these disorders. CVD can be defined as a set of disorders that affect the
proper functioning of blood vessels as well as the heart (WHO, 2011). In the past,
cardiology [referring to the study of the anatomy, normal functions and disorders of the
heart (Harris et al., 2006)] focussed research initiatives on the myocardium (cells forming
the bulk of the heart wall). However, it seems as if the myocardium plays only a small role
and that the real problem pertains to the blood vessels (Libby, 2003). Moreover, it is
important to distinguish between CVD and coronary heart disease (CHD), as these two
terms are often used interchangeably. The latter, also known as coronary artery disease,
(but referred to as CHD in the present dissertation for consistency) is an abnormal
condition that may affect the arteries of the heart and produce various pathological effects
i.e. reducing the oxygen and nutrient flow to the myocardium (Harris etal., 2006).
However, CVD encompasses CHD and other disorders including ischaemic heart disease

(IHD) and cerebrovascular disease (CBVD) among others.

It is important to be aware of the key drivers of this disease. Overweight and obesity, high
blood pressure and cholesterol are all nutrition-related cardiovascular risk factors that are
among the leading causes of CVD mortality and morbidity in the world (Ezatti et al., 2005;
Yusuf et al., 2001a; Reddy & Yussuf, 1998). Most of the increased incidence of CVD can
be attributed to increased exposure to the various risk factors, mainly lifestyle changes, i.e.
dietary changes, increases in body weight, a decrease in physical activity and increasing

tobacco use and alcohol consumption (Beaglehole, 2001; Walker & Sareli, 1997). In
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addition, when the life expectancy of an individual increases, the period of exposure to
CVD risk factors will also increase; therefore, the increase in global longevity could result
in a higher prevalence of CVD (Mayosi et al., 2009; Reddy & Yussuf, 1998).

It has been reported that urbanisation is increasing dramatically in developing countries
together with an increase in adverse lifestyle behaviours that increase the incidence of
obesity and diet-related non-communicable diseases (NCDs) (Popkin, 2006; Yach et al.,
2004; Shetty, 2002; Beaglehole, 2001). Furthermore, it has been reported that more than
80% of global CVD deaths (affecting men and women equally) occur in low- and
middle-income countries (WHO, 2011). This emphasises the quandary that while the
incidence of CVD is decreasing in developed countries, this incidence is increasing in
developing countries (Mackay et al., 2004). For the purpose of this dissertation, South
Africa will be regarded as a developing country when compared to first world countries.
The reason for highlighting this is that if one compares South Africa to other African
countries, South Africa is regarded as a developed country. However, South Africa
contains areas that can be considered as developed and others that are regarded as
developing  (http://www.afesis.org.za/Sustainable-Settlements-Articles/beyond-the-rural-

and-urban-development-frameworks-theorising-the-relationship, 10 October 2013).

In South Africa, NCDs are estimated to account for 29% of all deaths, of which CVD
contributes as much as 11% (WHO, 2011). It has been well reported that the
socio-economic background (psychosocial factor) of many black South African populations
Is changing rapidly from rural, traditional African lifestyles to westernised diets and lifestyle
behaviours, typified by a high fat intake, a low carbohydrate and fibre intake and sedentary
behaviour (Alberts et al., 2005; Vorster, 2002; Yusuf et al., 2001b). This phenomenon is
known as the nutrition transition and its associations with chronic diseases has been
investigated and well documented in South Africa. However, the true impact of this
phenomenon is not recognised in all parts of Africa (Popkin, 2006; Vorster et al., 2005;
Vorster, 2002; Vorster et al., 1999; Steyn et al., 1991).

Various dietary factors have been associated with CVD development and its incidence at
community level, with trans fatty acid (TFA) and saturated fatty acid (SFA) intake being the
strongest dietary factors influencing CVD risk (De Backer, 2008). TFA not only increases
low-density lipoprotein cholesterol (LDL-C) concentrations, as does SFA, but decreases
high-density lipoprotein cholesterol (HDL-C) as well, making it the most adverse dietary
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factor affecting the lipid profile and ultimately CVD development (Brouwer et al., 2010;
Chardigny et al., 2008; Mozaffarian & Willet, 2009; Micha & Mozaffarian, 2008).

Other dietary factors that have also been reported to play a role in CVD development are
the fibre content of a diet, i.e. the inclusion of whole-grain products, fruit and vegetables,
the amount of refined and processed sugars and the amount of salt consumed
(De Backer, 2008). Unhealthy dietary habits are reported as primary CVD risk factors,
which result in elevated total cholesterol (TC), LDL-C and triglyceride (TG) concentrations,
as well as low HDL-C concentrations, which are reported to be secondary risk factors
(Bersamin et al., 2008).

Furthermore, it is of relevance to investigate the underlying causes and factors that
contribute to the development of CVD in different populations, as it has been well reported
that CVD risk differs between ethnic groups (Holvoet et al., 2007; Forouhi & Sattar, 2006).
Throughout this dissertation the term “ethnicity” will be used and not “nationality” or “race”
to reflect the cultural traditions, environmental exposure and common history shared by a
group of people along with certain genetic characteristics due to various reproductive
patterns (Burchard et al., 2003). Since ethnicity encompasses genetic and cultural factors,
it could influence the risk of a specific group of people in the development of CVD
(Hernandez & Blazer, 2006) and should be taken into account in studies such as the work

presented in this dissertation.

For a number of years most studies on CVD were conducted on Caucasian populations
and a limited number of studies investigated other ethnic groups (Steyn et al., 2005; Yusuf
et al., 2004). However, this gap was recognised and researchers started to conduct
multi-ethnic studies such as the Black Risk (BRISK) study, the INTERHEART (global and
Africa) studies and the Reduction of Atherothrombosis for Continued Health (REACH)
registry (Bhatt et al., 2006; Steyn et al., 2005; Steyn et al., 1991). The prevalence of CHD
among black South African populations has generally been low because of the reportedly
favourable lipid profile of this population, i.e. presenting with relatively low LDL-C and high
HDL-C concentrations (Alberts et al., 2005; Walker & Sareli, 1997). Yet, the incidence of
cardiovascular events in the black South African population has increased over the last
few years (Tibazarwa et al., 2009). This emphasises the importance of studying CVD risk
factors (i.e. lipid profile) and mechanisms contributing to this epidemic (Masemola et al.,
2007; Alberts et al., 2005).
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Cardiovascular events also occur in individuals in whom the traditional risk factors for CVD
are not present (Ridker etal., 2004; Greenland etal., 2003), thus highlighting the
relevance and importance of considering CVD as a multi-factorial disease. A
multi-factorial disease is defined as a disease that is the consequence of the interaction of
multiple pathogenic mechanisms, including various genes, acting either alone or with one
another, with or without the involvement of environmental factors (Harris et al., 2006;
Gelehrter et al., 1998). In order to understand multi-factorial diseases such as CVD, it is
necessary to analyse any clinically important interactions between major environmental or
phenotypic factors and the genetic predisposition of an individual (Casas et al., 2006). A
multi-factorial approach needs to be followed in order to understand the factors
contributing to the individual lipid profile response to dietary interventions and the
prescription of more successful and beneficial health solutions (Ordovas, 2006; Ordovas &
Mooser, 2004). An example of such an approach is nutrigenetics, a research field

investigating gene-diet interactions.

Since the major risk factors of CVD include the markers of the lipid profile, it is important to
investigate factors that influence the lipid profile using a multi-factorial approach. The
apolipoprotein E (ApoE) gene is the best-studied candidate gene in the lipid field; it is
located on human chromosome 19q13.2 and encodes a 34 kilo Dalton (kDa) glycosylated
polymorphic protein (Siest et al., 1995; Davignon et al., 1988; Lusis etal., 1986). This
gene participates in the transport and metabolism of plasma cholesterol and TG (Mahley &
Huang, 1999). Three common and frequently reported protein alleles exist (€2, €3, €4) and
each allele encodes a single isoform, respectively: ApoE-2, ApoE-3 and ApoE-4
(Frikke-Schmidt et al., 2000). These alleles are co-dominantly inherited and therefore six
ApoE haplotype-genotypes commonly arise namely, €2/€2, €2/€3, €3/e3, €3/e4, €4/e4 and
€2/e4 (Zannis et al., 1982). Even though the literature refers to these genetic variants as
the €2, €3, €4 alleles, it is important to highlight that they result from the strong linkage
disequilibrium (LD) between two common non-synonymous single nucleotide
polymorphisms (SNPs) and, therefore, should in actual fact be referred to as haplotypes,
as in the present study. However, in the present study, various other allelic variations, in
the form of SNPs in the ApoE gene, were also identified and studied. These ApoE
polymorphisms were selected based on sequence analysis of individuals from the black
South African population in order to find a possible explanation for the ethnic variations
that could predict future CVD events, owing to differences in allele frequencies among
different ethnicities (loannidis et al., 2004; Gerdes, 2003; Stengard et al., 1998).
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Little data are available on the relationship between ApoE polymorphisms and blood lipid
concentrations in the black South African population (Masemola et al., 2007). These data
are important to obtain as it is hypothesised that the genetic impact of ApoE
polymorphisms on the plasma TC variance is one of the most powerful genetic
components in the regulation of cholesterol concentrations at population level (Davignon
et al., 1988).

In the present study, which is nested within the South African arm of the Prospective
Urban and Rural Epidemiology (PURE) study, approximately 2 000 samples were
analysed at a genotypic, dietary, lifestyle and epidemiological , enabling the detection of
associations between these polymorphisms and the lipid profile. The present study has
the potential to fill a gap in the literature regarding a detailed genotype frequency
description of the ApoE gene of a black South African cohort and the elucidation of any
gene-environmental interactions that may affect the lipid profile and consequently CVD risk
of the black South African population.

From all the above-mentioned, one can infer that it is valuable to investigate the
predisposing effect of various lifestyle factors, in congruence with genetic aspects,
involved in CVD development, which is currently emerging in the black South African
population. In this way a multi-factorial disease, such as CVD, can be understood better
and it can be determined whether these interactions play a causal role in the increased

susceptibility to CVD in the black South African population.

1.2 RESEARCH AIMS AND OBJECTIVES

The aim of the larger PURE study is to investigate population-specific factors such as
genetic, environmental and lifestyle factors, including nutrition, physical activity, tobacco
use, alcohol consumption and epidemiological transition, and determining whether these
factors are associated with an increased risk of NCDs, such as CVD (Teo et al., 2009). A
visual representation giving a holistic view of the main aim of the work represented in this
dissertation is given in Figure 1.1. The main aim of the present dissertation was to
investigate the effect of reported as well as novel SNPs within the ApoE gene on the lipid
profile in black South Africans, from rural and urban areas, and to explore possible

gene-environment interactions that may occur (Figure 1.1).
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Figure 1.1 A graphic illustration of the main aim of the present study
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ApoE = apolipoprotein E; CVD = cardiovascular disease; SNPs = single nucleotide polymorphisms

The specific objectives were to:

a. determine the genotype distributions of the various reported as well as novel
alterations within the ApoE gene in a black South African population;

b. assess whether the identified polymorphisms in the ApoE gene are associated with
identified risk biomarkers (i.e. the lipid profile) of CVD, in a black South African
population;

c. explore the possible interaction effects of environmental factors (i.e. locality) with
specific ApoE genetic variations on the lipid profile of black South Africans;

d. explore possible genotype-phenotype [e.g. genotype-body mass index (BMI)]
interaction effects on the lipid profile of black South Africans, and

e. explore the possible interaction effects of specific dietary factors (i.e. dietary fat
intake and alcohol consumption) with specific ApoE polymorphisms on the lipid

profile of black South Africans.

1.3 CHAPTER OUTLINE

This dissertation is presented in chapter format. It was technically edited in the style
required by the North-West University (NWU), and has been edited by a language editor.
This introductory chapter is followed by two comprehensive exploratory literature reviews.
Chapter two is a literature review investigating the conventional risk factors of CVD and
elaborates on the contributing role of ethnicity (a black South African population) and
environmental factors (i.e. dietary habits, epidemiological transition) on the lipid profile.

The second literature review (Chapter three) is based on the molecular genetics of CVD,
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focusing specifically on the genetic variants identified in the ApoE gene and their effect on
the lipid profile. Furthermore, the ApoE gene’s effect on CVD development is discussed in
Chapter three, with specific reference to the polymorphisms identified in the present

cohort.

Chapter four describes the PURE study design along with the methods used for participant
enrolment. All experimental methods used in the present study are explained in detail in
this chapter, as well as the anthropometric measurements, dietary intake analysis, various

biochemical analyses and statistical analyses undertaken.

Chapter five presents the discussion of the results obtained and comparisons thereof with
the available and relevant literature. Chapter five includes the baseline characteristics of
the PURE study population. Furthermore, this chapter is divided into two main sections,
the first pertaining to the population baseline characteristics and the second to the genetic
characteristics. Each of the investigated SNPs is discussed separately, focusing on the
implications of the significant associations and interactions observed. Chapter five

concludes with a summary of the major findings.

The final chapter of this dissertation are the concluding chapter. The concluding chapter
highlights novel observations made in the study, examines the limitations of this study and

makes recommendations for future research.



CHAPTER TWO

The influential and interactive role of various risk factors on
CVD development

The wealth of Africa lies in the diversity of the populations inhabiting this continent. South
Africa is a country of ethnic diversity with people from all over Africa inhabiting it as a result
of migrations from other countries (Schuster et al., 2010). This diverse population consists

of a number of different ethnic groups that have their origins in Asia, Africa and Europe.

The socio-economic environment of many black South Africans, in particular, is changing
rapidly from the more rural, traditional African lifestyles to more westernised lifestyles with
the adoption of more imprudent dietary patterns (Steyn et al., 2005; Mackay et al., 2004;
Walker & Sareli, 1997). Most industrialised countries follow Westernised lifestyles, yet the
CVD incidence is decreasing in these countries in response to the implementation of
prevention programs targeting the control of risk factors (Okrainec et al., 2004). Contrary
to this, the CVD incidence as well as the incidence of many other chronic lifestyle diseases
(CLD) are increasing in developing countries and can be expected to escalate in the future
among black South African populations, as the movement from rural to urban areas
increases (Masemola et al., 2007; Mackay et al., 2004; Steyn et al., 1991). Reasons other
than urbanisation can also contribute to the increased CVD incidence among (black) South
Africans e.g. the genetic makeup of (black) South Africans which is a research field that

has not been extensively studied to date.

2.1 CARDIOVASCULAR DISEASE

CVD is a condition typified by abnormal or impaired functioning of the heart and/ or blood
vessels (Harris et al., 2006). These disorders include: atherosclerosis, CBVD, congenital
heart disease, deep vein thrombosis, peripheral arterial disease (PAD), pulmonary
embolism, rheumatic heart disease and systemic venous hypertension (Harris et al., 2006;
Forrester, 2004). Atherosclerosis is a major health concern in both developed and
developing countries making it a global health burden. Furthermore, atherosclerosis is the
devastating underlying condition in patients who develop CHD, myocardial infarction (Ml),
heart failure, PAD and stroke (Paré et al., 2007; Dzau et al., 2006).
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CHD and stroke are within the top ten leading causes of mortality worldwide (WHO, 2011).
This finding is responsible for the sense of urgency that has arisen, to investigate the
reasons for the high incidence rate of CHD. Investigation into the pathophysiological CVD
continuum over the last two decades has resulted in the determination that CVD incidence
is initiated by specific risk factors, which in turn instigate the processes that result in tissue
damage, leading to the pathogenicity of these disorders (Dzau et al., 2006). This is in
accordance with the reality that CHD is also in fact one of the most evident consequences
of the high prevalence of nutrition-related risk factors in the population globally
(Hawkesworth et al., 2010). Figure 2.1 represents a continuum indicating the progression
of CVD and a number of additional metabolic pathways, which form part of the
pathophysiological CVD continuum, including oxidative stress, early endothelial tissue
dysfunction, inflammatory progressions and vascular remodelling in the initiation and

prolongation of atherosclerotic disease.

Figure 2.1 The continuous set of pathophysiological events involved in CVD
development
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CHF = congestive heart failure; CVD = cardiovascular disease; ESRD = end-stage renal disease; Ml = myocardial infarction; adapted
from Dzau et al. (2006)

The most important underlying pathological process for CVD is atherosclerosis. Growing
evidence associates lipid metabolism with atherosclerosis development, as modified or
oxidised LDL-C has been identified as the best recognised initiating event of
atherosclerosis (Ordovas, 2009; De Caterina etal., 2006). The accumulation of
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lipoproteins in the vessel wall (hypercholesteroleamia) is one of the consequences of a
damaged endothelium (Schachter, 1997). In time, these lipoproteins can become modified
by chemical acetylation, resulting in oxidised species of LDL-C that result in the attraction
of monocytes and lymphocytes to the vessel wall, where monocytes subsequently convert
into macrophages. The macrophages recognise and take up the oxidised LDL-C particles
through scavenger receptors. This in turn gives rise to cholesterol-loaded “foam cells”,
which are the trademarks of early atherosclerotic lesions, termed “fatty streaks” (Lusis
etal., 2003; Schachter, 1997). The foam cells eventually die and the presence of
inflammatory cells triggers the migration of smooth muscle cells from the media to the
intimae and in turn the proliferation of the smooth muscle cells in the intimae. These cells
secrete collagen and form an apparently protective “fibrous cap” overlaying the lesion
(Lusis, 2003; Schachter, 1997). Ml is usually caused by rupture or erosion of such
lesion(s), leading to the formation of a thrombus, which results in either the stenosis or
occlusion of the vessel (Lusis, 2003; Vorster et al., 1998; Reilly & Cawley, 1996). Human
lesions differ widely in composition and there are undoubtedly multiple processes that can

result in clinically significant events.

In essence, CVD can be described as an adverse effect that arises in response to
physiological processes not being in tolerable homeostasis, since the slightest disruption
(initiated by risk factors) of the normal functions of endothelial cells can stimulate
pathological vascular responses such as smooth muscle cell proliferation,
vaso-constriction, inflammation and thrombosis (Dzau et al.,, 2006). The undesirable
presence of these phenotypic traits could possibly be as a result of genetic variations,
environmental exposure or an imbalance between these factors (Stephens & Humphries,
2003).

Over the years, many epidemiological and interventional studies have identified specific
factors associated with increased risk of CVD, which resulted in establishing scientific
guidelines and risk assessment models that can be applied to individuals and populations
to reduce the risk of disease development (Ordovas, 2006). A well-used method in
identifying individuals at high risk of CVD is to establish whether the traditional risk factors
are present (Wilson, 2000). Almost 70% of all individuals at risk of CVD have multiple risk
factors, which interact concurrently to increase the total risk of CVD, where the risk is
about four times higher in the presence of one risk factor to 60 times higher in the
presence of five risk factors (Wilson, 2000). However, even when one obtains detailed

information on the environmental exposure and genetic makeup of an individual, the onset,

10
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development and seriousness of the disease cannot be predicted with certainty owing to a
lack of a comprehensive understanding of these multi-factorial diseases (Sing et al., 2003).
It is in the interaction between these factors that the determinants of the phenotypic
outcome of an individual possibly lies (Sing etal.,, 2003). It is important that the
conventional CVD risk factors be investigated (Section 2.1.1), but it is even more important
to be conscious of the interactive effects between these traditional factors and novel risk
factors such as genetic susceptibility, which will be discussed in Chapter three.

211 Conventional CVD risk factors

According to Hopkins and Williams, 246 (risk) factors were associated with CVD in 1981
(Hopkins & Williams, 1981). A large number of clinical trials have been conducted in the
last two decades with the aim of increasing the understanding of the causes and
contributing factors of diseases, while facilitating the identification of new risk factors,
which could possibly improve the methods for identifying persons who are in the early
stages of CVD or at high risk of developing it (Ware, 2006). In 2004, the WHO stated that
more than 300 risk factors for CVD had been identified (Mackay et al., 2004). Some of the
risk factors, that have been identified and consequently added to the list of reported CVD
risk factors, as they might assist in improving CVD risk prediction, include abnormal blood
coagulation [markers of blood clotting i.e. fibrinogen and plasminogen activator inhibitor
type 1 (PAI-1)], inflammation (inflammatory markers i.e. elevated CRP concentrations) and
raised homocysteine (Hcy) concentrations (Mackay et al.,, 2004). The increase in the
number of risk factors identified emphasises not only that awareness of CVD has
increased, but also that scientific knowledge of CVD in terms of its aetiology, treatments

and “novel” risk factors has expanded.

Some of these risk factors can be categorised as major modifiable, other modifiable and
non-modifiable risk factors, as indicated in Table 2.1 (Mackay etal., 2004). Both
non-modifiable risk factors (genetic predisposition to the disease, family history, age and
gender) and ones that can be modified by lifestyle interventions (obesity, hypertension,
hypercholesterolaemia, diabetes, alcohol consumption, atherogenic diet, lack of physical
activity and tobacco use) enhance CVD incidence rates (Campbell et al., 2008; Mackay
et al., 2004).

11
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Table 2.1

Categorisation of CVD risk factors

LITERATURE REVIEW

Major modifiable risk factors

Other modifiable risk factors

Non-modifiable risk factors

Elevated blood pressure Alcohol use Genetics or family history
Abnormal blood lipids Use of certain medicine Ethnicity
Tobacco use Elevated serum lipoprotein (a) Gender

Physical inactivity

LVH

Advancing age

Obesity

Psychosocial stress

Unhealthy diets

Psychosocial factors
(urbanisation, poverty etc.)

Diabetes mellitus

Mental illness

LVH = Left ventricular hypertrophy; adapted from Mackay et al. (2004)

The major risk factor for CVD is BMI, as it is an indicator of the risk of overweight or
obesity, altered blood lipid determinants, diabetes and hypertension (Litwin, 2008; Ezzati
et al.,, 2005; Cleeman etal.,, 2001) as seen in Figure 2.2. The total global mortality
estimates have indicated that elevated blood lipid profile concentrations, tobacco use and
hypertension are reported as the top three causes of death in developed countries and are
also the major constituents of a high-risk profile for CVD (Ezzati etal.,, 2005;

Ezzati et al., 2003; Ezzati et al., 2002).

Figure 2.2 Global mortality and burden of disease characteristics of CVD and their
major risk factors
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CVD = cardiovascular disease; M = million; adapted from Ezzati et al. (2005)

Over the years, the influential role of non-modifiable risk factors in CVD risk development
has also been studied extensively. Advancing age is the most influential independent risk
factor for CVD; the risk of stroke doubles each decade after the age of 55
(Ezatti et al., 2005; Mackay et al., 2004), possibly as a result of the increased degree and

duration of exposure to CVD risk factors. Furthermore, the absolute risk of CVD increases

12
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with age among all individuals of a population and, therefore, relative risk is often used as
a more sensitive metric in an elderly population as it is based on only the major risk factors
(Grundy et al., 1999). However, with advancing age the impact of certain CVD risk factors,

such as dyslipidaemia, diabetes and fibrinogen, is reduced (Navas-Nacher et al., 2001).

Many research projects have been conducted in order to understand the differences and
similarities between females and males at the population level (i.e. behaviours, lifestyles
and environment), the individual level and the cellular and molecular levels (Hernandez &
Blazer, 2006). According to Mackay and co-workers (2004), higher CHD rates occur
among men compared to premenopausal women. However, the risk increases
significantly for women after the protective effect of oestrogen is lost (de Backer, 2008).
Nonetheless, the risk of developing stroke has been reported to be similar for both

genders (Mackay et al., 2004).

Another non-modifiable risk factor of CVD that is of interest to the present study is
ethnicity, since the occurrence of different CHD mortality and morbidity rates within and
between populations has been observed (Dahl6f, 2010; Bhatt etal., 2006;
Mutch et al., 2005). This is most likely due to the different populations that are under
investigation in any particular study, being not only genetically diverse, but also being
exposed to different contributing environmental risk factors (Anand et al., 2009; Sing et al.,
2003). The following section will discuss the effect of ethnicity, as a non-modifiable risk

factor on CVD development, in greater detail.
2.1.2 Ethnicity as a non-modifiable risk factor for CVD development

Most of the knowledge available on the risk factors of CVD has been collected from
studies conducted mainly among European populations (Forouhi & Sattar, 2006; Steyn
et al., 2005; Yusuf et al., 2004; Yusuf et al., 2001a). The global scientific field has become
increasingly uncertain as to the extent to which the existing data available for CVD risk
factors and prevention strategies are applicable to the rest of the populations across the
globe and, therefore, the era of multi-ethnic studies has begun (Yusuf et al., 2004; Kell
et al., 1993).

One of the first multi-ethnic studies to clarify whether the effects of risk factors do vary

among different ethnic populations from 52 countries (located in Africa, Asia, Australia,
Europe, the Middle East, North America and South America), was the INTERHEART

13
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global study (Yusuf et al.,, 2004). The INTERHEART global study also investigated the
importance of the associations between reported and easily measured risk factors
(tobacco use, lipids, self-reported hypertension and diabetes, obesity, diet, physical
activity, alcohol consumption and psychosocial factors) and CHD on the population
attributable risks (PAR) for acute MI (AMI) (Yusuf et al., 2004). Yusuf and co-investigators
(2004) reported that when the population was subdivided by ethnicity, the investigated risk
factors accounted for a very high proportion of the PAR in every ethnic group: Europeans,
86%; Chinese, 90%; Latin Americans, 90%; South Asians, 92%; black Africans, 92% and
Arabs, 93%, indicating consistency across a number of ethnic, gender and age groups.
However, even though the risk factor incidence among the populations investigated by the
INTERHEART study were similar, the CVD incidence among these ethnic groups differed,
which suggests that other influential factors, such as genetics, determine the risk in
populations or ethnicities (Cargill et al., 1999; Halushka et al., 1999; Wang et al., 1998; Li
& Sadler, 1991). In addition, various other studies have reported a higher CVD burden
among South Asians, African-Caribbeans [usually based in the United Kingdom, (UK)],
African-Americans and Mexican Americans when compared to European Caucasians
(Forouhi & Sattar, 2006; McKeigue et al., 1993). The higher prevalence of CVD can
possibly be attributed to the fact that different ethnic groups are predisposed to developing
CVD at different rates (Forouhi & Sattar, 2006), possibly because of different economic
advances or genetic differences, as mentioned before (Thorogood et al., 2007; Cargill
et al.,, 1999; Halushka et al., 1999; Wang et al., 1998; Li & Sadler, 1991). Although the
problem of CVD may be pandemic, the aforementioned results signify the possibility that
CHD prevention strategies can be based on similar strategies across multiple ethnic
groups around the world (Bhatt et al., 2006; Yusuf et al., 2004).

The REACH registry is another multi-ethnic study, which was initiated in 2003 with the aim
of investigating the impact of traditional and novel risk factors on the prevalence of
cardiovascular ischaemic events among patients with (or with a high risk of)
atherothrombosis (Ohman et al., 2006). The REACH registry collected global data from
more than 44 countries across six regions (Asia, Australia, Europe, Latin America, the
Middle East and North America) on atherosclerosis risk factors from 67 888 middle-aged
patients (Ohman etal., 2006). The results reported confirmed the findings from the
INTERHEART global study in that classic cardiovascular risk factors (hypertension, high
cholesterol concentrations, diabetes, obesity and tobacco use) are consistent and
common in various ethnic populations, even if they do tend to be undertreated and less

controlled in many regions of the world (Bhatt et al., 2006). Furthermore, the REACH
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registry determined differences in the distribution of CVD characteristics in the different
categories of CVD, i.e. CHD, CBVD, and PAD, among different regions (ethnicities), as
indicated in Figure 2.3 (Bhatt et al., 2006; Dahlof, 2010).

Figure 2.3 CVD characteristic distributions by region in the REACH registry

North America Asia
(n=27,743) (n=15,879)
Risk factors only Risk factors only
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(n=17,372) (n=15,640)
Risk factors only Risk factors only
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CHD = coronary heart disease; CBVD = cerebrovascular disease; PAD = peripheral arterial disease; n = number of subjects;
% = percentage; risk factors = 23 atherosclerosis risk factors; adapted from Dahléf (2010)

From Figure 2.3 it is clear that the risk factor incidence is the lowest in the East European
region (3.3%), yet the CHD incidence (31.2%) is comparable to that of the Asian region
(35.5%), despite the risk factor incidence in the Asian region being almost threefold higher
(10.9%). The comparison of PAD between these two regions results in similar
observations as determined in the case of CHD. This suggests that the incidence of CHD
and PAD is possibly a result of contributing factors other than the risk factor prevalence
measured by the REACH study (Dahl6f, 2010). The CVD incidence for the Asian region is
also almost threefold that of the East European region, suggesting that CVD can possibly
be more strongly determined in the Asian population by the risk factor prevalence, since
the clustering and the interaction of risk factors in individuals increase CVD risk
(Dahlof, 2010).  Yet, when comparing these two regions with the highest risk factor
prevalence for the Northern American and Western European regions, a totally different
combination of disease prevalence versus risk factor prevalence is observed compared to

the regions with the lower reported percentages (Dahl6f, 2010). Even though the risk
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factor prevalence is 24.9% in the North American region, the CVD incidence is only 10.9%,
whereas these statistics are 15.1% and 14.9% in the Western European region for risk
factor and CHD rates, respectively (Dahl6f, 2010). Both the risk factor prevalence and
CHD incidence are highest in the North American region; however, for the other regions
the CHD incidence is also high, but the risk factor prevalence is lower (Dahlof, 2010). The
fact that the incidence of the disease differs between the four regions, irrespective of the
risk factor prevalence, supports the previous suggestion that other factors are also at play
in determining the incidence of the disease. It is possible that the risk within populations is
mainly determined by environmental factors, while the risk among populations or

ethnicities is generally determined by genetic components (Forouhi & Sattar, 2006).

Even though this registry is geographically diverse, this study did not include an important
ethnic group (especially to the present study) i.e. the African population (Bhatt et al.,
2006). Fortunately, other studies have investigated the CVD burden of disease
prevalence among populations of African descent (Zoratti et al., 1998; Cappuccio, 1997,
Walker & Sareli, 1997), which have been reported to present with lower rates of CHD
regardless of their higher rates of insulin resistance, diabetes, hypertension and stroke,
while maintaining a healthy lipid profile (Forouhi & Sattar, 2006; Zoratti et al., 1998). Since
the present study is being conducted in a (black South) African population, it is critical to

investigate the discoveries and progress that have been made in this ethnic group as well.

Over a decade ago, Walker and Sareli (1997) reported on numerous studies conducted
before the 1970s, which investigated the prevalence and incidence of CVD among
Africans. The conclusion was that the prevalence of CVD risk factors among black
Africans was low and the occurrence of CVD (especially CHD) in this ethnic group was
almost unheard of (Walker & Sareli, 1997; Steyn et al., 1991). However, a decade later
scientists started reporting that the CVD mortality rate for Africans was almost that of the
Caucasian populations (Loock et al., 2006; Steyn et al., 2005; Walker & Sareli, 1997; Kell
et al., 1993; Steyn et al., 1991).

When comparing the incidence of CVD among different African populations, controversial
results are reported. Zoratti (1998) reported a reduced incidence of CHD among the
Afro-Caribbeans based in the UK; in contrast to this Forouhi and Sattar (2006) revealed
that CVD was the leading cause of death among African-Americans. These controversial

results support the aforementioned notion that genetic variations might be responsible for
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the differences in the incidence of CVD between populations or ethnicities (Forouhi &
Sattar, 2006).

The INTERHEART Africa study was conducted in nine sub-Saharan African countries
where 578 AMI cases and 785 controls (also in an urban setting) were recruited from 1999
to 2003 (Steyn et al., 2005). The aim of the study was to determine the strength of the
association between several CVD risk factors, not only individually, but in combination with
AMI in the African population in general and in the three subgroups (European Africans
(17%), coloured Africans (47%) and black Africans (36%)]. More than 80% of the
participants were from South Africa (Steyn et al., 2005). The risk factors that presented
the strongest association with AMI among the total African group were their previous
family history of hypertension and diabetes, again emphasising the imperative role of
genetics. A striking observation of this study is the low number of AMI cases among black
Africans, mainly outside South Africa, which suggests that AMI in black Africans who live

in less developed areas of sub-Saharan Africa may still be relatively rare.

Limited data are available on the current CVD morbidity and mortality rates in South Africa.
According to Statistics South Africa (2010), diseases of the circulatory system have been
increasing in the proportion of all deaths in the last few years. In 2010, diseases of the
circulatory systems were reported to be the second most common cause of death at
15.2% (Statistics South Africa, 2010). Furthermore, diseases of the circulatory system
such as other forms of heart disease, cerebrovascular diseases, ischaemic heart diseases
and hypertensive diseases contributed a total of 18.4% and 30.0% of the deaths for
individuals between the age of 50 and 64 years of age and 65 years and older,
respectively and were considered among the ten leading causes of death for those age
groups (Statistics South Africa, 2010).

Furthermore, differences in the main causes of mortality among the various ethnic groups
in South Africa also exist (Statistics South Africa, 2005; Wyndham, 1979). The CVD
mortality rate in South Africa is highest among Indians, followed by coloured people, with
the lowest rates reported for Caucasians and black South Africans (Norman et al., 2007;
Steyn, 2007). Before the 1990s, the CHD prevalence and mortality rates were already
reported to be low among black South Africans (Alberts et al., 2005; Steyn et al., 2005).
However, over the last few years, the incidence of cardiovascular cases in black South

Africans has increased, emphasising the importance of studying CVD risk factors and
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mechanisms contributing to this epidemic (Pieters et al.,, 2011a; Masemola et al., 2007,
Alberts et al., 2005).

As early as 1991, researchers already recognised the scarcity of reliable IHD data for
black South African populations (Steyn et al., 2005; Steyn et al., 1991). The BRISK study
attempted to assess the overall IHD risk in a black South African population of the Cape
Peninsula and therefore determined the prevalence of a combination of the major risk
factors (Steyn et al.,, 1991). In general the percentage of males (30.8%) who presented
with at least one risk factor was almost threefold that of females (12.5%) and almost half of
both the males and females who presented with such a risk factor were of an older age
(55-64 years). These results indicated that black South African urban men (from the Cape

Peninsula) already had a risk profile for developing IHD.

More recently, Pieters et al. (2011a) conducted a case control study, investigating the risk
factor profile of CHD in black South Africans and reported that the same risk factors (such
as a higher prevalence of tobacco use, hypertension, insulin resistance, increased TC and
LDL-C concentrations), which are typically seen in Caucasians, were prevalent at
increased levels among the black South African CHD patients. Only modest differences
were observed between patients and controls for all the risk factors, except for insulin
resistance and small dense LDL-C, which were reported to be the main predictors of CHD
development in the black South African population (Pieters et al., 2011a). The role of
various other environmental risk factors affecting the blood lipid profile and in this way the
risk of CVD development will be discussed in Section 2.1.3.

2.1.3 The blood lipid profile as a modifiable risk factor of CVD development

Lipoproteins, which are the major indicators of CVD risk, consist of lipids and proteins that
are mainly produced in the liver and the intestine and are involved in the transport and
redistribution of lipids in the body (Ordovas, 2009). A clear link has been established
between blood lipid determinants and CVD development, with LDL-C being the major
lipoprotein involved in plasma cholesterol transport (Lichtenstein et al., 2006; Ordovas,
2006). This led to the National Cholesterol Education Program (NCEP) identifying LDL-C
and high-density lipoproteins (HDL-C) as the primary preventative targets to avert CVD
development (Lichtenstein et al., 2006; Ordovas, 2006), since LDL-C concentrations are

reported to be positively correlated with CVD risk development, whereas HDL-C
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concentrations are reported to be negatively correlated with the risk of developing CVD
(Cleeman et al., 2001).

The risk assessment of CHD requires obtaining an extensive lipoprotein profile (Table 2.2).
These profile measurements include TC, LDL-C, HDL-C and blood TG such as very
low-density lipoproteins (VLDL) and should be obtained every five years after the age of
20 years (Wilson etal., 1998).
concentrations, as defined by the NCEP-Adult Treatment Panel, are depicted in Table 2.2.

The clinical standards for healthy cholesterol

Table 2.2  Biochemical values of the lipid profile for CHD risk assessment in
Caucasian individuals
Designation TC (mmol/L) LDL-C (mmol/L) HDL-C (mmol/L) Fasting TG
(mmol/L)
Desirable <5.17 <2.59 =>1.56 <1.69
Borderline Risk 5.17-6.18 3.36-4.11 1.03-1.53 1.69-2.25
High Risk >6.21 4.14-4.89 <1.03 2.26-5.63

< less than; < less or equal to; > more than; = more than or equal to; HDL-C = high density lipoprotein cholesterol, LDL-C = low density
lipoprotein cholesterol; mmol.L™ = millimole per litre; TG = triglycerides; adapted from Wilson et al. (1998)

Achieving and maintaining lipid homeostasis are vital, since an increase in LDL-C
concentration increases the risk of developing CVD (Cleeman etal.,, 2001). The
coordinated action of a large number of factors, such as binding proteins, apolipoproteins,
enzymes and receptors (involving hundreds of different genes), together assures the
maintenance of lipid homeostasis (Ordovas, 2009). In the event that lipid homeostasis is
not maintained, the chronic overload of plasma LDL-C is one of the mechanisms that
might initiate the continuous set of pathophysiological events involved in CVD

development (Section 2.1, as indicated in Figure 2.1).

It is important to be aware of the consequences of elevated LDL-C concentrations, since
individuals are placed into risk categories based on LDL-C measurements and
identification of accompanying risk determinants, including all the aforementioned factors
(Campbell et al., 2008). Even though LDL-C has been the primary target for lipid-lowering
strategies, elevated TG concentrations have also been suggested as an independent CVD
risk factor (Onat etal.,, 2006; Austin etal., 1998).

properties directly, but many TG-rich lipoproteins, such as chylomicron (CM) remnants,

TG does not have atherogenic

VLDL remnants and VLDL particles, independently promote atherogenesis (Talayero &
Sacks, 2011). Therefore, in addition to the role of modified LDL-C particles in
atherosclerosis development, vascular inflammation can be initiated by TG-rich
lipoproteins via toll-like receptor 2 signalling (Libby et al., 2011; Talayero & Sacks, 2011).

In order to prevent atherogenic inflammation from the accumulation of cytokines,
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endothelial accumulation should be prevented by clearing the TG-rich lipoproteins from the
plasma and increasing liver metabolism of these particles (Talayero & Sacks, 2011).
Delayed clearance of these particles has been attributed to the inhibition of the binding of
the ApoE and ApoB-100 proteins to the hepatic receptors, resulting in reduced ability of
lipoproteins to be taken up by the liver (Talayero & Sacks, 2011).

Furthermore, HDL-C concentrations have been reported to correlate inversely with CVD
risk. The mechanisms involved include complicated pathways of reverse cholesterol
transport mediated by HDL-C particles, which transfer cholesterol from peripheral tissue to
the liver for excretion via membrane-bound adenosine triphosphate (ATP) binding cassette
transporters (Libby et al., 2011; Tall et al., 2008). Another mechanism employs cholesterol
ester transfer protein (CETP) inhibitors, which increase HDL-C concentrations (Tall et al.,
2008).

The TC:HDL-C ratio is another means of measurement to predict CHD risk, where a high
TC value suggests elevated LDL-C, whereas a low HDL-C value often suggests
abnormalities such as elevated VLDL concentrations (Wilson et al., 1998). A TC:HDL-C
ratio of 1.5 has been reported to be protective against CVD and since high percentages of
African populations have been reported with ratios higher than this cut-off value, this might
possibly explain the lower CHD prevalence in South Africa (Mollentze et al., 1995; Steyn
etal., 1991). Thorogood and co-workers (2007) reported that the majority (95%) of the
inhabitants of a rural community had this protective ratio, which supported similar reports
by other researchers (Steyn et al.,, 1991). In contrast to this, a few studies investigating
the lipid profile of rural black communities have reported a higher than expected incidence
of hypercholesterolaemia among these individuals (Masemola et al., 2007; Thorogood
et al.,, 2007; Alberts etal., 2005; Oosthuizen etal., 2002) when using cut-off values
developed for Caucasian populations.

It is important to emphasise the role and necessity of integrating biological risk factors and
mechanisms with social and behavioural risk factors in order to gain a better
understanding of the determinants of disease development, which cause differences in
health rates among populations (Stephens et al., 2008; Hernandez & Blazer, 2006). The
results reported by Thorogood et al. (2007) are an example of these aspects in a South
African context. Thorogood et al. (2007) reported that the TC concentrations in a rural
black South African community at the Agincourt study site (Bushbuckridge district in the

Mpumalanga Province) were higher than those reported for a rural community in another
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geographical region in South Africa (Kahn et al.,, 2007; Oosthuizen et al., 2002). This
supports the notion that the implementation of the necessary lifestyle modifications can
also help to maintain lipid homeostasis (Ordovas, 2009). The influential role of some of
these non-genetic factors on the blood lipid profile will be discussed in the following

section.

2.1.3.1 Non-genetic factors that might influence the blood lipid profile

The NCEP lays strong emphasis on the primary role that lifestyle treatment should play in
lowering LDL-C (Lichtenstein et al., 2006). There are a few distinctive (lifestyle modifying)
factors that can lower LDL-C and raise HDL-C concentrations, such as giving up smoking,
weight control, physical activity, soluble dietary fibre intake, moderate alcohol consumption
and the replacement of SFAs in the diet with monounsaturated fatty acids (MUFAS) or
polyunsaturated fatty acids (PUFAs) (Campbell et al., 2008; de Backer, 2008).

The risk or benefit determination of a high fat diet, specifically a diet that is high in SFA
and/or TFA, is mainly based on the lipid and lipoprotein responses, specifically on LDL-C
concentrations, as they respond to dietary fatty acid changes (Kris-Etherton et al., 2007).
According to the American Dietetic Association and the Dieticians of Canada report, for
each percentage increase in energy from SFA in the diet, LDL-C increases by 1% and
CHD risk is doubled. A dose-dependent effect has been reported for TFA, with a TFA
intake range of 0.5% to 10% of total energy (TE) intake, resulting in elevated LDL-C
concentrations (Lichtenstein et al., 2006). High TFA intake has been associated with an
increase in the relative risk of CHD development, CHD death rate, risk of fatal and nonfatal
MI and sudden death (Lichtenstein et al., 2006; Hunt et al., 2005).

Epidemiological studies have also reported a positive association between SFA intake and
CHD incidence, while clinical trials have reported elevated LDL-C concentrations in
response to SFA intake (Brown & Goldenstein, 2006; Lichtenstein et al., 2006). Dietary
recommendations encourage the limitation of SFAs to less than 7% of TE intake, to lower
dietary cholesterol intake to <200 mg/day and to increase (viscous) fibre intake to
10-24 g/day and plant sterols to 2 g/day, as these adjustments enhance the lowering of
LDL-C concentrations. The strong, continuous, graded, and independent positive
association between the entire range of TC and LDL-C and CVD is exponential, indicating
that a given absolute difference in TC or LDL-C from any point in the distribution is

associated with a constant percentage difference in CHD risk (de Backer, 2008).
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It has also been speculated that the epidemiological transition is one of the most recent
contributing factors to CVD development (Pieters et al.,, 2011; Sliwa et al., 2008; Steyn
et al., 2005; Oosthuizen et al., 2002; Vorster, 2002) and, therefore, a discussion of the
epidemiological transition and urbanisation as a CVD risk factor globally and among black
South Africans follows. The epidemiological transition has led to a pattern of risk factors
that increase CVD risk, including indicators of socio-economic class (poverty), obesity,
hypertension, elevated cholesterol concentrations, tobacco use and a sedentary lifestyle
(Mayosi et al., 2009; Tibazarwa et al., 2009; de Backer, 2008; Schutte et al., 2006; Yusuf
et al., 2001a).

Rural sub-Saharan Africa is at an early stage of the economic and health transition,
consequently limited published data are available on the prevalence of CVD risk factors in
these populations (Leeder, 2004). However, various risk factors for atherosclerotic
vascular disease in both urban and rural communities of South Africa have emerged over
the last several decades (Opie & Mayosi, 2005). Mortality rate projections made by
Leeder, (2004) indicate that by 2040 the demographic changes in this population alone will
result in a doubling of the number of cardiovascular deaths in South Africa, even if the risk
factor profile or the mortality rates from CVD stay constant. It is important, however, to
determine the manner in which the epidemiological transition and urbanisation of (South)
Africans leads to a higher prevalence of certain types of CVD, such as stroke or CBVD,
than that of other types, i.e. CHD (Reddy & Yusuf, 1998).

Data pertaining to the urbanisation of (black) South Africans over the years are scarce,
inconsistent and/or difficult to obtain. However, the available reports indicate that
urbanisation is well advanced in South Africa, with more than half of the population
residing in urban areas (Armstrong et al., 2008;
http://www.doh.gov.za/docs/reports/2003/sadhs2003/partl.pdf). The WHO has reported
that urbanisation in South Africa has increased with 9% from 1990 to 2009 (WHO, 2010).
The latest census conducted in South Africa in 2011 revealed that the population is
estimated to have increased by more than 20% from 1996 to 2011, with almost 40% of the
population residing in the largest metropolitan areas (Johannesburg and Cape Town),
indicating that urbanisation is continuing at a rapid pace in South Africa

(http://www.ihsglobalinsight.co.za/News/news.asp?id=1026: 7 January 2013).
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Numerous studies have investigated the effect that urbanisation and other lifestyle
behaviours have had on CVD development in South African populations (Tibazarwa et al.,
2009; Sliwa et al., 2008; Masemola et al., 2007; Thorogood et al., 2007; Alberts et al.,
2005; Steyn etal., 2005; Vorster, 2002; Oosthuizen et al., 2002; Yusuf et al., 2001a;
Mollentze et al., 1995). The differences in CVD prevalence according to social class
observed and documented in various populations can only to some extent be explained by
the conventional CVD risk factors (de Backer, 2008). Studies of data from South Africa
have similarly reported an increase in the prevalence of hypertension and obesity with
increasing wealth. Furthermore, the exposure to some risk factors, such as moderate
tobacco use, was inversely associated with wealth, restating concerns that risk factors for
NCD might become highest in poor populations (Mayosi et al., 2009).

A study conducted by Alberts and co-workers (2005) determined the prevalence of CVD
and associated risk factors in a rural black community in the Limpopo province, using the
Framingham risk equation (Anderson etal., 1991). It is important to note that the
Framingham risk score has not been validated in the (black) South African population; this
should be kept in mind when interpreting the results obtained. Alberts et al. (2005)
reported that 20% of the women and approximately 33% of the men had a 20% or higher
chance of suffering a CVD event in the next 10 years, despite living in poor socioeconomic
conditions. Socio-economic status can be determined by income, occupation, education
etc. and these factors have been associated with CVD risk factors i.e. blood pressure,
BMI, tobacco use and cholesterol concentrations (Winkleby etal.,, 1999). A study
conducted on a black population in Cape Town in the Cape Peninsula, reported that even
though urbanisation resulted in higher educational status and diets richer in micronutrients,
the atherogenicity within these populations is also significantly higher (Steyn et al. 1991).
This suggests that an improved socio-economic status does not necessarily lead to an
improved nutritional status, but leads to a nutritional pattern that predisposes individuals to
the development of atherosclerosis (Steyn et al., 1991).

It has been hypothesised that with urbanisation, traditional diets are replaced by a Western
diet, which is typified by high fat intake and low carbohydrate and fibre intake (Alberts
et al., 2005; Vorster, 2002; Yusuf et al., 2001a; Walker & Sareli, 1997). The nutrition
transition is characterised by increased energy consumption, a decrease in the use of
coarse and unprocessed cereals and an increase in the consumption of fats, especially
from animal sources, which are high in TFA and SFA (Teo etal.,, 2009). The dietary
distribution of urbanised black South Africans has changed drastically compared to their
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rural counterparts, with an approximate 10% increase of the TE intake being allocated to
fat intake, whereas carbohydrate intake has decreased by more than 5% (Bourne et al.,
2002). Furthermore, the majority of the studies suggest that rural populations have
already been developing significant concentrations of chronic disease risk factors and
have a CVD risk profile similar to those present in urban areas of South Africa (Alberts
et al., 2005). However, a study conducted by Steyn et al. (2001) on the adult population of
Dikgale (situated in Limpopo, South Africa), reported that adults in rural settings still
consumed a moderately traditional diet, which is low in fat and high in carbohydrates, yet
low in dietary fibre. Steyn et al. (2001) concluded that the type of food items eaten in a
rural context did not always contribute to a healthy meal plan, which emphasises that this
shift towards a diet similar to that in developed countries is also noticeable and occurring
in people from rural areas (Bourne et al., 2002).

The “Heart of Soweto” study is a large-scale survey and is one of the many studies with
the intention of investigating the effect of urbanisation on heart disease risk among a black
South African population in the urbanised town of Soweto (Tibazarwa et al., 2009). This
study observed that heart failure was the most common primary diagnosis in this
population, with moderate to severe systolic dysfunction evident in around half the cases.
Black Africans were more likely to be diagnosed with heart failure than were others, but far
less likely to be diagnosed with CHD, which is in agreement with similar reports (Pieters
etal.,, 2011a). Contrary to the favourable lipid profile of the black African population,
Tibazarwa and co-workers (2009) suggested that CVD risk factors are highly prevalent in
this population because of the high-risk Westernised lifestyles that were adopted.
Furthermore, this research group (Tibazarwa et al., 2009) reported that more than 75% of
the “Heart of Soweto” study population had at least one measurable major risk factor for
CVD i.e. >40% were obese, approximately 30% were hypertensive and >10% had
elevated serum cholesterol concentrations (Tibazarwa et al., 2009; Sliwa et al., 2008).
Even though such data allows researchers to establish whether epidemiological transition
(in specific populations) has expanded the clinical CVD spectrum beyond the traditional
CVD risk factors (Sliwa et al., 2008), the results reported by Tibazarwa et al. (2009) and
Sliwa et al. (2008) are somewhat surprising, as the prevalence of the risk factors is not as
high as one would expect it to be in a CVD-affected population (Yusuf etal., 2001b).
These results are in accordance with those observed in other ethnicities from around the
world, as discussed in Section 2.1. The frequency of each of these risk factors among
those burdened with the disease was somewhat different to that observed in the “Heart of

Soweto” study population. Even though the frequency of obesity (~23%) is reported to be
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lower than that reported by Tibazarwa et al. (2009), the frequencies of high blood pressure
(~46%) and elevated cholesterol concentrations (~31%) were higher (Tibazarwa et al.,
2009; Ezzati et al., 2005). It is worthwhile to also draw local comparisons with similar
studies as wel. Connor and co-workers (2008) reported on the prevalence of stroke risk
factors in a South African general practice population. The aforementioned risk factors
were common in all the population groups, although fluctuating in their distribution among
the groups. The mean age of the participants was 50.7 years, with 67% of the participants
having one risk factor and 40% having two or more risk factors. The most common risk
factor in all of the ethnic groups was hypertension, but the highest prevalence of 59% was
among the black patients, whereas dyslipidaemia had the lowest prevalence among the
black patients (5%), but was the most prevalent factor among the Caucasian individuals
(37%). These values are different from those reported by Tibazarwa and co-workers
(2009), in that the hypertension frequencies among the “Heart of Soweto” study population
were approximately half those of the general practice population, whereas the prevalence
of hypercholesterolaemia was double.

Another comparative study was reported by Loock and co-workers (2006) who conducted
a case-control study with the aim of determining the relationship between CHD and its
reported risk factors, within urban black South African individuals. The clinical incidence of
the (major) risk factors that significantly contributed to the CHD development of the (black
African) cases compared to the controls, were similar to the commonly observed CHD risk
factors in European (Caucasian) populations (Loock et al., 2006). The majority of the
cases presented with elevated TC concentrations (6.5 mmol.L™), HDL-C concentrations
<1.2 mmol.L?, LDL-C concentrations =3.0 mmol.L™, hypertension [140/90 millimeter of
mercury (mm Hg)], and history of tobacco use, which all contributed to a significant
Framingham total CVD risk score (Loock etal.,, 2006). Furthermore, it has been
suggested that genetics may play an important role in the predisposition of this ethnic
group to CHD development, in view of the significant difference (p<0.0001) between family
history of certain CVD-associated diseases (diabetes, hypertension, stroke and MI) among

cases and controls, which make these strong predictors of CHD risk (Loock et al., 2006).

The results reported by the recently published South African National Health and Nutrition
Examination Survey also reported on the rate of family history of NCD. The rate of
self-reported family history of NCD was highest among the Indian population, but the
lowest among black South Africans for all four NCD. The prevalence of high blood
cholesterol (i.e. TC, LDL-C and TG) was significantly higher among the older age groups,
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as well as among subjects residing in formal urban and formal rural areas
(Shisana et al., 2013). In terms of ethnicity and gender, high blood cholesterol mostly
affected Indian and coloured males and among females all ethnic groups were affected
except for black South Africans (Shisana et al., 2013). Furthermore, the black South
African group presented with the lowest prevalence of abnormal serum TC and LDL-C
concentrations. However, approximately 50% of these subjects presented with abnormal
HDL-C concentrations and one out of four black South African respondents presented with
elevated serum TG concentrations. Therefore, these results and findings provided
evidence against previous notions that black Africans are not in any way predisposed to
CHD (Shisana et al., 2013; Loock et al., 2006; Steyn et al., 1991).

Although it is important to take note of all the conventional and additional interactive
effects between CVD risk factors, it is even more important for the purpose of the present
study to emphasise the role and influence of genetics on these reported risk factors.
Given that the anticipated leading cause of mortality worldwide is CVD, it is a global
research priority to understand the genetic basis of this disease (Kullo & Ding, 2007).
Studies have investigated whether common genetic variants influence common phenotypic
traits (which might already be reported CVD risk factors) and this has supported the notion
of genetic susceptibility to disease development (Knoblauch et al., 2004; Knoblauch et al.,
2002). This stimulated many researchers to begin unravelling the underlying genetic
pathogenesis of the disease (Ordovas, 2009; Forouhi & Sattar, 2006), which will be

discussed in Chapter three.
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CHAPTER THREE

CVD and genetics: the role of the human Apolipoprotein E
gene

From the previous chapter it is clear that the genetic background of a population also has
a pertinent role to play in CVD risk development. Most human genetic material is identical
between individuals, with 99.9% agreement. Of the remaining 0.1%, which represents
approximately three million genetic variations between individuals, only 7% can possibly
be attributed to observable phenotypic differences, i.e. in behaviour, health and other
phenotypic traits among individuals and groups, since not all genetic factors affect
functional abilities (Christensen et al., 2000; Cargill et al., 1999; Halushka et al., 1999;
Wang et al., 1998; Li & Sadler, 1991). Consequently, a frequently asked question is to
what extent genetic variability accounts for the clinically important differences observed in
disease outcomes among ethnic groups. An accepted theory of the role of genetics in
common disease, is the “common disease/common variant hypothesis”, which postulates
that most gene variants for complex diseases are common (i.e. allele frequency >20%)
and, therefore, are present in multiple populations compared to rare, population-specific
genetic variants (Bamshad, 2005; Sing et al., 2003).

Yet, at the onset of the genetic era, the field of cardiovascular genetics, while promising,
was also limited, as most genetic research had no clear application in a clinical setting.
This could be ascribed to the fact that all pioneering genetic studies focused on
single-gene disorders (Mendelian diseases) and not common, polygenic diseases such as
CVD. Prior to the Human Genome Project era, cardiovascular genetics had a rising
impact on the definitions, fundamental insights into the disease processes, diagnosis and
underlying genetic aetiology for CVD with monogenic origins through the integration of
high-technology laboratory investigations and clinical medicine (Milewicz & Seidman,
2000). However, the Human Genome Project brought about the possibility of investigating
the genetic origins of common disorders with complex polygenic pathogeneses and ever

since, the field of cardiovascular genetics has expanded drastically.
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Information on the human genome was published in 2001 along with successive
descriptions of gene variation in the human population (Venter etal., 2001;
Sachidanandam et al., 2001). Subsequently, research in this field focused largely on the
association between common SNPs in crucial genes and their association with disease,
along with other risk factors (Jofre-Monseny et al.,, 2008). These genetically based
association studies have resulted in the creation of a better understanding of the aetiology
and physiological mechanisms of diseases, as well as the identification of potential
genotypic biomarkers, which can be used as predictors of future disease risk
(Jofre-Monseny et al., 2008).

SNPs are the most prevalent type of genetic variation and can be defined as the single
nucleotide variations in genomic DNA that have a minor allele frequency (MAF) of no less
than 1% (Cummings, 2011). There are more than 10 million polymorphic sites in the
genome most of which have a frequency between 5% and 50% (Mcvean et al., 2005).
The number of novel SNPs that are being discovered among different populations is
continuously increasing (Brookes, 1999). Most SNPs are located outside the
protein-coding sequences; however, the SNPs that occur in this region are termed coding
SNPs [(c)SNPs] and are more likely to affect the functionality of a gene
(Shelling & Ferguson, 2007). Nonetheless, there are numerous other types of genetic
variants such as polymorphic inversions, duplications, microsatellites and other forms of

heritable variation that can also affect susceptibility to disease (Mcvean et al., 2005).

Endemic lifestyle diseases such as CVD are polygenetic diseases and are thus frequently
a result of a dysfunctional biological system and not merely a result of one single mutated
gene (Mutch etal., 2005). Even though this is true, to conduct a study with a
systems-biology approach to obtain the necessary information is not always viable.
Nonetheless, investigating the SNP variations in a candidate gene is as important in order
to be able to understand the bigger picture better and to complete the multifaceted genetic

puzzle.

There are a number of candidate genes that play a role in the development of CVD
(Figure 3.1). A CVD event usually results from the interplay of multiple pathogenic
mechanisms (as discussed in Section 2.1), which each has its own set of determinants,
including environmental and underlying genetic determinants (Talmud, 2007). Any genetic
variant involved in any of these pathogenic mechanisms and metabolic pathways can

possibly result in the over- or under-production of the key proteins, which will disturb the
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homeostatic balance (Stephens & Humphries, 2003). Identifying the genes and the
genetic variants (within these genes), which are either associated with or causative of the
disorder, is important in order to establish disease risk and ultimately to give advice to
prevent CVD. Most unfavourable variants of polymorphic genes do not directly cause
CHD, but rather affect individual susceptibility (Loktionov et al., 1999). The impact of
these genetic variations is influenced by the genetic background of individuals as well as
environmental and lifestyle factors to which they are exposed, which are reported to differ
among different populations (Loktionov etal., 1999). Other challenges in identifying
genetic determinants of CVD include the phenotypic heterogeneity between individuals
and populations, gene-gene and gene-environment interactions and the role of single
genetic variants and rare genetic variants in CVD development (Kullo & Ding, 2007).

Various candidate genes have been investigated in association studies in order to
establish the role these genes play in the pathogenesis of CVD (Hegele, 2009; Jansen
et al., 2005; Mutch et al., 2005; Wang, 2005; Lusis, 2003; Stephens & Humphries, 2003;
Knoblauch et al., 2002). However, the overall effect a single genetic marker has on
disease risk is modest. CVD is more likely to occur owing to a combination of minor
genetic alterations in a number of genes that modulate risk than to a single mutation in a
single significant gene [as with familial hypercholesterolaemia (FH)], hence CVD is thought
of as a “polygenic” disorder (Stephens & Humphries, 2003).

A major breakthrough in this field occurred more recently with the introduction of various
genome-wide association studies (GWAS), which have been conducted since 2008. A
long with these discoveries, the scientific knowledge regarding important biological
implications of the pathways, mechanisms and potential therapeutic strategies involved in
lipoprotein metabolism has expanded, even though the clinical application thereof is
uncertain (Hegele, 2009). GWAS can screen large numbers of samples from various
cohorts and this mechanism has allowed a significant increase in the understanding of

complex diseases, e.g. CVD (Shelling & Ferguson, 2007).

A number of association studies and genome scans have been conducted to identify
genes contributing to CVD development, i.e. CVD risk factors (Hegele, 2009; Jansen et al.,
2005; Wang, 2005; Lusis, 2003; Stephens & Humphries, 2003). Many of these candidate
genes contribute to CVD development through pathogenic pathways other than the
lipoprotein metabolism, such as inflammation and claudication, but these pathways are not

within the scope of this dissertation (Jansen et al., 2005). These candidate genes include,
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but are not limited to, fibrinogen (FBG), factor Il Prothrombin (FIl), FV Leiden, FVII, EXIII,
PAI-1, interleukin 6 (IL6), methylene-tetrahydrofolate reductase (MTHFR), collagen, Type
[, Alphal (COL1Al) and paraoxonase 1 or PON1 (Lusis et al., 2003; Dahlbéack, 2000).

Candidate genes reported in the literature to be involved in the metabolism of lipoproteins,
include CETP, lipoprotein lipase (LPL), hepatic triglyceride lipase (HL), LDL-receptor
(LDL-R), ApoE, apolipoprotein A1 (APOAL), ATP binding cassette transporter A1 (ABCA1)
and lecithin-cholesterol acyltransferase or LCAT (Jansen et al., 2005; Mutch et al., 2005;
Lusis etal., 2003; Stephens & Humphries, 2003; Knoblauch etal., 2002). Figure 3.1
recapitulates the role of some of the key candidate genes in the development of CVD,
through each of the metabolic pathways mentioned (Stephens & Humphries, 2003).

Figure 3.1 Candidate genes contributing to CVD development

Throm’ and Fib’

ABCAl1l = ATP binding cassette transporter Al; ApoE = apolipoprotein E; FBG = fibrinogen; FIl = factor Il Prothrombin;
FV = factor V Leiden; FVII = factor VII; HL = hepatic triglyceride lipase; IL6 = interleukin 6; LCAT = lecithin-cholesterol acyltransferase;
LDL-R = low-density lipoprotein receptor; LPL = lipoprotein lipase; Lp(a) = lipoprotein (a); MTHFR = methylene-tetrahydrofolate
reductase; PAI-1 = plasminogen activator inhibitor type 1; COL1A1 = Collagen, Type |, Alphal, PON1 = paraoxonase 1; adapted from
Stephens and Humphries (2003); Lusis (2003) and Dahlb&ck (2000)

As most plasma lipids and lipoproteins are significant risk factors for CVD development,
great interest has arisen in analysing the genetics contributing to the regulation of the lipid
profile determinants and these have therefore been extensively investigated over the last
three decades (Hegele, 2009). In the mid- 1900s the bulk of the genetic basis of most

Mendelian dyslipidaemias had already been discovered and reported. FH is one of these
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monogenic diseases that result in atherosclerosis and CHD, with individuals that are
heterozygous for LDL-R mutations (the molecular root of this disorder) being common in
the general population (Caucasians), with an estimated prevalence of 1 in 500 (Jansen
et al., 2005). A family history of a chronic disease (such as FH) that was the cause of
death of a close relative is also regarded as a major risk factor for disease development
(Mackay et al., 2004). The genetic causes of less severe, yet more common variations in

lipoprotein concentrations were elusive, but have since been identified.

The overall prevalence of FH, which is the most severe lipid disorder, has been estimated
to be 1:500 worldwide (Steyn et al., 1996). Yet, a much higher prevalence of FH among
the Afrikaner population has been estimated at 1:72 (Steyn etal.,, 1996). FH has also
been reported to be present among other ethnic groups within South Africa such as Indian
and coloured individuals (Kotze et al., 1997; Kotze et al., 1995). This disease has also
been reported to be evident among black South Africans, even though to a lesser extent
(Thiart et al., 2000). The identification of founder mutations explained the 5 — 10 times
higher prevalence of FH in the Caucasian, coloured and Indian populations of South
Africa, with a polymorphism that has been noted in the promoter region of the LDL-R gene
being relatively more frequent in these populations (Hoogendijk et al., 2003). Kotze and
co-workers (1993) conducted a study among 276 FH patients and 203 controls and
reported that the deleterious effect of the ApoE polymorphism was evident in the general
population, but the added effect on the lipid profile could not be demonstrated in affected
individuals with already very high TC and LDL-C concentrations. This indicates the large
effect of high-penetrance mutations underlying this condition among the Afrikaner

population of European descent.

Heritability can be defined as the expression of the extent to which the genetic variation
among individuals, results in a proportion of phenotypic variation in a population
(Cummings, 2011; Elosua et al., 2009; Lusis, 2003). Since the 1980s, studies have been
conducted to determine the heritability of certain phenotypes (usually reported CVD risk
factors) associated with atherosclerosis (Elosua et al., 2009). Theoretically, the easiest
way to examine the heritability rates of traits is to conduct monozygotic (MZ) and dizygotic
(DZ) twin studies. MZ twins share 100% of their genes, whereas DZ twins only share half
(Lusis, 2003). If one wants to determine whether a genetic component plays a role in the
possible development of a specific disease, it is valuable to conduct studies in MZ twins,
as they are genotypically alike and must therefore share the same phenotypic components
(Lusis, 2003). If these twins do not have identical phenotypes, it can be concluded that
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their genetic material is not the only cause of the phenotype of interest and that
environmental factors have also contributed to the phenotypic outcome (Lusis, 2003).
With that said, various MZ and DZ twin studies have been conducted investigating the role
of the environment in CVD development (Lusis, 2003). Such studies merely suggest that
in most cases a good environment can overcome the influence of disease risk genes
(Lusis, 2003). Draisma et al. (2013) reported that MZ twins shared a higher proportion of
genetic variation compared to DZ twins, which contributed to the higher similarities in the
lipid profile of these MZ twins. These results support the notion that a shared genetic
background, along with similarities in age and/or a shared environment, contributes to the
similarities in the blood lipid profile of individuals (Draisma et al., 2013). The conclusion
from this recent report is in accordance with previous results reported by other twin studies
(lliadou et al., 2001; Christensen et al, 2000; Heller et al, 1994). Even though substantial
genetic correlations were reported, no single genetic factor was common to all five lipid
profile determinants (lliadou et al., 2001; Christensen et al., 2000; Heller et al., 1994).

With the focus of this dissertation being on the lipid profile, heritability estimates for the
various determinants will be discussed. Basic estimates have indicated that the
conventional risk factors for CVD, i.e. the lipid profile, explain approximately 50% of the
genetic component that causes CVD (Lusis et al., 2003). The variation of TC (as a CVD
risk factor) that could be explained by genetic determinants ranged from as low as 28.6%
(de Oliveira etal.,, 2008)to as high as 66% (Friedlander etal., 1997), with other
researchers reporting values within this range (Hegele, 2009; Pilia et al., 2006; Lusis,
2003). The heritability estimates for LDL-C ranged between 26.3% (de Oliveira et al.,
2008) and 65% (Friedlander et al., 1997), for HDL-C between 31.2% (de Oliveira et al.,
2008) and 73% (Friedlander et al., 1997) and for TG from 50 to 65% (Friedlander et al.,
1997), also with other researchers reporting values within these ranges (Hegele, 2009;
Pilia et al., 2006; Lusis, 2003).

The majority of these studies have reported 40-55% heritability estimates for the lipid
profile, supporting the argument that these phenotypic traits have strong genetic
underpinnings. Regardless of the validity of this evidence, such information should be
interpreted with care, as possible gene-environment interaction(s) could distort the
heritability estimates, which is not always taken into account within such studies (Elosua
et al., 2009).
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3.1 JUSTIFICATION FOR INVESTIGATING THE ROLE OF THE APOE GENE IN
CVD RISK DEVELOPMENT

The large effect of the ApoE gene on the lipid profile of Caucasians has been extensively
reported (Kolovou & Anagnostopoulou, 2007; Song et al., 2004; Lahoz et al., 2001; Mahley
& Rall, 2000; Miettinen et al., 1992; Davignon et al., 1988; Mahley, 1988). However, its

effect among black South Africans is not well reported and needs further investigation.

The ApoE gene is located on human chromosome 19q13.2, is 3.7 kilo-base pairs (Kb) in
length and contains three introns and four exons (Lusis et al., 1986; Hagberg et al., 2000).
It produces a 299 amino acid polypeptide (Scott et al., 1985; Rall et al., 1982), which plays
a fundamental role in the transport and metabolism of plasma cholesterol and TG
(Mahley & Huang, 1999), giving the ApoE protein its anti-atherogenic properties (Greenow
et al., 2005). ApoE also has several other anti-atherogenic roles, which will be discussed

and investigated in the sections to follow.

Since the identification of ApoE (Siest etal.,, 1995), its association with the risk of
developing CVD has been recognised (Kolovou & Anagnostopoulou, 2007; Song et al.,
2004; Lahoz et al., 2001; Mahley & Rall, 2000; Miettinen et al., 1992; Davignon et al.,
1988; Mahley, 1988). The anti-atherogenic roles of ApoE seem to be centrally involved in
most of the metabolic pathways and/or phenotypic products of the abovementioned
candidate genes. ApoE has been suggested to play additional roles in the development of
CVD related to the reverse cholesterol transport pathway; the inhibition of platelet
aggregation (e.g. HL, CETP and LCAT); allele-specific antioxidant and immune activities
(inhibiting smooth muscle cell and T-lymphocyte activation proliferation and activation,
respectively); the hepatic uptake of lipoprotein particles; influencing the hepatic VLDL
secretion and processing; activation of enzymes involved in lipoprotein metabolism,
inhibition of endothelial cell proliferation and anti-inflammatory activity (Greenow et al.,
2005; Stannard et al., 2001; Riddell et al., 1997; Bellosta etal., 1995; Shimano et al.,
1995; Davignon et al., 1988).

From the large number of candidate gene association studies that have been conducted,
the most consistent evidence has been reported for the ApoE gene (Arnett et al., 2007).
These studies could describe a large part of the genetic variance of the concentrations of
LDL-C and HDL-C on the basis of genetic alterations in a small set of genes, introducing

the possibility to use such genetic information to predict CVD risk (Arnett et al., 2007). The
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variation in disease risk of certain lipoprotein classes, as defined by specific variations in
ApoE, resulted in it being identified as one of the many genes contributing to the risk
factors of atherosclerosis and to CVD itself (Lusis et al., 2003). The genetic impact of the
most common and frequently reported ApoE genetic alterations on total plasma
cholesterol variance is hypothesised to be one of the most powerful (>8%) genetic
components in the regulation of cholesterol concentrations at population level (Davignon
et al., 1988).

The gene locus that had the greatest effect on LDL-C and ApoB variance, in a study
conducted by Talmud et al. (2009), was the ApoE cluster. It has been reported that
common polymorphisms within the ApoE gene result in modest, but significant
contributions to CHD with a greater effect on LDL-C concentrations than any other lipid
class (Hegele, 2009). The association between ApoE genotypes and LDL-C has also
been reported by GWAS (Kathiresan et al., 2008; Willer et al.,, 2008). However, the
association between the ApoE genotype and plasma lipid concentrations is complex, as it
is also influenced by age, gender, body weight, diet and physical activity (Hagberg et al.,
2000).

A meta-analysis conducted by Bennet et al. (2007) reassessed the reported association
between the ApoE genotypes and CHD risk of 203 published studies, including more than
120 000 participants. They concluded that an approximate linear and strongly positive
relationship exists between the ApoE genotypes and LDL-C concentrations and CVD risk
development. Bennet et al. (2007) reported a 20% difference in LDL-C concentrations and
a 40% variation in CHD risk across the different ApoE genotypes. The latter might imply
that CHD risk is more strongly associated with genetically determined LDL-C
concentrations and years of exposure than to a measurement of LDL-C at a single point in
time (Brown & Goldstein, 2006). A meta-analysis by Anand and co-workers (2009)
compared the effect of the ApoE variants on CHD risk and confirmed that the totality of
data presented by the former meta-analysis (Bennet et al., 2007) supports their findings
that certain genetic variations or ApoE haplotypes (g2 haplotype) lower CHD risk
compared to others (e.g. €4 haplotype) that increase risk. However, it is important to
consider the possibility that the true genetic effect may be overestimated in the

meta-analysis owing to possible publication bias (Song et al., 2004).

Various mechanistic pathways by which the ApoE gene could contribute to CVD

development via its effects on the blood lipid profile have been identified and these will be
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discussed in Section 3.2. In addition, there might also be unidentified mechanisms, which
are not yet fully understood, by which ApoE gene variations might be linked to CVD risk
(Jofre-Monseny et al., 2008; Greenow et al., 2005).

3.2 THE STRUCTURAL, MECHANISTIC AND FUNCTIONAL ASPECTS OF THE
APOE GENE

There is a surfeit of evidence that ApoE plays a functional role in the transportation and
metabolism of cholesterol (Kolovou & Anagnostopoulou, 2007; Mahley & Rall, 2000;
Miettinen et al., 1992; Mahley, 1988). Therefore, the vehicles involved in these processes

are described in greater detail with reference to Figure 3.2.

Figure 3.2 The lipid transport process via the different lipoproteins as a group

Intestinal cells form @) o
chylomicrons from dietary QOO @ 8 (@)

lipids 8:)‘/_ Intestine \
Liver cells receive
O small lipids directly

from the intestine

3a) As lipids are removed from
VLDL by the cells, it forms

smaller LDL-C

Chylomicrons deliver dietary lipids to most of 3b) LDL-Cdeliver lipids to
the cells within the body HDL-C delivers body cells or return to
cholesterol to the the liver

liver for excretion

== mmmmm———- I

1 1) E4=fast 1 L-R
| E3 = slow | :

| | :

[ =

1
Fat cell E2 = slowest R
’ t

,_
v}

O

Muscle Fat

Liver cells form VLDL, which
delivers lipids to the cells of

m mm
N WS

Muscle

\CF ,
\p 2) Liver cells
remove
GC:%% chylomicron

. remnant [ 1) the body.
As cells remove lipids freom ?hes 0y 030
from the chylomicron it blood o 0.0.
becomes a smaller 00

chylomicron remnant

A

Liver cells form HDL-C, which pick up cholesterol from
the cells within the body.

________________________________

Key: Ochylomicrons ':i:}bchylomicron remnants ® HDL-C O LDL-C LDL-R VLDL

E2 = ApoE 2 isoform; E3 = ApoE 3 isoform; E4 = ApoE 4 isoform; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density
lipoprotein cholesterol; LDL-R = low-density lipoprotein receptor; VLDL = very low-density lipoprotein; adapted from Rolfes et al. (2012)

Chylomicrons (CM), VLDL, LDL-C, HDL-C and ApoE were initially recognised as the
“arginine- (Arg) rich apoproteins” by Shore and Shore in 1973, with ApoE being
determined to be a structural component of CM and VLDLs, as well as a subclass of
HDL-C (Eichner et al., 2002; Curtiss & Boisvert, 2000). The ApoE protein is predominantly

produced by the brain and the liver, but is synthesised in a number of other body tissues,

35



CHAPTER THREE LITERATURE REVIEW

i.e. the kidneys, adrenal glands and monocytes derived from macrophages (Eichner et al.,
2002). In general, ApoE has a similar role to other apolipoproteins (or apoprotein), which
IS to maintain the overall structure of lipoproteins. ApoE is involved in the secretion of
hepatic lipoproteins and acts as a co-factor in enzymatic reactions in the blood circulation
of lipoprotein metabolism and also as a high-affinity ligand for lipoprotein receptors for
more efficient cellular lipoprotein uptake (Jofre-Monseny et al., 2008; Eichner et al., 2002).
As the function of ApoE is dictated by its structure, it is important to study the structural
changes brought about by the different ApoE genetic variants and the functionality of these
changes as it pertains to lipid metabolism (Mahley & Rall, 2000) and disease development
(Hatters et al., 2006).

As discussed in Section 3.1, the ApoE gene is one of many genes encoding for specific
proteins that have an influence on blood lipid concentrations (Stengard et al., 2002; Zerba
et al., 2000). Several SNPs are reported to exist in the ApoE gene and have been
reported to change lipid metabolism, thereby altering the serum lipid concentrations,
resulting in an altered risk of CVD (Haddy et al., 2002). The focus of the majority of the
reports is on the products of the two most common polymorphisms: rs429358 (T3%"=>C)
and rs7412 (C*>T) in exon four of the ApoE gene from which the ApoE haplotypes
(frequently referred to as the ApoE alleles) are determined (Nickerson et al., 2000).
Because of the strong LD between these common non-synonymous SNPs, the three
(rather than four) most common and frequently reported protein haplotypes are: €2, €3,
and g4 (Campalani et al., 2006; Murrell et al., 2006). However, literature generally makes
mention of the rs429358 SNP which refers to the €4 allele of the ApoE gene and the
rs7412 SNP which refers to the €2 allele. These polymorphisms have been investigated
over the last three decades and have been nominated as “the ApoE polymorphisms”
(Weisgraber, 1994).

The three common isoforms of the ApoE protein differ in their amino acid sequence at
amino acid residues 112 and 158. Arg is encoded at the two CGC codons, which match
up with nucleotides 3937 and 4075. When the first base in the CGC codon changes (a

C-T transition), it results in a TGC codon, which in turn encodes cysteine (Cys).

-|-3937 T4075

Therefore, the €2 haplotype ( ) encodes the E2 isoform (Cys'*?/Cys**®), whereas

the €3 haplotype (T***"/C*"®) encodes for the E3 isoform (Cys'*?/Arg**®) and the &4

7 1~407
C393 C05

haplotype ( ) encodes for the E4 isoform, referred to as Arg*?/Arg'*®

(Seripa et al., 2007).
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A fourth ApoE genetic variation encoded by the C3%*/T*°® haplotype (GenBank
Accession AF261279) also exists, however; this haplotype has seldom been reported in
the literature (Seripa et al., 2007; Murrell et al., 2006; Persico et al., 2004). Persico and
co-workers (2004) suggested that this allele be referred to as €3r, while Murrell et al.
(2006) suggested that this allele be referred to as €1y, with the addition of the “y” for
Yoruba, in order to differentiate between the other E1 proteins previously defined.
However, seeing that the €1 allele encodes for the E1 isoform (Asp*?’/Cys™®®) also known
as the “Weisgraber allele”, the former suggested name, €3r, is preferred because it
encodes for the ApoE3r isoform that is positively charged and has identical physical
characteristics to the ApoE3 isoform, only with the Cys and Arg exchanged
(ApoE3r = Arg'*?/Cys™®) and this nomenclature will, therefore, be used throughout this

dissertation.

The €3r allele was first reported by Persico and co-workers in 2004, who investigated the
enhanced Apoeg2 transmission rates in families with autistic probands. An autistic child
(male) and his mother presented with unexpected restriction fragment sizes [at base pairs
(bp) 33, 48, 72, 81 and 91] and from subsequent DNA sequencing, this (novel) SNP (&3r)
was discovered. The €3r haplotype has been observed in two ethnic groups: three
Caucasian families from lItaly (Seripa et al., 2007; Persico et al., 2004) and one Yoruba

family from Nigeria (Murrell et al., 2006).

These (common three) haplotypes are co-dominantly inherited and, therefore, six ApoE
genotypes can possibly arise (€2/€2, €2/€3, €3/€3, €3/€4, €4/e4, €2/¢4), which are also the
most common and frequently reported variations within the ApoE gene (Zannis et al.,
1982). In the possible presence of the fourth haplotype (e3r), additional genotypes are
possible i.e. €3r/e3r, €2/€3r, €3/€3r, €4/€3r.

The association of these haplotypes with disease risk has been extensively investigated
(Hegele, 2009; Campalani etal., 2006; Murrell etal.,, 2006; Nickerson etal., 2000;
Weisgraber, 1994). These analyses revealed that for each haplotype, different functional
consequences can arise. The different amino acids lead to structural alterations that have
an impact on the functioning of the protein. The substitution of an Arg by a Cys at position
158 in ApoE2 affects a key salt-bridge arrangement in ApoE3 and ApoEZ2, resulting in a
150

different position of Arg
LDL-R (Dong et al., 1996). This ultimately results in a 50-100-fold weaker binding affinity

(Figure 3.3), which alters its ability to interact effectively with
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of the protein to LDL-R when it is located on the cell surface (Innerarity et al., 1984,
Weisgraber et al., 1982).

As a result of the weak binding affinity, individuals that are homozygous for the Apoe2
haplotype sometimes develop type Il hyperlipoproteinaemia (HLP), also reported as
dysbetalipoproteinaemia. Since homozygosity for the €2 haplotype is the primary causal
molecular mechanism of developing HLP, HLP can be considered to be a recessive form
of FH (Mahley & Rall, 2000). The €2/e2 genotype only occurs in 1% of the global
population and since other secondary factors are also at play, less than 5% of the
individuals with this rare genotype will ultimately develop HLP (Kolovou &
Anagnostopoulou, 2007; Mahley & Rall, 2000). For type Il HLP to be evident, it requires
the homozygosity for the Apoe2 alleles together with secondary factors that cause the
sudden development of the disorder (Mahley & Rall, 2000). Such secondary factors
include genetic factors i.e. monogenic or polygenic gene interactions, hormonal factors
(oestrogen being the most significant effect by increasing LDL-R levels and lipolytic
activity) and environmental factors such as obesity due to excess dietary intake (Mahley &
Rall, 2000). The lipoprotein profile of individuals with HLP is distinctly characterised by the
presence of abnormal lipoproteins i.e. elevated cholesterol or lipid concentrations
attributed to beta very low density lipoprotein (B-VLDL), but slightly lower HDL-C and
LDL-C concentrations (Mahley & Rall, 2000). These B-VLDL particles are not only
cholesterol-enriched remnants, but are also ApoE enriched (Mahley & Rall, 2000).
Individuals carrying the €2/e2 haplotype-genotype that do not develop HLP (>90%), are
either normolipidaemic or hypolipidaemic owing to the lower HDL-C and LDL-C

concentrations.

In the ApoE3 isoform, Arg*®® forms a salt-bridge with Asp'®*, which adds little to the
structural variation and is therefore reported as the standard isoform. For the ApoE2

isoform, the salt-bridge structure is formed between Asp** and Arg™®

(as represented by
the broken lines illustrated in Figure 3.3). Since the ApoE2 salt-bridge lies within the
LDL-R-binding region, this changes its conformation and properties. The ApoE3 and E2
isoforms are inclined to bind to HDL-C, which is a smaller and more phospholipid-enriched
lipoprotein particle compared to the E4, which is prone to bind to VLDL, which is a larger
and TG-enriched lipoprotein particle (Mahley & Rall, 2000). Therefore, individuals with the
ApoE4 isoform tend to have raised TC, LDL-C and apolipoprotein B (ApoB) concentrations

and are more prone to develop CVD (Kolovou etal.,, 2003; Braeckman et al., 1996;
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Muros & Rodréguez-Ferrer, 1996; Luc et al.,, 1994; Davignon et al., 1985). A possible
underlying mechanism that can explain the above-mentioned involves the down-regulation
of LDL-R, which will be explained in the paragraphs below; however, further research is
required to elucidate the full mechanism at play (Mahley & Rall, 2000).

Figure 3.3 Influence of amino acid position 158 on LDL-R-binding activity

LDL-receptor-
binding affinity: High Low High

ApoE3 ApoE2 Asp154—Ala ApoE2

T Cys158 ‘ Jemcystss
l Ala154

L\ i k Asp154 R

Asp154

7

i

A

o | v

e v .
)

) > >

Arg = arginine; Asp = aspartic acid; Cys = cysteine; LDL = low-density lipoprotein; reprinted from TRENDS in Biochemical Sciences,
Vol 31/no. 8, Hatters et al., Apolipoprotein E structure: insights into function, 445-454., Copyright (2006), with permission from Elsevier.

Arg150 Arg150

Arg150

4

¢
-
\fé

3,

—

—

Yo

ApoE has been suggested to have additional effects on the development of CVD, other
than influencing the lipid metabolism, as discussed in Section 3.1 and 3.2. However, as
lipid metabolism forms an integral part of the present study, this will be the primary focus
of the discussions ahead.

Four mechanisms are suggested by which the isoforms of ApoE influence lipid metabolism
(Kolovou & Anagnostopoulou, 2007). The proposed mechanisms include the differences
in the clearance rate of lipoproteins, i.e. LDL-C and CM (Gylling etal.,, 1995),
receptor-binding affinities of the different ApoE-containing lipoproteins (Mahley et al.,
1999; Mahley, 1988), efficiency of intestinal cholesterol absorption through LDL-C
formation and LDL-R regulation (Miettinen etal., 1992) and dietary fat clearance
(Weintraub et al., 1987).

One of the mechanisms influencing lipid metabolism is the manner in which the ApoE

isoform influences CM clearance (the rate of exogenous fat removal). Weintraub et al.
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(1987) revealed that ApoE4 carriers clear CM remnants in the liver faster than E3/E3
carriers and twice as fast as E3/E2 carriers, since the E4 isoform does not contain a Cys
residue [Figure 3.2: (1)]. This results in the ApoE4 isoform being unable to form disulphide
bonds with other proteins, causing the ApoE4 isoform to shift to CMs from HDL-C faster
than the other isoforms and thus maintaining low TG concentrations. Moreover, the slow
hepatic CM remnant clearance rate by the ApoE2 isoforms can be ascribed to its defective
binding ability to the hepatic CM remnant receptors, indicated as the process described at
(2) in Figure 3.2, which is, therefore, associated with a delayed catabolism of CM and
VLDL remnants leading to elevated TG concentrations (Davignon et al., 1988; Weisgraber
et al., 1982). Ehnholm et al. (1984) documented that the presence of the ApoE2 isoform in
VLDL particles weakens the conversion between VLDL and intermediate density
lipoprotein to LDL-C by a possible indirect influence of the hydrolytic activity of lipoprotein
lipase [Figure 3.2 (3a)]. Another hypothesis by Weintraub etal. (1987) is based on
cholesterol and collective fatty acids in the liver, which is also the foremost site where
LDL-C removal takes place. The rate of removal of the endogenous fat-containing
particles by the liver can be influenced by the hepatic CM clearance rate. Therefore, a
further mechanism lies at the level of LDL-R regulation, which, along with LDL-C
conversion, is the third and fourth mechanisms that can be grouped and discussed
together as various explanations arise for the (interrelated) pathophysiology of these

mechanisms.

The basis for the reduced LDL-C concentrations in the plasma of ApoE2 carriers is less
clear. Furthermore, ApoE is not a component of the LDL-C particle, suggesting an indirect
influence on LDL-C concentrations. In the fasting state, most plasma ApoE is a
component of HDL-C, but it shifts to postprandial particles after fat ingestion (Blum, 1982).
ApoE2 isoforms have the greatest stability and the least formation of intermediates, while
ApoE4 isoform has an opposite effect, forming a typical melted belt-like configuration,
compiled from the helices of ApoE, which wrap around the acyl chains of a bilayer of
phospholipids (Hatters et al., 2006; Greenow et al., 2005). It is thought that the differences
in ApoE protein folding and the different stabilities explain the discrepancy in the
lipoprotein binding preferences (Hatters et al., 2006), with ApoE4 binding preferably to
larger lipid-rich lipoproteins (VLDL and LDL-C) and ApoE2 and ApoE3 preferring smaller
lipoproteins such as HDL-C (Minihane et al., 2007). Therefore, this mechanism has been
suggested to be largely responsible for the moderate increases (18%) in LDL-C observed
in ApoE4 carriers (Minihane et al., 2007). The slower hepatic clearance of dietary fat in

ApoE2/E3 carriers could result in the up-regulation of LDL-R and lead to decreased
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plasma LDL-C concentrations as an outcome, indicated as (3b) in Figure 3.2 (Weintraub
et al., 1987). However, ApoE4 carriers are at greater risk of developing CVD, as indicated
in previous sections, since these carriers’ hepatic clearance of dietary fat is faster, possibly
resulting in the down-regulation of LDL-R, which in turn results in increased LDL-C
concentrations. Another possible explanation for the LDL-C raising effect of the Apog4
haplotype has been proposed by Bergeron and Havel (1996). This research group
hypothesised that the receptor-binding activity of the ApoE4 isoform decreased in
response to its over-accumulation on the VLDL and CM remnants, resulting in prolonged
dwelling time of these lipoproteins in the circulatory system, which ultimately led to these

particles being converted to LDL-C.

In addition, the ApoE protein is one of the many proteins involved in the process of
cholesterol absorption. Cholesterol absorption and synthesis are inversely correlated and
the cholesterol synthesis therefore increases as the cholesterol absorption efficiency
decreases (Moreno et al., 2006; Mattes, 2005). Therefore, €2 carriers present with higher
hepatic cholesterol synthesis and lower intestinal cholesterol absorption than €4 carriers,
with the €3 carriers reported to be in between those of the €2 and €4 carriers (Gylling et al.,
1995; Miettinen etal., 1992; Kesaniemi & Miettinen, 1987). According to a study
conducted by Miettinen etal. (1992), which investigated the effect of different
fat-containing diets (37% and 64% reduced fat) on the cholesterol absorption association

with the ApoE phenotype, no effect was reported.

The previous section indicated how ApoE genetic variations can influence the mechanistic
role of the ApoE isoforms in lipid transport and metabolism, resulting in altered circulatory
lipoprotein concentrations. These alterations could be beneficial or detrimental in terms of
the risk they pose to the development of CVD. The following section will discuss the
genetic variants in the ApoE gene that have been reported to influence the concentration

of i.e. plasma ApoE protein, as well as other CVD risk biomarkers such as the lipid profile.

3.3 GENETIC VARIANTS IN THE APOE GENE

The ApoE gene is polymorphic, as numerous genetic variants have been identified in
various ethnic groups (Nickerson et al., 2000). However, as mentioned in Section 3.2,
most of the genetic variation within a number of populations is attributed to the two
common polymorphisms (rs429358 and rs7412) alone resulting in the three well-reported

haplotypes (€2, €3 and €4), which are the focus of most studies. Generally, the €2
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haplotype is associated with a lower concentration of LDL-C, but with higher TG and
HDL-C concentrations, while the €4 haplotype is associated with a higher concentration of
TC and LDL-C and increased susceptibility to CHD (Ye etal.,, 2003). The following
discussion will refer to studies that have investigated the rs429358 and rs7412 loci

individually.

Silander et al. (2008) reported that the CC genotype group of the rs7412 SNP was
associated with increased LDL-C concentrations (p<0.01) and the the TT genotype group
of the rs429358 variant was associated with elevated CRP concentrations, (p<0.01)
among a Finnish cohort. Genetic variants previously associated with fasting blood lipids,
in an American population (non-Hispanic Caucasian group, non-Hispanic black group and
Mexican-American group) have been investigated by Chang etal. (2010). For the
non-Hispanic black group, rs7412 was strongly associated with both LDL-C and TC
concentrations (p<0.0001), whereas both ApoE rs7412 and rs429358 were significantly
associated (p<0.05) with LDL-C and TC in the Mexican Americans (Chang et al., 2010).

Additional SNPs in the ApoE gene have also been reported to influence the concentration
of plasma ApoE protein and consequently the lipid profile, albeit to a more limited extent
than the two major variants (Geng et al., 2011; Abboud et al., 2008; Viiri et al., 2008; Viiri
et al., 2005; Moreno et al., 2003; Lambert et al., 2000; Artiga et al., 1998). The following
section will discuss the role of these SNPs that have not been investigated as well as the

“epsilons” in CVD pathogenesis.

3.4 ADDITIONAL SINGLE NUCLEOTIDE POLYMORPHISMS IN THE APOE
GENE

Nickerson and co-workers (2000) were one of the first research groups to conduct a
systematic investigation of other variations in the ApoE gene, as little attention had been
paid to characterise polymorphisms in the promoter region, as well as other regions of the
gene. To extend the data over the most studied and reported ApoE genotypes, the
(additional) genetic variants (SNPs), with the following reference sequence (rs) numbers
will be investigated in the present study: rs440446, rs405509, rs1081101, rs769449 and
rs769452, as summarised in Table 3.1. Therefore, discussions that follow will be focused
on these SNPs, specifically. Some of the investigated SNPs, which were determined by
sequencing the participants in the current study, were included without any prior clinical
hypothesis’ and, therefore, with no identified literature (rs1081101) or with scant literature

42



CHAPTER THREE LITERATURE REVIEW

available (rs769452). The inclusion of these SNPs in the study, regardless of the lack of
scientific evidence, is justified in Section 4.3.3, which also addresses one of the objectives
of the current study to determine whether an association between these SNPs and the
lipid profile exists in a black South African population. The lack of literature for such SNPs
might be due to researchers observing no association between the SNP and the lipid
profile and, therefore, being unable to publish their results (publication bias), or conducting
poorly designed studies with inadequate sample sizes and consequently rejecting the null
hypothesis when it is in fact true (type 1 error) or observing real, but weak results
(Kathiresan et al., 2008; Paré et al., 2007).

The -219G/T (rs405509) and +113G/C (rs440446) polymorphisms in the proximal
promoter region of the ApoE gene were identified for the first time in 1996 by Mui and
co-workers and were described and investigated by a number of studies thereafter (Geng
et al., 2011; Abboud et al., 2008; Viiri et al., 2008; Viiri et al., 2005; Moreno et al., 2003;
Lambert et al.,, 2000; Artiga et al., 1998). The ApoE promoter polymorphism -291G/T
(rs405509), has been indicated by both in vitro and in vivo studies to produce variance in
the transcriptional activity of the ApoE gene (Lambert et al., 2000; Artiga et al., 1998).
More specifically, the G-allele has a higher transcriptional activity than the T-alllele,
possibly as a result of the differential binding of nuclear proteins (Artiga et al., 1998). This
polymorphism has been associated with the incidence of various CVD risk biomarkers and
CVD development (Table 3.1).

The study by Viitanen et al. (2001) indicated that both the rs405509 promoter SNP and the
€2/€3/e4 polymorphisms of the ApoE gene are associated with early-onset CHD, which has
been reported by other researchers as well (Ye et al., 2003; Lambert et al., 2000). Since
the T-allele of the rs405509 promoter polymorphism and the €4 haplotype were reported to
influence two-hour glucose concentration in an oral glucose tolerance test, this may
indicate that insulin resistance is an additional mechanism that is affected, which could
explain increased risk of CHD in those harbouring the T-allele of the rs405509 and the €4
haplotype of the ApoE gene polymorphisms. Therefore, the T-allele of the rs405509 has
been reported to be associated with Ml and premature CHD (Viitanen et al., 2001; Lambert
et al., 2000).

The role of the ApoE promoter polymorphisms -219G/T (rs405509) and +113G/C
(rs440446) in IS or cerebral atherosclerosis was studied for the first time by Abboud et al.

(2008) and the results suggest that G-allele carriers at both polymorphic loci are at an
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increased risk of IS, most likely independently of the ApoE €2/e3/e4 haplotypes. Functional
studies on Finns revealed differences in the transcriptional activity of various ApoE
+113G/C (rs440446) alleles (Viiri et al., 2008), demonstrating an association with serum

lipid concentrations in men (Viiri et al., 2005).

The ApoE rs769449 polymorphism, on the other hand, has been associated with fewer
CVD risk markers (Table 3.1). Soerensen et al. (2012) reported that the frequency of the
rs769449 SNP was significantly decreased in the eldest study participants, which indicates
a disadvantageous effect on survival. However, rs769449 is in modest LD with rs429358
and, therefore, this association was removed when adjusting for rs429358. This indicates
that this association is expected to reflect the well-known effect of rs429358 (Soerensen
et al., 2012).

The rs769452 variant is referred to as “€4(-)", because it is slightly more acidic than €4
(rs429358) and has a substitution at position number 28 in the protein from leucine to
proline, CTG-to-CCG (Minihane et al., 2007). Limited reports are available on the clinical
effect pertaining to rs769452 (Wieland et al.,, 1991). Wieland et al. (1991) conducted a
study among German-Caucasian subjects and identified a €4 variant, at rs769452 in the

ApoE gene, which was not associated with elevated blood lipid concentrations.

Table 3.1 Associations between the (additional) genetic variants and the risk
factor and incidence rate of CVD

Study design
Study population’s Ass_ociation Ass_,ociation Other risk biomarkers Citation
health status with CVD with Apo (p-value)
(#cases;#controls)
rs440446
Multicentric Belgian case- .
control study. Middle-aged T(rlil(() c())fll)S - - Abtzgggse)t al.
patients with IS (237; 326) p=v.
Case-cohort study on the
two large FINRISK 92 . 1 TG (p<0.01) among G-allele Silander et al.
cohort (5,999) and carriers (2008)
FINRISK 97 cohort (8,141)
Ra%%";:zgﬁhcfgtﬁi’r']'gget”a' | TC (p=0.05) Andreotti et al.
subjects | LDL-C (p=0.04) (2009)
1 Insulin (mIU/L) among CC carriers Komurcu-
Prospective study 1774 . (p=0.02) Bavrak et al
adults in the TARF Study 1t HOMA index among CC carriers y ’
(p=0.01) (2011)

*ANOVA; $ = direction of difference not reported; Apo = apolipoprotein; AU = arbitrary unit; CHD = coronary heart disease;
CHO = carbohydrates, CRP = C-reactive protein; ECTIM = Etude Cas-Témoin de I'Infarctus du Myocarde; FINRISK = surveys carried
out every 5 years to assess the prevalence and risk factors of CVD in Finland; GWAS = genome-wide association study;
HOMA = homeostatic model assessment; IS = ischaemic stroke; LD =linkage disequilibrium; LDL-C = low-density lipoprotein
cholesterol; Ml = myocardial Infarction; MUFA= mono unsaturated fatty acids; OGTT = oral glucose tolerance test; SFA = saturated fatty
acids; SNPs = TARF = Turkish Adult Risk Factor; TC = total cholesterol; TG = triacylglycerol or triglyceride; TRL= triacylglycerol-rich
lipoprotein; WGHS = Women’s Genome Health Study; WHR = waist-to-hip-ratio
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Associations between the (additional) genetic variants and
the risk factor and incidence rate of CVD

Study design
Study population’s IAssociation | Association Other risk biomarkers Citation
health status with CVD with Apo (p-value)
(#cases;#controls)
rs405509
Case-control ECTIM Study | 1 risk of MI | ApoE Lambert et al.
MI patients (567; 678) (p<0.003) (p<0.01) (2000)
Familial case-control 1 WHR (p=0.01%) .
Premature CHD within --- (l :‘g%’g}) 1 glucose - 2 hour fasting (p=0.007*) Vllte(lgggle)t al.
Finish families (118; 110) p=0- 1 Insulin 2 hour fasting (p=0.06*)
TTrgﬁnc;gge TT genotype carriers have
Postprandial clinical trial ?h Ip " higher postprandial response of:
(vitamin A fat loading diet) vt large TRL-TG (p=0.03), Moreno et al.
51 healthy male student P ol of large TRL-RP (p=0.04) and (2003)
volunteers (Spanish) serum ApoE small TRL-apoB48 (p=0.05)
(p=0.05) compared to the G-allele carriers
Cross-sectional 1170 + Disease
patients with severity LD with €4 (p<0.001) Ye et al. (2003)
Angiographically (p=0.004)
documented CHD p=0-
AGre;ter Tin TT subjects had a
po amfotrkl]g shorter lag time (before propagation
C?Z:Fe?e there of the LDL-C oxidation reaction) after
the SFA diet the SFA diet (p<0.05) compared with
e dlte carriers of the G allele,
compacr;‘ee 0 A greater 1 in lag time inthe TT
?ri ) subjects occurred (compared with G-
o ] ) cao 853 allelel carriers) after the
C“f‘"g’“ tglglA@dAeéar)t/ (p<0.05). replacement of the SFA diet by the
perioas: -fich dietg, CHO or MUFA (p<0.05).
MUFA-rich diet and a Greater | in ® ) Morgc])%f)t o
CHO-rich diet) 55 healthy ApoB among | Greater 1 in LDL-C among carriers of
male volunteers (Spanish) carriers of the the T allele after the SFA diet
T allele compared to the GG carriers (p<0.05).
(co_rtr;]pgrgd Greater | in
with LDL-C among
carrlers). carriers of the T allele (compared
a;fter cEanglng with GG carriers)
rton:ht %agA after changing from the SFA to the
o e CHO diet (p<0.05).
diet (p<0.05).
Case control study
involving 884 individuals
from 142 families as well ApoB*
as 558 case and control concgntration Paré et al.
subjects from north-eastern s (p=0.02) (2007)
Quebec, investigated 1,536 p=0.
SNPs in 103 candidate
genes for CHD
Multicentric Belgian case- .
control study. Middle-aged T(nil(() %fll)s Abb(gggg)t al.
patients with IS (237; 326) p=0.
_ 1 ApoE 1 Isulin (mIU/L)_among TT carriers Komurcu-
Prospective study 1774 among GG (p=0.03) Bavrak et al
adults in the TARF Study carriers 1t HOMA index among TT carriers ayz?)li al
(p=0.07) (p=0.04) (oth)

*ANOVA; $ = direction of difference not reported; Apo = apolipoprotein; AU = arbitrary unit; CHD = coronary heart disease;
CHO = carbohydrates, CRP = C-reactive protein; ECTIM = Etude Cas-Témoin de I'Infarctus du Myocarde; FINRISK = surveys carried
out every 5 years to assess the prevalence and risk factors of CVD in Finland; GWAS = genome-wide association study;
HOMA = homeostatic model assessment; IS = ischaemic stroke; LD =linkage disequilibrium; LDL-C = low-density lipoprotein
cholesterol; Ml = myocardial Infarction; MUFA= mono unsaturated fatty acids; OGTT = oral glucose tolerance test; SFA = saturated fatty
acids; SNPs = TARF = Turkish Adult Risk Factor; TC = total cholesterol; TG = triacylglycerol or triglyceride; TRL= triacylglycerol-rich
lipoprotein; WGHS = Women’s Genome Health Study; WHR = waist-to-hip-ratio

45



CHAPTER THREE LITERATURE REVIEW

Table 3.1 (continue) Associations between the (additional) genetic variants and

the risk factor and incidence rate of CVD

study desian IAssociation | Association Other risk biomarkers Citation
y 9 with CVD with Apo (p-value)
rs769449
GWAS: 6,382 Caucasian A8 7 Chasman et al.
women LDL-C” (p=4.7 x 10™) (2008)
GWAS: 6,345 apparently .
healthy women in the e | CRP® (p=8.90 x 10%%) Ridker et al.
WGHS (2008)
GWAS: 17,686
! RP .
apparently healthy N ( _5lgg X 10.57) Danik et al.
Caucasian women in the _p—. ) (2009)
WGHS | Fibrinogen (p=0.25)

*ANOVA; $ = direction of difference not reported; Apo = apolipoprotein; AU = arbitrary unit; CHD = coronary heart disease;
CHO = carbohydrates, CRP = C-reactive protein; ECTIM = Etude Cas-Témoin de I'Infarctus du Myocarde; FINRISK = surveys carried
out every 5 years to assess the prevalence and risk factors of CVD in Finland; GWAS = genome-wide association study;
HOMA = homeostatic model assessment; IS = ischaemic stroke; LD =linkage disequilibrium; LDL-C = low-density lipoprotein
cholesterol; MI = myocardial Infarction; MUFA= mono unsaturated fatty acids; OGTT = oral glucose tolerance test; SFA = saturated fatty
acids; SNPs = TARF = Turkish Adult Risk Factor; TC = total cholesterol; TG = triacylglycerol or triglyceride; TRL= triacylglycerol-rich
lipoprotein; WGHS = Women’s Genome Health Study; WHR = waist-to-hip-ratio

Being knowledgeable about the reported associations between various genetic variations
in the ApoE gene with risk biomarkers is fundamental to the present study. However, it is
also important to be aware of the evolutionary path that has been hypothesised for the
ApoE gene, as well as its possible associations or interactions with environmental factors.

These aspects will be addressed in the following sections.

3.5 THE ANTHROPOLOGY OF THE APOE GENE

Evolutionists have suggested the theory entitled the “Apoe4 ancestral allele theory”
because non-human primates harbour the Apog4 haplotype (Hanlon & Rubinsztein, 1995).
According to this theory the Apoe3 and Apoeg2 haplotypes were produced by mutation
events that later spread among humans after the human and chimpanzee ancestry split.
Consequently, the present allele distribution may also have taken place as a result of
natural selection, since many functional property differences occur among these three
haplotypes. Based on the analysis conducted by Corbo and Scacchi (1999), the Apoe3

haplotype is probably the most prevalent haplotype in all human populations.

According to Gerdes et al. (1996), the Apoe3 frequencies are the highest in populations
that have historically and habitually performed agricultural activities. It has been
hypothesised that the metabolic properties of the E3 isoform were particularly
advantageous during the food collection to food production transition (Corbo &
Scacchi, 1999). Some populations are characterised by an unusually high frequency of
the Apoed4 haplotype, which has been cautiously recognised to be a possible effect of

positive selection and its increased prevalence giving an advantage in the
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non-westernised environment. In addition, the ApoE gene has been characterised as a
“thrifty gene” because of its role in lipid metabolism and transport and, because the Apog4

haplotype can be considered as a “thrifty allele” (Corbo & Scacchi, 1999).

The “thrifty genotype” hypothesis is defined as an original genetic trait that was
advantageous in the past, but became maladaptive (disadvantageous) with the onset of
the Westernised abundant diet (Gluckman & Hanson, 2004; Neel, 1962), thus creating a
mismatch. This hypothesis could explain why various chronic diseases are becoming

increasingly common in developed countries (Williams & Nesse, 1991).

One of the reasons why the €4 haplotype is considered a “thrifty allele” is that it provides
advantages in harsh environments (when diets are low in cholesterol as experienced in
some pre-urbanised populations) in that Apoe4 could help in rebalancing cholesterol
concentrations by enhancing intestinal cholesterol absorption in situations where it would
otherwise have been too low (Scacchi et al., 1997). However, when carriers of the Apoe4
haplotype are exposed to an overabundance of food, such as experienced currently in
Westernised populations, it increases their susceptibility to developing CHD and thus
these “thrifty” haplotypes become disadvantageous (Corbo & Scacchi, 1999). CVD is rare
in some developing countries even though the prevalence of the Apoe4 is most frequent
(Corbo & Scacchi, 1999), but because of urbanisation one should expect an imminent
CVD epidemic in these countries as the lifestyle habits of the indigenous population turn
from their traditional to a more Westernised lifestyle.  Therefore, owing to the
anti-atherogenic role of ApoE in lipid metabolism and transport, it is important to
investigate the role of genetic variations in this gene on the lipid profile of black (South)
Africans (refer to Section 2.1.2) on the edge of a CVD epidemic due to westernisation.
Previous studies investigating ApoE and its genetic determinants in Africans (Loktionov
et al., 1999; Murrell et al., 2006) had limited statistical power and thus there is a need for a

study with adequate power to be conducted in an African population.

When comparing the €4 haplotype to the €2 haplotype, the functional properties of the
latter do not seem to offer advantages in any environment (Corbo & Scacchi, 1999).
Scarce and scattered data of the €2 haplotype are available and it seems as though the
distribution thereof is not as common as that of the Apoe3 haplotype. Its absence can be
traced back to the North-east Asian travellers that peopled the Americas and even now,

the €2 haplotype remains rare among various ethnic groups (Corbo & Scacchi, 1999).
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Considering the aforementioned, the necessity of studies conducted in different
(urbanising) populations should be highlighted, as they may offer important (additional)
insights. Even though the reasons for this variation in (CVD) risk among the various
populations remain unknown, there may be genetic or environmental modifiers of the
ApoE gene (Burchard et al., 2003; Hagberg et al., 2000).

3.6 ASSOCIATIONS AND INTERACTIONS BETWEEN APOE GENETIC
VARIANTS WITH OTHER ENVIRONMENTAL AND PHENOTYPIC TRAITS IN
RELATION TO CVD

The Apoe4 haplotype is associated with a 42% increased risk of CVD (Song et al., 2004).
Considering the global CVD burden and the associated role ApoE plays in the
development of CVD, a reduction in the CVD burden associated with ApoE genotypes

would be of broad public health benefit (Jofre-Monseny et al., 2008).

By just focusing on molecular genetics, one disregards the dynamic nature of populations
with their complex relationships between genes, organisms and environments. Although
clinical expression may differ between ethnic groups the identification of genetic risk
factors provide information on both current risk (elevated lipid concentrations in the
presence of variation in the ApoE gene) and future risk (desirable lipid concentrations, but
may be hyper-responsive to relevant environmental influences in future). Gene-gene and
gene-environment interactions are capable of reducing the effect of a variant, since some
genes can control the expression of other genes or influence the structure or function of
the protein product encoded, whereas an advantageous environment can change the
health effect of an original (disadvantageous) genetic trait (Lanktree et al., 2009; Stephens
& Humphries, 2003). Therefore, for individuals harbouring any disadvantageous genetic
trait, it is important to establish modifiable lifestyle factors that may reduce their risk of
developing CVD, i.e. smoking habits and total dietary fat intake, as well as the distribution
of the different dietary lipid classes. Since the last mentioned factors are modifiable
determinants, it could give the individuals carrying the disadvantageous genetic variant the
possible opportunity to decrease CVD risk.

It has been suggested that individuals carrying the €4 genotype are responsive to altered
environmental factors (diet, smoking status, alcohol consumption and physical activity) as
an approach to reduce the increased risk of CVD (Haan & Mayeda, 2010; Jofre-Monseny
et al., 2008). It is important to establish whether there are interactions between genetic

variants and the environment, since the latter is modifiable and can be used to reduce
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disease susceptibility. Therefore, one of the objectives of this dissertation was to establish
possible gene-environment interaction effects, since the results could provide a scientific
reason for individuals carrying disadvantaged genetic variants to decrease their CVD risk.
However, it is important to highlight the fact that the €4 allele is not only a risk factor for

CVD alone, but also for Alzheimer's disease (Martin et al., 2000).

Humphries et al. (2001) investigated whether the effect of the ApoE genotype on CVD risk
would be worsened by tobacco use and reported increased risk in male carriers of the €4
haplotype (smoking-genotype interaction) even after adjusting for possible confounders
(such as increased BMI, blood pressure, fibrinogen, cholesterol etc.). It is important to
note that the reported results are only applicable to a specific age group (middle-aged), as
it is possible that a different effect may be observed among younger or older men
(Humphries etal., 2001). Furthermore, a strong genotype-smoking interaction was
determined with respect to the fat area in the abdominal aorta for the two transcriptional
polymorphisms i.e. rs440446 (p = 0.003) and rs405509 (p = 0.01) by Viiri et al. (2008).

Inconsistency exists regarding the alcohol-ApoE genotype-CVD association. Corella et al.
(2001a) articulated that the ApoE genotype does not have an influence on LDL-C in male
abstainers, but for drinkers, the ApoE genotype was associated with differing LDL-C
concentrations (Apoe2<Apoe3<Apoe4). On the contrary, Corella et al. (2001b) reported
that drinking alcohol lowered LDL-C in Apoe4 carriers, but increased LDL-C in Apos2
carriers. The increase in HDL-C associated with alcohol consumption is stronger among
individuals without the Apoe4 haplotype than those with the haplotype (Djoussé et al.,
2004).

The link between dyslipidaemia and obesity is well recognised in literature; however,
whether ApoE influences and contributes to obesity is not clear (Alvim etal., 2010).
According to Alvim etal. (2010), obese subjects (from a general population) with a
BMI = 30 kg/m? were more likely to harbour the €4 haplotype than the €2 haplotype.
Kolovou et al. (2009) reported that the occurrence of obesity in CHD patients was also
higher in the Apoe4 haplotype carriers than in the Apoe2 counterparts; however,
Liberopoulos etal. (2004) did not report such an association. Because of the
inconsistency of the studies conducted to date and the lack of knowledge regarding the

underlying mechanism, future research is needed to draw a valid conclusion.
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Gene-nutrient interactions involved in the development of atherosclerosis are being
studied; however, the exact mechanisms are unknown (Kolovou & Anagnostopoulou,
2007). Data indicate that the higher LDL-C concentrations observed in subjects carrying
the Apoe4 haplotype are primarily apparent in the presence of an atherogenic diet and that
the response to dietary SFA and cholesterol may differ among individuals with different
ApoE phenotypes. Therefore, individuals carrying the Apoe4 haplotype have been
determined to respond best to reduced SFA, total fat and cholesterol intake regimes
(Minihane et al., 2007). Many studies have been conducted to prove this hypothesis.
Some investigators reported greater plasma lipid responses in subjects carrying the Apoe4
haplotype, whereas others failed to find significant associations between ApoE genotype
and plasma lipid response (Corella & Ordovas, 2005). These differences could be due to
the discrepancies observed in the following variables: gender, age and baseline lipid
concentrations, which are all reported to play an important role in the variability of dietary
response. Little research has focussed on the association between the ApoE gene
alterations and environmental factors leading to CVD risk development in a (black) South
African population. Therefore, it is important to investigate the gene-nutrient (ApoE-dietary

fat) interaction in the African population under investigation.

To conclude, the present study will be investigating the effect of gene-environment
interactions on the lipid profile in order to establish whether a genetic factor plays a
significant role in CVD development. This will be with the intention of possibly adding
genetic risk factors to the well-known and existing list of CVD risk factors to support the
notion that genetic factors might contribute to or modify the means of disease identification
and prevention. Furthermore, the studies conducted on the African population only
investigated the role of the well-reported epsilons in the ApoE gene and did not investigate
the possible role of other and novel SNPs present in the ApoE gene, which the present

study intends to investigate.

50



CHAPTER FOUR

Materials and methods

This chapter describes the recruitment and characteristics of the subjects included in this
study, as well as the experimental methods used. The student contributed during the data
collection phase of the South African arm of the PURE study along with other members of
the PURE research team. However, some of the data collection and biochemical analyses
of the blood samples obtained were finalised prior to the commencement of the
investigation of the role of the ApoE gene on the lipid profile of the black South African
population that was studied. Detailed discussions on the materials and methods applied to
obtain the anthropometric, biochemical, clinical, demographic and nutritional
measurements, of relevance to the present study, are provided in Addendum A of this
dissertation. For the ApoE analysis in particular, the student was involved in the
deoxyribonucleic acid (DNA) isolation, SNP selection and genotyping of the DNA samples

obtained, statistical analysis of the data and the interpretation thereof.

4.1 PROSPECTIVE URBAN AND RURAL EPIDEMIOLOGICAL STUDY

The current study is a cross-sectional epidemiological study of the baseline cohort of black
South African individuals, randomly selected from specific rural and urban areas within the
12-year multi-centre international PURE parent study. The data presented in this
dissertation include data collected during the baseline of the parent study in 2005 in the
North West Province, South Africa (Teo et al., 2009).

4.1.1 Aim of the study

The main aim of the present dissertation was to investigate the effect of identified SNPs in
the ApoE gene on the lipid profile of black South Africans. This population is currently
undergoing a transition from rural to urban areas. To investigate whether urbanisation and
other environmental factors together with the ApoE genetic variants increase the markers
of the lipid profile as CVD risk factors, possible gene-environment interactions were
explored. For the extended list of the specific objectives of the current study the reader is

referred to Chapter one.
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4.1.2 Participant selection

The parent study focused on the epidemiological transition and its effect on health;
therefore, representative volunteers were stratified and recruited from rural and urban
areas. The sampling approach was based on power calculations using the data obtained
from the Transition, Health and Urbanisation in South Africa study that was conducted in
the same area 10 years prior to the planning of the PURE study (Vorster, 2002).
Fieldworkers conducted a survey of 1 500 black South African households in each of the
four communities (two rural and two urban communities, respectively), situated in the
North West Province, South Africa. These households were randomly selected and if the
head of the household was willing to participate, a written informed consent form (Addenda
B-D) and a detailed demographic questionnaire were completed by the members of the
household found suitable to participate in the study. However, in the event of the head of
the household not being present or refusing to take part in the study, a non-responder
guestionnaire was completed, after which the fieldworkers proceeded to the next randomly

selected household.

During the household survey, 3 750 questionnaires were collected; however, only 2 010
“apparently healthy” black South African volunteers, aged between 35 and 60 years,
qualified to be included in the study and voluntarily participated during the data-collection
phase in 2005. These subjects reported no usage of medication for CLD, tuberculosis or
reported infection with the human immunodeficiency virus (HIV) and the female

participants were not pregnant and/or lactating.

4.2 ETHICAL ASPECTS

This study was approved by the Ethics Committee of the North-West University,
Potchefstroom Campus (Ethics Approval number: NWU-00016-10-Al). The recruited
subjects were requested to give written informed consent, after which they were informed
of all the aspects of the study (including genetic analysis to be conducted in future) in their
native language (Tswana) before inclusion (Addenda B-D). A description of how the
sensitive data (i.e. genetic tests) was handled is provided in the informed consent frorm,
which in essence assured participants that all genetic tests and experiments would only
focus on genotypes alleged to contribute to an increased risk of NCDs of lifestyle

(Addedum D). Furthermore, the subjects had the option to withdraw from the study at any
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given stage. Confidentiality and anonymity of the results were assured and results were

treated accordingly.

4.3 GENETIC ANALYSIS

Genetic analyses were conducted in order to determine whether specific reported and
possibly novel SNPs occured in the ApoE genes of the participants included in this study
and, furthermore, to determine if they had a significant association with any of the lipid
profile determinants under investigation. This section describes the analytical pathway
used in order to accomplish SNP identification and selection for genotypic analyses.

4.3.1 Deoxyribonucleic acid isolation

DNA was isolated from buffy coat samples from the PURE individuals collected in 2005.
The extraction of DNA was achieved by using a modified protocol of the FlexiGene DNA
Isolation Kit (QIAGEN). The cells were lysed by mixing one millilitre (mL) of buffy coat with
2.5 mL of buffer FG1 Cell Lysis Solution, in a 15 mL centrifuge tube. The tube was
inverted until thoroughly mixed, followed by centrifugation at 2 000 x g for five minutes, at
4°C. Most of the supernatant was removed, without unsettling the visible pellet, after
which the tube was left inverted on a clean piece of absorbent paper for at least two
minutes. A solution of 0.5 mL of buffer FG2 and 5 microlitres (ul) of QIAGEN protease,
was added to the tube containing the pellet in order to remove the cellular and histone
proteins, which were bound to the DNA. The tube was vortexed for approximately
10-15 seconds until the white blood cells had been resuspended. On determination of
complete homogenisation, the tube was inverted three times, after which it was incubated
at 65°C for 10 minutes.

Following the incubation, 0.5 mL of ice-cold isopropanol was added to the tube and mixed
by inversion until visualisation of the DNA, which precipitated as a clump. The sample was
centrifuged at 2 000 x g for three minutes. The DNA was mostly visible as a small (white)
pellet. The supernatant was decanted and 0.5 mL of ice-cold 70% ethanol (EtOH) solution
was added to the DNA.

The tube was inverted several times to wash the DNA pellet as well as the sides of the
centrifuge tube. Centrifugation was repeated as indicated in the previous step. The

ethanol was carefully aspirated to prevent the DNA from being lost. The tube was left
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inverted on a clean piece of absorbent paper again for five minutes, followed by air-drying
in a dessicator for several minutes. Five seconds of low-speed vortexing was performed
subsequent to the addition of 200 pL of the DNA rehydration solution. The DNA was
incubated at 65°C for one hour or overnight at room temperature (25°C). DNA yield and
purity were determined for the DNA isolated. The most common technique to determine
DNA yield and purity IS the measurement of absorbance
(http://community.hirebiomed.com/posts/detail/methods-for-determining-dna-yield-and-
concentration-4fbbcb5151fed2d37400001e).

DNA purity (Azso/A2g0), defined as the ratio of the absorbance at 260 nm (indicating DNA
concentration) and the absorbance at 280 nm (indicating protein concentration) and the
yield were determined and estimated using a NanoDrop® (ND-1000) spectrophotometer.
DNA absorbs light most strongly at 260 nm (Azeo), therefore absorbance measured at this
wavelength gives a good indication of the DNA concentration in a sample. The Axgo
reading should be within the linear range of the instrument (generally 0.1-1.0) in order for
the numbers obtained to be useful
(http://community.hirebiomed.com/posts/detail/methods-for-determining-dna-yield-and-

concentration-4fbbcb5151fed2d37400001e). The purity ratio (Azso/Azs0) should be >1.8
and can be calculated, after correcting for turbidity (measured by absorbance at 320 nm)

with the use of Equation 4.1.

Equation 4.1 Measurement of DNA purity

| DNA Purity (Axs0/Azg0) = (Aseo reading — Asyg reading) + (Asgg reading — Asyp reading) \
DNA = deoxyribonucleic acid

The DNA concentration is estimated by measuring the absorbance at 260 nm (while
adjusting the Ao measurement for turbidity), multiplying by the dilution factor and using
the relationship that an Ay of 1.0 = 50pg.mL* pure DNA
(http://community.hirebiomed.com/posts/detail/methods-for-determining-dna-yield-and-con
centration-4fbbcb5151fed2d37400001e€), as indicated in Equation 4.2. A 10 nanogram per
microlitre (ng.pL™) final DNA working dilution was prepared with rehydration solution,

stored at -20°C and defrosted at room temperature prior to use in the genotyping assays.

Equation 4.2 Measurement of DNA concentration
| Concentration (pg.mL™) = (Azeo reading — Asyo reading) x dilution factor x 50 pg.mL™

pg.mL™ = micro grams per milli liters
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Yield was estimated using Equation 4.3. For this equation the DNA concentration is

multiplied by the final total purified sample volume (elution volume).

Equation 4.3 Measurement of DNA yield
| DNA yield (ug) = DNA concentration x total sample volume (ml) ‘

DNA = deoxyribonucleic acid; ml = milliliters; pg = micrograms

Because of the insufficient DNA vyield (<45 ng.uL™) after the original isolation, certain
PURE DNA samples (n=350) were re-isolated using the Maxwell® 16 Instrument, as it is a
more effective isolation method in terms of DNA vyield than the Flexigene kit. Isolation
reactions conducted on the Maxwell® Instrument were set to the standard elution volume
(SEV), with the DNA protocol for buffy coat being used. The processing capacity and yield
of the buffy coat samples were high, since 500 pL of elution buffer (EB) was added to each
500 pL buffy coat sample for these specific runs. A brief protocol overview for this
automated process is as follows: firstly the buffy coat volume was combined with
reagents, which were within the Maxwell® 16 SEV Blood DNA Kit [30 uL of Proteinase K
(PK) and 300 uL Lysis Buffer]. PK is useful for removing the interaction between DNA and
histones, whereas the Lysis buffer was used, as the name implies, to lyse the cell
membrane. Sixteen (buffy coat) samples can be processed in each run using the
Maxwell® 16 Instrument. The unique plunger design allowed most samples to be purified
without the need for pre-processing procedures, i.e. PK and other enzyme treatment or
centrifugation. The system used preloaded reagent cartridges and plungers (see
Figure 4.1).

Figure 4.1 Maxwell® 16 DNA Purification Cartridges
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Wash Buffer \

Wash Buffer

User adds plunger

Wash Buffer

Wash Buffer > Contents

Wash Buffer

MagneSilE PMPs

Lysis Buffer )

This figure represents the contents of a cartridge for the Maxwell® 16 Blood DNA Purification Kit and a sample is added to well #1 and
the plunger is added to well #7; adapted from Promega Corporation (2012).
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Label side
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The basic process that was followed by the Maxwell® 16 Instrument was based on
sequential capture and release of MagneSil® Paramagnetic Particles (PMPs), which
reversibly bind and purify covalently attached DNA away from cell debris and proteins
released upon directed cell lysis, alkaline denaturation and neutralisation, into the wells of
the reagent cartridges, which as mentioned, are supplied and loaded with pre-dispensed
reagents. The instrument uses a powerful magnet and unique plunger design to lyse and
capture the target genomic DNA (gDNA) material while washing away impurities (Kephart
et al., 2006).

This technique eliminates the need for complex liquid handling and reagent bottles (Shenoi
et al., 2007). The reagent cartridges and plunger come into contact with a single sample
and are removed and discarded after each run. Single-use reagent cartridges also ensure
that new reagents are delivered each time in order to maximise performance and ensure
reproducibility. Without cross-contamination of DNA, one blue elution tube for each
cartridge was placed into the elution tube slots at the front of the platform, in which 500 uL
of EB was added. Once the run of 50 minutes was completed, the elution tubes were
removed from the heated elution tube slots and placed into the magnetic elution tube rack
from which the DNA was pipetted into storage tubes. An additional 200 uL of EB was
added to the same blue elution tube and a second run was completed, to ensure that most
of the DNA was obtained.

The downstream analysis of the DNA samples required that the DNA be normalised to a
specific concentration. In order to achieve this, the extracted DNA concentrations were
measured twice with a NanoDrop® ND-1000 spectrophotometer. The amount of double
distilled water (ddH,O) and DNA from the stock solution that was needed for setting up a
working dilution of 50 ng.uL™ was determined by using Equation 4.4 by inserting the mean

of the determined measurements.

Equation 4.4 Measurement of DNA absorbance
| (CxV)/A=B V-B=D

A = the mean of the two DNA concentration measurements from the stock solution in ng.uL™; B = quantity of DNA from the stock DNA
solution; C = DNA concentration in the working dilution (50 ng.uL-1); D = quantity of ddH,O to be added to the working dilution; V = final
DNA volume (20 puL).

Another absorbance measurement was performed on these normalised DNA samples to

ensure that the final working dilution of the samples was within range of 50 ng. uL™. After
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completing the normalisation process, the DNA samples were aliquoted into 96-well

plates.

4.3.2 Sequencing of the ApoE gene

In general, in order to identify polymorphic sites within a genomic sequence, amplification
of the genomic region of interest is required. The ApoE gene consists of four exons and
three introns (Hagberg et al., 2000; Lusis et al., 1986) and in order to sequence the whole
gene, all of these fragments had to be amplified. The amplification of the ApoE gene was
undertaken in six fragments by conducting polymerase chain reaction (PCR), using six
sets of flanking primers for each fragment, which were designed by Dr KR Conradie. The
Primer-BLAST program, was used to design the specific primers. Certain conditions had
to be adhered to while designing specifc primers to ensure that the abovementioned
fragments were successfully amplified. However, one should bear in mind that these
conditions were not always attainable and were therefore, used as guidelines for optimal
primer design. These conditions included that the melting temperature (T,,) had to be
between 52-65 °C, in order to produce the best results, since a primer with T, above 65 °C
tends to undergo secondary annealing. Secondly, primer length was between 18-22 bp,
which is an efficient length to ensure adequate specificity and easy binding of primers.
Furthermore, in order to avoid mispriming, the forward and reverse primers had to have
similar Ty, a balanced guanine (G)/ cytosine (C) content (40-60 %) was required and more
than three C’s or G’s in the last five bp at the 3’ end of the primer were also avoided to
avoid mispriming. For the last condition, the Gibbs free energy (AG), which is a measure
for the non-specific binding affinity between a candidate primer and its complement primer,
was calculated (Han & Kim, 2006). Therefore, to prevent hairpin formation the primer had
to adhere to a AG > -2 kcal.mol™ at the 3’ end. Furthermore, the 3’ end self-dimer should
optimally adhere to a AG > -5 kcal.mol™ or an internal self-dimer with a AG > -6 kcal.mol™.
Cross-dimer formation was avoided with a AG > -5 kcal.mol™ the 3’ end and an internal

cross-dimer with a AG of > -6 kcal.mol™ was accepted (Ye et al., 2012).

Primer sets one to five were optimised by Dr KR Conradie (Table 4.1) before the
commencement of the present study. The optimisation of primer set six, along with the
amplification of these fragments, was conducted by Ms B. Swanepoel and the author of
the present study and were sent for DNA sequencing. The BioRad CFX96 Touch™
Real-Time PCR Detection System was used to amplify the aforementioned fragments in

the ApoE gene. The optimal annealing temperatures of each primer (for each fragment)
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were determined through an optimisation process and the results are summarised in

Table 4.1, but will be discussed in greater detail in Section 5.2.

Table 4.1  Primers and PCR protocols used for the sequencing of the ApoE gene,
per PCR fragment (1 to 6)

PCR Fragment number : . Annealing
o Primer Primer Sequence
(size in bp) temperature
1 (829 bp) F 5:-cct ctc cag att aca ttc-3: 56°C
R 5-ctc cct tca cat tct aag-3
5'-ggt -3
2 (843 bp) F g9t gag gca age age agg gg-3 67.9°C
R 5-aac cga ggc cca gag agc gt-3
5-t t t t ttg-3'
3 (918 bp) F ga dgat agg aght tag aag tHd 53°C
R 5-tgt gga aca agt tca agg-3
5-t t t tt t tg-3'
4 (963 bp) F 'ac ata atg c cc aag g' 54.3°C
R 5-caa ctc ctt cat ggt ctc-3
5 (869 bp) F 5:-gcc tcc cac tgt gcg aca cc-3: 61.4°C
R 5-ggt cca ccc cag gag gac gg-3
6 (957 bp) F E?'-tct cat cct cac ctc aac ctc ct-3" 73.9°C
R 5-aca cag aag gtg ctc cac aaa tgc-3

°C = degrees Centigrade; bp = base pairs; pl = microlitres; ddH,O = double distilled water; DNA = deoxyribonucleic acid;
dNTPs = deoxynucleotide triphosphates; MgCl, = magnesium chloride; mM = millimolar; PCR = polymerase chain reaction; u = units
The PCR reaction consisted of the following reagents: 5 pl buffer, 37.5 nmol MgCls,
0.5 nmol of each dNTPs, 1.25 U Promega Taq and 50 ng DNA to a final working volume of
15 uL. For fragment six more MgCl, was used (125 nmol) for reasons discussed in
Section 5.2.2. Furthermore, to ensure an optimal PCR reaction the primer concentrations
differed per fragment number, with 0.934 nmol forward and reverse primers being added
to PCR fragment numbers one, four and five, respectively. For PCR fragment number
five, dimethyl sulfoxide was added (62.5 pumol) to inhibit secondary structures in the DNA
primers, which often occurred during the optimisation process. For PCR fragment number
two, 0.141 nmol forward and reverse primers were added and for PCR fragment three,
0.104 nmol forward and reverse primers. In order to have a final working volume of 15 uL,
the mastermix solutions were made up with ddH,O and, therefore, each PCR fragment’s
volume of ddH,O differed.

The thermal cycling conditions of the PCR protocol that was used to achieve amplification
were as follows: the initial denaturation step was at 95°C for two minutes; the cycling
conditions were for 40 cycles and included three steps. The first step was the
denaturation step at 95°C for 60 seconds, the second step was the annealing step at the
specific annealing temperatures (T,) for 60 seconds and the third step was elongation at
72°C for 60 seconds. A final holding step was also included at 15°C.
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Concluding the PCR process, the success of the amplification (of the PCR products) was
tested with the use of 2% agarose gel electrophoresis. The samples were loaded with 2 pl
of Bioline loading buffer into the gels, which consisted of 2% molecular grade agarose
(BioRad), of which the final working Tris/Borate/EDA buffer concentration (1X) consisted of
89mM Tris base, 89mM Boric acid, 2 mM EDTA and 0.5 pg.mL™ ethidium bromide, which
was then electrophoresed at 100 volts for an hour. Graphical representations of the
fragments were obtained using an ultraviolet transilluminator, after which electronic copies

of the image were captured, which will be presented and discussed in Section 5.2.3.

The successfully amplified PCR products and primers were sent off to the Central
Analytical Facility (Stellenbosch University) for DNA sequencing in both the forward and
reverse direction of the ApoE gene in 30 randomly selected samples from the 2 010 PURE
samples. The NucleoFast® 96 PCR Clean-Up Kits from Machery-Nagel were used to
clean the PCR product before performing the sequencing process. The basic principles of
these kits are that they are based on ultra-filtration and designed for rapid clean-up of PCR
fragments, which entails three steps to complete this procedure. Firstly, the PCR samples
are applied to the ultrafiltration membrane, secondly the PCR products collect on the filters
while the primers, deoxynucleotide triphosphates (ANTPs) and salts move through the filter
and are collected into a waste tube. The amplified products are retained on the filter
membrane and are released from the filter membrane after the addition of either
nuclease-free water or a low-salt buffer, as the third step (PCR Clean-up User Manual,
2010). These PCR products are ready to use for downstream applications such as
sequencing (PCR Clean-up User Manual, 2010).

The purpose of sequencing is to determine the order of the nucleotides (A, T, C and G) in
a specific section of a DNA strand. The Central Analytical Facility at Stellenbosch used
the ABI Prism®, BIGDye® Terminator version 3 Ready Reaction Cycle Sequencing Kit from
Applied Biosystems as a platform to conduct the sequencing reactions. The reaction
mixture included the template DNA, free dNTPs and four (A, C, G and T) types of
fluorescently labelled 2’, 3’-ddideoxyribonucleotide triphosphates (ddNTPs), an enzyme
(usually a variant of Taq polymerase) and a primer. The sequencing reaction consists of
three major steps repeated for 30 to 40 cycles, which are similar to those of a PCR
reaction. The reaction is initiated by heating until the two strands of the template DNA
separate, after which a specifically designed primer binds to its assigned location and the
DNA polymerase begins elongating the primer. This results in a new strand of (replicated)

DNA being formed, which is allowed to elongate until it incorporates the fluorescently
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labelled ddNTPs. The role of the ddNTPs is to terminate the elongation of the DNA strand,
at which point the polymerase then falls away. The basic principle of elongation is that
when a specific nucleotide is required to make the new strand, the polymerase enzyme will
get the required nucleotide from the mixture. After adding the specific required nucleotide,
the enzyme continues to add more nucleotides. However, 5% of the time, the enzyme will
get a ddNTP, which will terminate the elongation step. All of the copied DNA will
eventually be terminated, but each time the enzyme produces a new copy, the termination
point will randomly differ, resulting in various fragment lengths and sizes, which need to be

separated and measured.

A variation of the Princeton Separations post-sequencing kit is used to purify the
sequenced product, by means of removing unincorporated fluorescently labelled ddNTPs
via perforated beads, which retain these ddNTPs and dNTPs to allow the larger fragments
to pass through. An ultraviolet laser (built into either an ABI3730xI DNA analyser or an
ABI3120xl genetic analyser), excites the fragments (from the purified product) as they
emerge from the end of the capillaries, and the resultant pulse of fluorescent colours (red,
green, blue and yellow, each representing one of the four nucleotides) is measured and

used to form a chromatogram.

4.3.3 The identification and selection of SNPs within the ApoE gene

The process involved in identifying the SNPs in the ApoE gene was as follows: the raw
forward and reverse sequence electropherograms of 30 randomised samples from the
PURE study were received from the Central Analytical Facility at Stellenbosch, which the
author of the present study imported into the CLC Workbench sequence viewer program
and aligned to the reference ApoE gene (Genbank Accession number AF261279) using
the alignment functions of the CLC Workbench sequence viewer program. Thereafter, the
consensus sequence data for each of the 30 random samples were aligned to the
reference gene that was used as a template to identify alterations (SNPs) in the ApoE
gene through manual inspection. The initial SNPs that were identified, via the 30 random
samples from the PURE study which were sequenced, were either previously reported

SNPs, which had a reference sequence number (rs-number), or novel SNPs.

To determine if an SNP had previously been reported and, therefore, had an rs-number
available, the status of the alteration was established using the University of California

Santa Cruz (UCSC) Human Genome Assembly Browser program. With the aim of finding
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the location of each alteration in the genome, the Human BLAT search tool of the UCSC
Human Genome Assembly Browser was used, whereby approximately 20 bp of sequence
on either side of the alteration was submitted in the query box. From the BLAT search
results the position of the alteration was determined, which was in turn used to determine if
the alteration had previously been reported. This was achieved by entering the
chromosome location into the genome browser functionality. The dbSNP tract in the
resultant output was used to determine if the SNP had previously been reported and was
indicated with a black mark along with the rs-number of interest, as illustrated in
Figure 4.2. This procedure was followed for each alteration that was identified in the

sequenced data of the 30 random samples from the PURE study.

Figure 4.2 Print screen of the UCSC Genome browser used to obtain the
rs numbers for identified SNPs
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In addition to the SNPs determined in the 30 random samples from the PURE study, a
computer-based literature review of ApoE SNPs reported in the literature was also carried
out. Since most of the literature is based on the frequently reported “ApoE
polymorphisms”, i.e. €2, €3, €4, the need arose to obtain scientific articles that reported on
any other SNPs in the ApoE gene. The search terms that were used were:
“‘Apolipoprotein E” and  “genetics”, “Apolipoprotein E> and  “single  nucleotide

polymorphisms”, “Apolipoprotein E” and “CVD”, “Apolipoprotein E” and “lipid profile”. A
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limited number of articles that reported on other SNPs within the ApoE gene, besides the
frequently reported polymorphisms, stemmed from the search results (Minihane et al.,
2007; Fullertone et al., 2000; Nickerson etal., 2000). However, these articles were
examined in further detail and all the SNPs that were reported in these articles, which were
not identified from the aligned electropherograms of 30 randomised samples from the
PURE study, were added to the SNP selection list. After applying these methods,
20 SNPs were initially included in the SNP list.

434 Process of SNP identification and validation using the BeadXpress®
platform

To ensure that the correct SNPs were analysed by the BeadXpress® platform, the custom
GoldenGate genotyping assay was used. The GoldenGate genotyping assay is a robust
assay for multiplex genotyping and can be analysed on the BeadXpress® platform using
VeraCode® technology. A positive attribute of this assay is that it allows researchers to
create their own genotyping panels with the assistance of the assay design tool (ADT).
The ADT provides a straightforward method for the evaluation of individual loci to design a

customised genotyping array.

An SNPScore file provides information on the SNPs to be analysed, such as their
validation status, MAF from published studies and designability rankings, along with SNP
scores, which in turn indicate predicted success information of the specific SNPs of
interest. This array of information was also used as a guideline to determine whether a
certain SNP should be rejected or included in the final SNPScore file for analysis.
Attaining a final SNPScore file involves a number of steps and procedures, as illustrated in
Figure 4.3.

Figure 4.3 Steps involved in the custom GoldenGate genotyping assay design
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ADT = assay design tool; SNP = single nucleotide polymorphism

The two file formats used for the submission of the SNPs were the RSList (when
investigating a reported SNP with a specific rs number) and SequenceList (when
investigating a novel SNP). The SequencelList file format was used for the three novel
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SNPs identified in the sequenced data. Once these lists had been finalised they were
submitted to ADT (as a *.csv file format), where dbSNP was used to obtain information
about the locus, followed by the determination of the MAF and validation status of the SNP
for each SNP (except for the SNPs listed on the Sequencelist) after which the design
score and design rank for every SNP were calculated. Designing and ordering a custom

oligonucleotide pool assay (OPA) entail further steps (Figure 4.4).

Figure 4.4 Flowchart of the steps involved in ordering a custom OPA
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RS = reference sequence; SNP = single nucleotide polymorphism

Figure 4.4 is discussed in detail in Section 5.3.1 referring to the validation scores obtained
for the identified SNPs that were to be investigated via the GoldenGate® Genotyping
assays. The genome locations of the 20 initially identified SNPs (indicated in red) and the
nine SNPs selected to be part of the final SNP list (indicated in green) are illustrated in

Figure 4.5.
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Figure 4.5 Location of the identified and selected SNPs in the ApoE gene
45408004 45408504 45409004 45400504 45410004 45410504 45411004 45411504 45412004 45412504 45413004 45413504
[ | [ | | [ | [ [ [ [ |
Exon 1 Exon 2 Exon 3 Exon 4
o Fragment 6 h
]
Fragment 1 Fragment2 ..--«? " Fragment 3 Fragment 4 Fragment 5
] ]
(g]
=
o
N IS IN IN IS I [NES [N NN AABRBA ~ o
[8,] o (8] a (S Be; ] m o o no mon o non o (=]
S IS IS N PN Iy IS AR BN AABRBDA I
(=] (=] (=] O o o —_ [EE— - U W G G —_ —-
w @ e} 0 © @ = oo =T T - s s w |
o [s2] a0 - o h =] IS I o Qo - = W WwWwoo [ o
| ] « )] [ | o s w© o — — M o B b oo [e2] =
-~ [s4] >» -~ (a2 e %] I~ o 3 - ~W =2 Oo O [e2]
= = = = - = - - . SR
w w w w W w w w o o O o W w oW oW B ! w R
- ~1 1 I -1 =1 ~1 ~ = e 1= BN IR = |5
=] > o I o ™ @ @D @ @ @ o = B L e N o -
[o4] w n -l 0 w0 w tD: :: w O WO > [es] 3
- In o =~ o =~ T . o oo o —
- I~ o 1N NS N w S N [SEANS AN B e
o [8)] w (8)] -~ o w (=] MO o~ moaoaonm o e
— — — — — — — — M o= [e2] —
— w0 o o — =

* indicates the location of the novel SNPs identified in the sequenced data; rs = reference number; adapted from Fullertone et al

. (2000)

From an extended list of identified SNPs, only those listed in Table 4.2 and indicated in

green in Figure 4.5 were sent for analysis by the BeadXpress® T Reader. The criteria that

were used to determine which SNPs should be analysed by the BeadXpress® T Reader

are discussed in Section 5.3.1.

Table 4.2

for genotyping by the BeadXpress® T Reader

Summary of the characteristics of the final SNPs in the ApoE gene sent

Chr 19 Position | Strand | Localisation rs-number SNP Type of mutations
45408077 Pos Flanking rs1081101 CIT Transition
45408836 Pos Promotor rs405509 AIC Transversion
45409167 Pos Intron rs440446 C/G Transversion
45409579 Pos Intron rs769448 CIT Transition
45410002 Pos Intron rs769449 G/A Transition
45410498 Pos Intron ApOoELSO01 novel G/C Transversion
45411110 Pos Exon rs769452 CIT Transition (Leu/Pro)
45411942 Pos Exon rs429358 TIC Transition (Cys/Arg)
45412080 Pos Exon rs7412 CIT Transition (Arg/Cys)

A =adenine; Arg = arginine; bp = base pair; C = cytosine; Chr = chromosome; Cys = cysteine; G = guanine; Leu = leucine;
Pos = positive; Pro = proline; rs-number = reference sequence number; SNP = Single Nucleotide Polymorphism; T = thymine

64



CHAPTER FOUR MATERIALS AND METHODS
4.3.5 Genotyping using the BeadXpress® T Reader

In order to determine ApoE genotypic status, a DNA-based technique was used. A
relatively simple, time-efficient as well as cost-effective high-throughput genotyping
method was used to analyse the larger sample set. Genotyping was conducted on the
BeadXpress® T Reader from lllumina, at the National Health Laboratory Service (NHLS) at

the University of Witwatersrand in Johannesburg, over two days.

The BeadXpress® can analyse 48 to 384 SNPs simultaneously in a 96-well plate owing to
the solution-based kinetics of the VeraCode technology and the simplicity of the assay’s
workflow.  The lllumina GoldenGate SNP genotyping assay is analysed on the
BeadXpress® platform to accommodate PCR extension and amplification methods that
allow a quantitative comparison of bi-allelic SNPs. The assay’s workflow for day one
includes four steps. The first step in generating genotypic data is the activation of DNA,
which is a robust process for which only 250 ng of genomic DNA is needed. This step is
necessary in order for genomic DNA samples to bind to paramagnetic particles. During
the hybridisation step (step 2), assay oligonucleotides, hybridisation buffer and
paramagnetic particles combine with the activated DNA. There are three oligonucleotides
[two allele-specific oligonucleotides (ASO) and one locus-specific oligonucleotide (LSO)]
that are designed for each SNP locus. The LSO hybridises to numerous bases
downstream from the SNP site. The LSO contains a unique address sequence that
targets a particular VeraCode microbead type, along with universal PCR primer sites,
which all three oligonucleotide sequences contain. The ASOs and LSOs hybridise to the
genomic DNA sample bound to the paramagnetic particles during the hybridisation
process. A number of wash steps (step 3) are conducted after the hybridisation step in
order to remove all excess and mis-hybridised oligonucleotides to guarantee the inclusion
of the hybridised oligonucleotides alone. Thereafter, the extension of the applicable ASO
and ligation of the extended product to the LSO link the information for the genotype
present at the SNP site to the LSO’s address sequence. These ligation products serve as

PCR templates for the universal PCR primers, namely P1, P2 and P3.

On the second day of determining the genotypic data, five steps are taken, of which step
one is to label the P1 and P2 primers with Cy3 and Cy5 dyes, respectively. These Cy3
and Cy5 fluorescently labelled PCR extension products contain different lllumicode
address sequences, which are the lllumina GoldenGate Assay products (Table 5.3

provided in Section 5.3.1) and are the starting experimental material for the BeadXpress®
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platform. These products then hybridise to small glass bars (VeraCode® *

microbeads”),
which have imprinted bar codes complementary to the Illlumicode (sequence) address,
which corresponds to a specific genomic sequence provided in the SNP design file
(step 2). The reader pipettes a column (eight samples) of a 96-well plate at a time and
aliquots them into a grooved plate that forms the bottom of the system’s fluidic cell. The
VeraCode microbeads fill the groove plate efficiently and align closely within the grooves
through a unique combination of fluid flow, gravity and capillary force. The entire fluidic
cell is activated across the optical system and scanned for fluorescent intensity and code
classification, after the amplification process has been completed. The BeadXpress®
Reader makes use of a dual-detection system (each plate is scanned at two wavelengths
simultaneously) in order to identify the unique holographic code on each bead and the
signal intensity associated with each bead. Hybridisation of the GoldenGate Assay
products onto the VeraCode microbeads separates the assay products for individual SNP
genotype readout. The hybridisation process takes place in suspension for several hours,
after which the beads are washed, resuspended and loaded onto the reader (step 3). Step
4 entails the use of the BeadXpress® Reader for the identification of microbead codes, as
well the detection of the relative Cy3 and Cy5 fluorescent signals. As a result, a signal
should be detected in either one of the Cy3 or Cy5 channels for the amplification product
for homozygote genotypes and both signals should be detected for a heterozygote
genotype, for each SNP that has been genotyped. Lastly, the genotypic data generated
by this method are analysed via lllumina’s GenomeStudio® Genotyping Module v1.0
program, which performs automated genotype clustering and calling. The
BeadXpress® has quality control measurements in place to ensure that each assay
runs correctly. This is achieved through checking each output from each plate run,
using standardised technical parameters (controls) and determining PCR

contamination, which is discussed in greater detail in Section 5.3.2.

However, the SNP at rs7412 could not be successfully genotyped by the BeadXpress®
platform for reasons discussed in the following chapter, Section 5.3.1. As this SNP formed
a central part of the genetic component of the present study, the genotyping was carried
out manually by Mr T. Chikowore through a real-time PCR assay using the CFX96
Touch™ Real-Time PCR Detection System, which will be discussed in greater detail in the

next section.
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4351 Genotyping of the ApoE polymorphism at rs7412

The real-time PCR Tagman assay was developed for the detection and quantification of
genetic material. This method combines a fluorogenic element with that of the traditional
PCR methods (Klein, 2002). The probe, a small oligonucleotide segment with a bound
fluorescent reporter and quencher, is designed to hybridise to a DNA sequence on the
target DNA between two flanking primers. During the annealing phase, the probe
hybridises to its specific complementary segment of the targeted DNA sequence. The role
of a quencher at the end of each probe sequence is to block the fluorescein so that the
real-time PCR cannot detect the probe, until the Taq polymerase enzyme meets and
cleaves to the probe after it annealed to the target DNA, causing the probe to break away
and become excited. The excitation that occurs at this point is due to the fact that with the
cleavage of the probe, the quencher is further away and cannot suppress the excitation of
the probe anymore. This excitation is detected in real-time by the thermocycler.

This polymorphism at rs7412 was genotyped in 2 010 subjects, which represents the
whole PURE group. The polymorphism is located in exon four. For the SNP at rs7412
located at the bp 4075, two alleles are described. The C-allele represents the “wild-type”
allele, whereas the T-allele represents the “mutant”. Therefore, it is possible to distinguish
between three genotypes: homozygote 1 (CC for the purpose of the present study),

heterozygote 1, 2 (CT) and homozygote 2 (TT).

A probe [6-caboxyfluorescien (FAM™) and
2'-chloro-7'-phenyl-1,4-dichloro-6-carboxyfluorescein (VIC®)] and primer mix from Applied
Biosystem (TagMan® SNP Genotyping Assays, Human, LG Part Number 4351374) were
used in the analyses. The FAM™ probe recognised the C allele (wild type) and the VIC®
probe recognised the T allele (mutant). The PCR reaction mixture used in this analysis
consisted of 37.5 nmol mastermix, 6.3 nmol primer and probe mix and 50 ng of the patient

DNA, along with the ddH,0 that was added to make up a final working volume of 15 pl.

The real-time PCR reactions were carried out in a CFX96 Touch™ Real-Time PCR
Detection System, according to the following programme: one cycle for 10 minutes at 95°C
(initial denaturation), 40 cycles at 92°C for 15 seconds (denaturation); the specific
optimised annealing temperature for the primer set was 62.1°C for 60 seconds (Table 4.3).
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Table 4.3 Real-time PCR temperature conditions

Stage PCR Step Temperature Time
Cycle1 (1x): Step1 Initial denaturation 95°C 10 minutes
Cycle 2 (40x): Step 1 Denaturation 92°C 15 seconds

Step 2 Annealing/elongation 62.1°C 1 minute

°C = degrees Centigrade

With the completion of each 96 well reaction, the data were stored in the Bio-Rad CFX
Manager® (version 2.0), before being exported to an Excel work sheet. From this work
sheet, which contained the genotypic data of the whole PURE cohort of that blood was
obtained (2 028), statistical analyses were conducted. The author of the present
dissertation and Dr KR Conradie scored the genotypes at the ApoE rs7412 loci
independently and merged the electronic spreadsheets with the outcomes. Discrepancies
in interpretation were resolved by re-determination of the sample DNA genotypes.

4.4 STATISTICAL ANALYSIS

The computer software package Statistica version 10 (Statsoft Inc., Tulsa, Oklahoma,
USA) was used for the statistical analysis (Statistica, 2009). A p-value of <0.05 was
regarded as statistically significant. Furthermore, for the present study any significant
result for which a p-value of 0.000000 was obtained will be reported as p = 0.00 in Chapter
five, but represents a p-value of <0.001. Only the samples for which all information was
available were included in the statistical analysis for the present study. The sample size
consisted of 2 010 subjects, but subjects that had either missing phenotypic or genotypic
data were excluded from the analyses and, therefore, only 1 458 subjects were ultimately
included in the analyses. The outcome variables are the lipid profile determinants: TC,
LDL-C, HDL-C and TG concentrations.

441 Stratification criteria

The PURE data set was divided into two stratums namely, urban and rural. Gender was
another stratum categorised into male and female. The HIV status was categorised as
follows: 0 was assigned to those infected by the virus, 1 to individuals who did not know
their status and 2 to those not infected by HIV. History of tobacco use was categorised
into four divisions: 0 = Not answered, 1 = Former smoker, 2 = Current smoker and 3 was
assigned to subjects who had never used tobacco before. For the purpose of the present
study, stratification will also be conducted for the different genotypes identified in the ApoE
gene.
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4.4.2 Normality testing/distribution

Initially, the continuous data were tested for normality using the Shapiro-Wilk (SW)-test.
The data were not normally distributed in the population, even after logarithmic
transformation has been conducted. The option of using nonparametric tests is often
inconvenient, as these tests are in general less powerful and flexible in terms of the types
of conclusions that they can supply. Even though the present study consists of a large
sample set, which is appropriate for data transformation, a scientifically safe decision was
made not to perform log transformations, as doing it presented no difference in the
normality of the data. Although there is a possibility of failure to detect a difference that
really exists between the relevant variables, the possibility of being misled into claiming
differences determined to be spurious by transforming the data is minimised or eluded.
The reason for this is that if data are not transformed, it is more likely that the variation in
the data will be overestimated compared to the appropriate transformation (van Emden,
2009). It has been reported that with a larger sample size, the mean tends to be closer to
the median (central limit theorem), which implies that normality can be assumed and that
mean-based tests can be used (Rice, 2007). Therefore, the statistical analyses presented

in the following chapter were conducted according to parametric statistical analysis.

4.4.3 Statistical testing

Descriptive statistics were determined for all continuous variables relevant to the present
study (Table 5.1 and Table 5.2) to get a broad overview of the present data set used. The
means and standard deviation (£SD) of the identified continuous variables by gender (men
against women) and locality (rural against urban) were reported. The mean lipid profile
concentrations in each of the categories of the categorical data (BMI, history of tabacco
use and HIV status), were calculated by means of cross-tabulation and analysis of
variance (ANOVA). Confounding variables for the lipid profile were identified by means of
the Spearman Rank test. This nonparametric test was used to determine the correlations,
since normality is already a requirement in order do to correlation calculations and this test

is not based on means.

The genotype frequencies of the different SNPs under investigation were determined for
the whole group and according to locality and gender. A chi-square (y?) test was used to
compare the observed numbers of each ApoE genotype with those expected for a

population in Hardy-Weinberg equilibrium (HWE). The equation for the chi-square test is
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v* = (O-E)?/E. A high chi-square value and small p-value (<0.05) will lead to the rejection
of the hypothesis that the genotypes were in HWE. The Hardy-Weinberg principle states
that both allele and genotype frequencies in a population remain constant — that is, they
are in equilibrium — from generation to generation unless specific disturbing influences
are introduced. Those disturbing influences include non-random mating, mutations,
natural selection, limited population size, "overlapping generations”, random genetic drift,
gene flow, meiotic drive and migration (Hardy, 1908). It is important to understand that
one or more of these "disturbing influences" are always in effect. That is, perfect
adherence to the HWE is close to impossible in nature. However, by comparing the
observed frequencies with expected genotypic frequencies one is better able to measure
the possible causes of the differences present in genotypic distributions between
populations. Genetic equilibrium is an ideal state that provides a baseline against which to
measure change. Static allele frequencies in a population across generations assumes:
no mutation (the alleles do not change), no migration or emigration (no exchange of alleles
between populations), infinite population size and no selective pressure for or against any
genotypes.  Genotype frequencies will also be static when mating is random.
Furthermore, the 95% confidence intervals for the frequencies of these genotypes were
determined by means of the SAS System Program, to determine the range within which

the actual genotype frequency should be in the total population.

To determine whether a significant difference between the genotype groups of a specifc
genetic alteration (SNP) and the lipid profile concentrations existed, ANOVA tests were
applied. Where an overall significant difference between the above-mentioned groups
occurred, a Tukey honestly significant difference post hoc test for unequal n was used to
determine between which groups the significant difference occurred. Lastly, the interactive
effects between various variables (locality, gender, diet and each of the confounding
variables) against each of the lipid profile determinants, categorised by the three
genotypes of each specific genetic variant, were also analysed. For the categorical
predictors (gender and locality) factorial ANOVAs from the general linear analyses were
used, whereas the general linear model was used where more than two continuous
predictors (diet and each of the confounding variables) were present. Where an overall
significant difference between all of the above-mentioned groups/ instances was indicated,
respectively, a Tukey honestly significant difference post hoc test for unequal n was used

to determine between which groups the significant difference/interaction occurred.
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CHAPTER FIVE
RESULTS AND DISCUSSION

The population of South Africa is multi-ethnic and a wide range of cultures are represented
within this population. For many years it was believed that black (South) Africans were
immune to the development of CVD even when previously reported CVD risk factors were
present (Walker & Sareli, 1997). Today, CVD is a major cause of morbidity and mortality
in all the cultural groups of South Africa (Klug, 2012; Steyn et al., 2005; Akinboboye et al.,
2003). Steyn et al. (2005) reported that the black African population is at an early stage of
the CVD epidemic as well as other epidemiological disease transitions, and that this
increased disease risk is more prevalent among groups of higher socio-economic and
educational status. The change in CVD prevalence can be ascribed to urbanisation and
the accompanying unhealthy lifestyle changes (Akinboboye et al., 2003).

An unfavourable lipid profile as represented by elevated TC and LDL-C concentrations, in
addition to low HDL-C concentrations, are major determinants of CVD (Atkinson et al.,
2004; Cleeman etal., 2001). In 1990 Holme estimated that for every 1% reduction in
blood cholesterol there is a corresponding 2.5% reduction in the incidence of CVD (Holme,
1990). Therefore, research endeavours have been undertaken to understand the
mechanistic role of certain (risk) factors in the regulation of the blood lipid profile in order to
provide evidence that can be used to develop strategies to improve the lipid profile and

ultimately reduce CVD morbidity and mortality rates.

However, not all individuals respond to such lipid-lowering measures or strategies in a
similar fashion, which can be attributed to the presence of alternative genetic backgrounds
in different human populations (Cummings, 1998). Biological insights into novel and
reported lipid metabolic pathways can be obtained with the identification of genetic
variants that affect lipoprotein concentrations, i.e. TG, HDL-C and LDL-C concentrations
(Lanktree et al., 2009). In the last two decades common variations in many candidate
genes have been tested for association with lipoproteins (Chang et al., 2010; Lanktree
et al., 2009; Pallaud et al., 2001). The ApoE polymorphisms, as described in Section 3.2,
have been reported to be one of the potentially most important genetic predictors of
plasma lipoprotein concentrations and, therefore, risk of CHD (Song etal., 2004;

Frikke-Schmidt et al., 2000; Mahley & Rall, 2000; Davignon et al., 1988).
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While the association between specific ApoE polymorphisms, environmental factors and
well-known CVD risk factors and events in Caucasian individuals has been studied
comprehensively, less has been reported about these associations in black (South) African
populations. Furthermore, since CVD is a multi-factorial disease, it is crucial to determine
whether gene-environment interactions occur at the ApoE locus and whether these
interactions might possibly explain the variability in the blood lipid profile in black South
Africans. Therefore, this study aims to identify key determinants of plasma lipoprotein
concentrations and possibly provide insight into the biological mechanisms underlying

serum lipid and cholesterol concentrations in a black South African population.

The following sections present the results obtained after the implementation of the
techniques and processes as described in Chapter four. The baseline demographic and
biochemical characteristics (obtained in 2005) of the PURE study population are examined
in Section 5.1. This is followed by Section 5.2, which contains discussions on the DNA
isolation process, the PCR and sequencing results of the ApoE gene, as well as
discussions on the amplification of the various gene fragments in which the polymorphisms
were either identified from sequencing this unique population or were identified from
literature. The results obtained from the BeadXpress® analysis are discussed in
Section 5.3, followed by a similar discussion pertaining to the real-time PCR analyses
conducted (Section 5.4). The associations and correlations between the concentrations of
the various lipid profile determinants with the various CVD risk markers, e.g. BMI and
environmental factors (dietary habits), are discussed in Section 5.5, along with the
interactive effects these variables have with the ApoE genetic variants (SNPs and
haplotypes) on the blood lipid profile determinants. This chapter will be concluded with a

summary of the most important results (Section 5.6).

5.1 DEMOGRAPHIC AND BIOCHEMICAL CHARACTERISTICS OF THE PURE
POPULATION

The baseline characteristics of the PURE study participants are presented in Table 5.1.
This study population was representative of both rural and urban areas, with 49.5% of the
subjects residing in rural areas and 50.5% residing in urban areas. The study population

comprised 37.2% men and 62.8% women.
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Table 5.1  Continuous baseline characteristics per gender and locality, within the PURE study population
Variables Whole group Rural Urban p-value Men Women p-value
Mean + SD Mean = SD Mean = SD Mean = SD Mean = SD

Number of individuals 1,950 966 984 726 1,224
Age (years) 49.30 + 10.40 48.47 +9.94 50.20 + 10.69 0.00 49.76 + 10.30 49.10 + 10.40 0.16
BMI (kg.m'z) 24.60 + 6.96 24.16 +6.61 25.16 +7.29 0.00 20.80 +4.04 26.90 +7.32 0.00
TC (mmol.L™) 5.01+1.38 4.96 + 1.37 5.05+1.39 0.17 4.81+1.33 5.13+1.39 0.00
TG (mmoI.L'l) 1.30+0.79 1.21+0.64 1.38+0.92 0.00 1.22 +0.85 1.34+0.75 0.00
LDL-C (mmol.L™) 292 +1.17 292 +1.17 293+1.18 0.87 270 +1.15 3.06 +1.17 0.00
HDL-C (mmol.L™) 152 +0.64 1.52 +0.62 1.52 + 0.65 0.92 1.58 + 0.60 1.48 +£0.62 0.00
CRP (mg.L™) 8.52 +12.45 8.34 + 12.57 8.70+12.3 0.53 8.33 +13.40 8.64 +11.90 0.61
PAl-1act (IU.L™) 5.98 +7.20 4.96 + 5.89 7.04 +8.22 0.00 4.45 + 6.88 6.92 +7.23 0.00
Hcy (umol.L™) 10.30 + 4.57 10.82 + 4.80 9.84 +4.26 0.00 11.30 + 4.47 9.78 + 4.54 0.00
Fibrinogen (g.L™) 3.70+2.18 3.86+2.21 3.51+213 0.00 3.33+2.07 3.92+221 0.00
SBP (mmHg) 133.00 £ 24.5 129.72 £ 23.29 137.00 £ 25.10 0.00 136.00 £ 24.10 132.00 £ 24.70 0.00
DBP (mmHg) 87.70 £ 14.6 86.16 + 14.48 89.30 £ 14.50 0.00 86.90 + 14.90 88.20 £ 14.30 0.04
Total energy intake (kJ) 7,932 + 3,783 6,410+ 2,778 9,426 + 4,036 0.00 8,639 + 4,050 7,512 + 3,551 0.00
Total fat intake (% TE) 22.80 +7.63 19.15 +6.97 26.40 + 6.46 0.00 21.50+7.31 23.50+7.72 0.00
Total MUFA intake (% TE) 6.00 + 2.92 4.43 +2.39 7.54 + 255 0.00 5.68 +2.79 6.19+2.98 0.00
Total PUFA intake (% TE) 6.93 + 2.85 6.24 + 3.02 7.60 +2.49 0.00 6.43 +2.64 7.22 +2.93 0.00
Total SFA intake (% TE) 5.50+2.71 4.26 + 2.60 6.72+2.22 0.00 5.14 +2.44 572+ 284 0.00
Total TFA intake (g) 0.41+0.61 0.14 £ 0.20 0.68+0.74 0.00 0.37+0.51 0.44 + 0.66 0.02
Total cholesterol intake (mg) | 187.00 £ 154.00 | 121.00 + 124.00 | 252.00 + 154.00 0.00 202.00 +£173.00 | 179.00 = 143.00 0.00
Total fibre intake () 20.90 +10.40 17.50 £ 7.53 2430 +11.70 0.00 22.95+11.70 19.80+£9.40 0.00
GGT (U.L'l) 97.50 £ 198.00 85.20 + 146.00 110.00 = 239.00 0.01 127.00 + 242.00 79.60 £ 163.00 0.00

% = percentage; BMI = body mass index; DBP = diastolic blood pressure; g = grams; g.L™

= grams per litre; GGT = gamma-glutamyl transferase; CRP = High sensitivity C-reactive protein;

Hcy = homocysteine; HDL-C = high density lipoprotein cholesterol; 1U.L™ = international units per litre; kg.m? = kilograms per metres squared; kJ = kilojoules; LDL-C = low density lipoprotein cholesterol;
mmol.L™ = millimole per litre; mmHG = millimetre of mercury; MUFA = monounsaturated fatty acids; PAI-1., = plasminogen activator inhibitor type 1 activity; PUFA = polyunsaturated fatty acids; SBP =
systolic blood pressure; SD = standard deviation; SFA = saturated fatty acids; TC = total cholesterol; TE = total energy; TFA = trans fatty acid; TG = triglycerides; U.L™ = units per litre; a p-value of <0.05 is

considered significant.
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The reason for the preponderance of women can possibly be that more men work during
the day and were therefore not at home when the study participants were enrolled.
Another reason can be that there are more women than men in South Africa, according to
the 2001 and 2011 census data and the sample in this study is, therefore, demographically

representative of the South African population.

The means for TC and TG for the entire group in this cohort (as displayed in Table 5.1),
were within desirable ranges, as they were below the cut-off values set at 5.17 mmol.L™
and < 1.69 mmol.L™, respectively (Klug, 2012; Butler, 2010). LDL-C and HDL-C
concentrations for the whole group also fell within the desirable lipid profile ranges, as they
were below the cut-off values considered to indicate increased CVD risk, i.e.
< 3.00 mmol.L™ and above the cut-off value for HDL-C, i.e. = 1.20 mmol.L™* (Butler, 2010).
The mean lipid profile of this population is within desirable, healthy ranges; more than half
of the population do not harbour an undesirable blood lipid profile. Apart from the TG
concentrations that were significantly higher in the urban group (p = 0.00) compared to the
rural group, no other components of the lipid profile differed between these two groups.
The higher TG in the urban group could be due to its higher socio-economic status, which
could lead to more adverse lifestyle behaviour, i.e. high fat diets (Table 5.1) and increased
alcohol intake (Schutte et al., 2006; Vorster et al., 2005).

The lipid profile determinants were significantly different between the genders, with women
presenting with significantly higher TC, TG and LDL-C (p = 0.00), as well as significantly
lower HDL-C concentrations (p = 0.00) compared to men. Even though the lipid profile of
the women seems to be unfavourable when compared to the lipid profile of the men, it is
still within the desirable ranges. However, this observed lipid profile among women is in
agreement with previous reports (de Backer, 2008; Chu et al., 2003; Bo6thig, 1989). The
physiological reason for the elevated TC, LDL-C and TG concentrations and lowered
HDL-C concentrations among women could be hypothesised to be a result of declining
ovarian function, prior to the loss of oestrogen, which is reported reported to have a
cardio-protective effect. Yet, even though the ovarian function could be decreasing, it is
not completely gone and women would therefore still experience some form of
cardio-protection. Another reason for the observed difference between the lipid profile of
men and women could be the difference in the body composition between men and
women. In the present population the women’s BMI was significantly higher than that of
the men (p = 0.00) and epidemiological studies have reported a direct correlation between
increasing BMI and elevated TC, LDL-C and TG and an inverse relationship with HDL-C,
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which is also observed in the present population (Shamai etal., 2011 ; Krauss et al.,
1998).

The means for the other CVD risk biomarkers for the total population, such as CRP,
PAI-1, and fibrinogen concentrations, are indicated in Table 5.1. Elevated PAI-1
concentrations have been reported to have an effect on atherothrombotic vascular disease
and are therefore regarded as a CVD risk factor (Solano et al., 2003). Elevated PAI-1
concentrations increase cardiovascular disease risk development through various
mechanisms, i.e. stimulating clot stability and preventing fibrinolysis in the vessel wall
which results in unstable plaque development and mediating inflammatory responses
(Belalcazar et al., 2011). The mean PAI-1, concentration in the current population was
within the reference ranges developed for healthy Caucasian individuals (5.5-10 IU.L™"). A
Previous studies reported similar PAI-1,; concentrations for black South Africans (Greyling
etal., 2007) and African Americans (Festa etal., 2003). However, mean PAI-1,;
concentrations for rural subjects and men were below the healthy reference ranges,
whereas, the mean PAI-1,, concentrations for the total population, urban group and the
women were within the healthy reference ranges. In addition to this, mean PAI-1,
concentrations were significantly lower (p = 0.00) when the rural subjects were compared
to the urban subjects and when men and women were compared. This observation on the
level of urbanisation can possibly be due to the increased risk associated with urbanisation
stemming from changes in lifestyle behaviour, which not only result in increasing BMI, but
in adverse dietary changes as well, which affect the lipid profile negatively. These
consequential factors (i.e. unfavourable BMIs and lipid profiles) of urbanisation have been
reported to play a major role in determining plasma PAI-1,; concentrations and can be a
possible explanation for the increased PAI-1, concentrations observed among the urban
group of the present cohort (Festa et al., 1999; Asplund-Carlson et al., 1993; Mehta et al.,
1987). These factors taken together seem to result in a modest increase in PAI-1,
concentrations, but not to the same degree as reported for Caucasians (Greyling et al.,
2007; Festa et al., 2003). The decreased PAI-1, concentrations observed in the men are
not in accordance with previous reports for Caucasian populations (Henry et al., 1998;
Meilahn et al., 1996). However, it can be speculated that the lower plasma concentrations
of this haemostatic factor can be ascribed to the fact that the men in the present
population have a lower BMI than the women, since PAI-1 has been reported to be
positively related to upper body obesity (Meilahn et al., 1996). Therefore, gender and
urbanisation seem to play a major role in determining the PAI-1,. concentrations in this

black South African cohort and further studies are needed to understand the mechanisms
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of regulation of the PAI-15: concentrations better, in particular those related to the

influence of gender.

The most extensively studied inflammatory risk marker is CRP, because of numerous
studies that have reported CRP to be not only a powerful predictor of metabolic syndrome,
but of CVD risk at all levels of the Framingham risk score (Bisoendial et al., 2010; Khera
et al.,, 2005; Ridker et al., 2003; Ridker etal., 1997). Therefore, physicians started to
measure CRP as a risk biomarker of heart disease in an attempt to prevent CVD events
(Ridker, 2003). However, earlier laboratory assay methods, measuring CRP blood
concentrations at <10 mg.L™ as the normal ranges, were not sensitive enough and the
need for high sensitivity assays to measure high sensitivity CRP (hs-CRP) concentrations
were developed (Helal et al., 2012). When CRP concentrations are measured with these
high sensitivy assays, moderate changes (elevations) can be detected and, therefore,
more detailed reference ranges have been developed with CRP concentrations where
<1 mg.L?, 1 -3 mg.L"! and >3 mg.L™, indicates low, moderate and high risk of future CVD
events, respectively (Ridker, 2003). The mean CRP concentrations for all four groups
were much higher than the reference range for CRP concentrations in healthy Caucasians
(<1 mg.L?, 1 — 3 mg.L™ and >3 mg.L™), but this is similar to previous reports indicating
that the highest CRP concentrations were reported among African ethnic groups (Khera
et al., 2005; Albert et al., 2004; Ridker et al., 1997). However, there was no significant
difference between the groups investigated in this study, as presented in Table 5.1.
Nonetheless, despite the non-significant differences between groups, the CRP
concentrations of the sub-groups that were overweight (urban and female, respectively)
were higher than those of the groups that were within normal BMI ranges, which might
signify the inflammatory pathways of weight gain (obesity), which contributes to CVD risk
development (Ridker et al., 2000). Therefore, these results indicate a high risk of CVD

events occurring among the present black South African population (Ridker et al., 1997).

Elevated homocysteine is considered to be a fundamental CVD risk factor owing to its role
in endothelial dysfunction via various mechanisms such as cell and tissue damage in
arteries, which leads to the development of atherosclerotic plaques and foam cells, as well
as the oxidative stress caused by excess LDL-C (McCully, 2007). The plasma Hcy
concentrations of the rural group as well as for the male group were significantly higher
(p =0.00) when compared to the urban group and to the women. The plasma Hcy
concentrations of women were within the reference ranges of 3-14 pmol.L™* and below

16 umol.L™, which is considered to be indicative of moderate hyperhomocysteinaemia
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(Bhat et al., 2008; Ueland et al., 1992). This is consistent with the literature in that being
male is a biological factor associated with higher Hcy concentrations (Frick et al., 2004).
These observed gender differences can possibly be further explained in the light of the
elevated GGT concentrations which were observed to be not only significantly higher
among men compared to women, but the GGT concentrations in general, which were also
higher than the reference range of 8-78 U.L™ in all the groups. Even though the mean
alcohol intake was determined by the QFFQ, expressed as reported intake of pure alcohol
(ethanol) in grams (g) per day based on the most recent available South African Food
Composition Tables for alcohol (Langenhoven et al., 1991), this method was not the only
one used to evaluate alcohol consumption. Rather, GGT concentrations were also
measured as they are a biochemical indicator of alcohol intake and a more objective
indication as opposed to self-reported intake according to the QFFQ. Furthermore, it is an
indicator of liver damage, which in turn is an important cause of elevated Hcy (Carmel &
James, 2002). The significant difference between rural dwellers having higher Hcy than
urban dwellers, is in accordance with published literature (Nienaber-Rousseau et al.,
2013), which ascribes this difference to the lower vitamin B, intake among rural dwellers.
Nonetheless, these values are still lower than the cut-off values, which is in agreement
with the low Hcy concentrations previously reported among black Africans (Ubbink et al.,
1999). This suggests that the present cohort is at low risk of the development of the early

stages of atherogenesis (endothelial dysfunction).

Hyperfibrinogenaemia is considered an important risk factor for CVD (Grassi et al., 2005;
Kessler etal.,, 1997), as fibrinogen has an influence on blood viscosity and platelet
aggregation (Kessler et al., 1997). The fibrinogen concentrations for the total population
were slightly above the reference ranges (1.5-3.5g.L™Y), with significantly higher
concentrations (p = 0.00) among rural dwellers and women compared to their respective
counterparts. This finding seems to be similar to that reported by other researchers
(James etal., 2000). In an article that investigated the same data reported in this
dissertation, Pieters et al. (2011b) reported higher fibrinogen concentrations for the rural
group when compared to the urban group and reported that the differences in dietary
intakes between these two groups and low socioeconomic factors (i.e. employment and
level of education) were possible reasons for this discrepancy. However, lower fibrinogen
concentrations have been associated with a prudent diet including low intakes of animal-
based protein, TFAs and higher levels of plant-based protein, dietary fibre and PUFA:SFA,
which is generally representative of dietary intake in rural areas (James et al., 2000). The

reason for this seeming inconsistency may be ascribed to other factors, such as increased
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psychological stress among rural groups (Pieters etal., 2011b; Kaptoge et al., 2007,
Frimerman et al., 1997). Psychosocial stressors (i.e. low socio-economic status) have
been reported to result in increased concentrations of procoagulant molecules (i.e.
fibrinogen or coagulation factor VII) and reduced fibrinolytic capacity, which causes a
hypercoagulable state (Von Kéanel et al., 2001). In general, fibrinogen concentrations are
higher in black South Africans than in Caucasian individuals and the mean fibrinogen
concentration of 3.70 + 2.18 g.L"1 for the whole group is greater than 2.5 g.L™, which is the
cut-off value usually associated with low CVD risk (Pieters & Vorster, 2008). The higher
fibrinogen concentrations observed in the black South African population compared to
those reported for Caucasian populations support the notion that 30-50% of the variance
of plasma fibrinogen concentrations are genetically determined (de Maat, 2001).

A positive relationship exists between blood pressure and CVD (de Backer, 2008) and
hypertension is one of the primary risk factors for atherosclerosis and CVD, since elevated
blood pressure forces the myocardium to work harder to pump blood into the arteries.
Furthermore, a single increase of 20/10 mm Hg above the desirable blood pressure values
doubles the risk of death from CVD (Rosendorff, 2007). The mean SBP and DBP values
for all of the groups were within the pre-hypertensive range i.e.
120-139 mmHg/80-89 mmHg (Chobanian et al., 2003). The mean SBP and DBP values
were significantly higher among the urban group (p = 0.00) when compared to the rural
group, which emphasises the presence and consequences of unhealthy lifestyle behaviour
(Tomson & Lip, 2005). All of the aforementioned reference ranges for CVD risk factors
were based on Caucasian individuals, as the respective ranges for black Africans are yet
to be identified and interpreting these data in terms of CVD risk in the African population

should be done with caution.

Data on the dietary habits of TE intake [in absolute kilojoules (kJ)], total fibre and
cholesterol intake (in absolute grams), total fat, SFA, MUFA and PUFA in percentage of
TE, were also analysed, as these dietary aspects have been reported to play a role in CVD
development (James et al., 2000). The mean energy intake for women as well as for men
was higher than the recommended daily kJ intake for women (6 720 kJ) and men
(8 400 kJ), respectively (Vorster & Nel, 2001; Wolmarans & Oosthuizen, 2001). The
significantly higher kJ intake for urban dwellers compared to rural dwellers (p = 0.00) was
expected and can be attributed to the effect of urbanisation with the accompanying
nutrition transition phenomenon, which includes following an energy-dense diet (Misra
etal., 2010; Popkin, 2006; Alberts etal., 2005; Vorster, 2002; Yusuf etal., 2001a).
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However, another important aspect to take note of in the nutrition transition is that the
energy density of food choices increases as the available income to buy food decreases,
which in turn can result in higher energy intakes among lower income groups (Temple &
Steyn 2009). Furthermore, the significantly lower kJ intake for women when compared to
men (p = 0.00) was also expected, since the recommended daily energy intakes are also

reported to be lower among women.

When comparing the energy derived from fat intake of this population against the
recommended AMDRs for fat (20-35%), the urban group as well as both of the gender
groups were within the AMDR ranges. The energy distribution for dietary fat intake among
the rural group was lower than the AMDR, which can be explained by the consumption of
a more traditional diet, known to be lower in fat (Alberts et al., 2005; Vorster, 2002; Yusuf
et al., 2001a) and simply as a result of a lower TE intake per day compared to the urban
group (Table 5.1). Furthermore, the energy distribution for total fat was significantly higher
for the urban group than the rural group (Table 5.1), again possibly because of the

aforementioned reasons.

However, when investigating the distribution of the different dietary fats, the differential
vulnerability towards certain disease risks between populations, gender and geographical
groups may become apparent. The energy distribution of the different dietary fats was in
line with the recommendations on the quantity (total amount) and quality (type) of fat in the
diet for optimal health across the life span (Lichtenstein et al., 2006). The SFA should
provide no more than 10% of the daily energy intake and in the present cohort it provided
approximately 6%. PUFA contributed almost 7% of the daily energy intake of the total
population and this too is in line with the recommendation of 6-10 % (Lichtenstein et al.,
2006). Lichtenstein and co-workers (2006) suggested that the remainder of the energy
from fat should be provided by MUFAs, whereas TFA should be less than 1% of the daily
energy intake (Lichtenstein et al., 2006), as it was in the present cohort (Table 5.1).
Furthermore, the total cholesterol intake (188 + 156 mg/day) is also well below the
recommended < 300 mg/day (Lichtenstein et al., 2006). Therefore, the different dietary fat
distributions for this population are within desirable, healthy ranges despite gender or

geographical location differences.

The means of all of the different dietary fat types (SFA, TFA, MUFA, and PUFA) were
significantly higher for the urban group than the rural group, as well as for women

compared to men (p = 0.00), which is in accordance with previously reported national data
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(Steyn & Nel, 2006). This observation can possibly be explained by the higher fat content
and energy-density of the diet that is expected according to the nutrition transition in the
urban group. The higher dietary fat intake among women might be explained in the light of
their dietary fibre intake. Dietary fibore may promote satiety by slowing gastric emptying,
leading to an overall decrease in energy intake (Schneeman, 2002), resulting in lower fat
intake. However, the mean total dietary fibre intake of the women was below the dietary
reference intake recommended for adult women of the particular age group, which should
be 21 g. This might explain why their fat intake was higher. Furthermore, the significantly
lower total dietary fibre intake among the rural group corresponds with the published
literature that states that dietary fibre intake increases with urbanisation (Vorster et al.,
2005); however, it does not correspond with the observed higher fat intake among the
present urban group. Therefore, the suggestion that other contributing risk factors (i.e.
lifestyle or genetic) should be taken into consideration as a possible explanation of the

results is correct.

Using the cutoff limits as discussed in Supplementary A: Section 1.4, it was determined
that 18.2% of the population were considered to be underweight, 42.9% were of normal
weight, 17.7% were overweight and 21.2% were obese. According to Table 5.2, the
results observed regarding the association of the different lipid profile variables of this
population with BMI, were similar to previous reports (Kushner & Blatner, 2005). Firstly,
there was a significant difference between the lipid profile determinants for each BMI
range/category for the total population as well as by gender and locality grouping
(p =0.00). The TC concentrations for the total population, women and rural dwellers
(p = 0.00) were highest among individuals who were classified as being overweight
(according to their BMI, which ranged between 25 and 29.9 kg.m?). The TC
concentrations were highest among obese (BMI >30 kg.m™) individuals who resided in an
urban area and plateaued among overweight and obese men; p = 0.00 (Table 5.2).

LDL-C concentrations increased significantly with increasing BMI categories for the total
population, urban dwellers and women (p = 0.00). Among men and individuals from the
rural setting, the LDL-C concentrations peaked in the overweight BMI category (p = 0.00),
but plateaued among the obese subjects. The HDL-C concentrations decreased
significantly with the increase in BMI for the total population and for the separate groups
i.e. locality and gender (Table 5.2). Lastly, the TG concentrations increased significantly
with each BMI category, with men and urban dwellers having significantly higher TG
concentrations (p = 0.00). These observations are all concurrent with the literature that
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states that increasing body weight is linked to higher TG and LDL-C and lower HDL-C

concentrations (Shamai et al., 2011).

Table 5.2  Categorical baseline characteristics per gender and locality, in the
PURE study population

BMI (kg.m™) History of tobacco use HIV status
<185 ‘18.5-24.9‘ 25-29.9 ‘ 230 Never ‘ Former ‘ Current Pos ‘ Neg
TC (mmol.L™

Whole 4.61 4.94 5.31 5.27 5.15 4.84 4.90 4.39 5.13
Rural 4.46 4.94 5.35 5.20 5.17 4.75 4.80 4.44 5.07

Urban 4.81 4.95 5.27 5.32 5.13 4.93 5.00 4.34 5.19
Male 4.49 4.85 5.27 5.27 5.00 4.72 4.72 4.24 4.92

Female 4.80 5.03 5.33 5.27 5.21 5.06 5.04 4.47 5.41

LDL-C (mmol.L™)

Whole 2.42 2.83 3.28 3.30 3.11 2.86 2.77 2.60 2.99
Rural 2.37 2.87 3.29 3.27 3.14 2.90 2.73 2.63 2.98

Urban 2.49 2.76 3.27 3.33 3.08 2.82 2.82 2.55 3.00
Male 2.30 2.74 3.40 3.29 3.00 2.79 2.54 2.46 2.75

Female 2.60 2.91 3.25 3.30 3.16 2.98 2.95 2.67 3.42

HDL-C (mmol.L™)

Whole 1.73 1.58 1.40 1.30 1.39 1.45 1.59 1.23 1.57
Rural 1.66 1.56 1.46 1.29 1.47 1.29 1.57 1.28 1.56

Urban 1.82 1.61 1.33 1.31 1.42 1.50 1.60 1.18 1.59
Male 1.75 1.58 1.22 1.18 1.44 1.38 1.68 1.23 1.64

Female 1.69 1.58 1.45 1.31 1.45 1.41 1.51 1.23 1.49

TG (mmol.L™)

Whole 1.02 1.26 1.45 1.49 1.36% | 1.31t 1.25% 1.29° | 1.30°
Rural 0.97 1.18 1.35 1.42 1.28 1.25 1.16 1.21 1.22

Urban 1.08 1.34 1.54 1.55 1.44 1.36 1.33 1.37 1.39
Male 0.94 1.26 1.53 1.77 1.30" 1.21* 1.17% | 1.28° | 1.21°

Female 1.13 1.25 1.42 1.47 1.38* 1.47* 1.30" | 1.29¢ | 1.12°

All of the variables which differed significantly for the whole group according to the respective categorical variable and by locality and
gender has a p-value of = 0.00, except where otherwise indicated: £ = 0.77; @ = 0.02; ¥ = 0.03; # = 0.01; BMI = body mass index;
HDL-C = high-density lipoprotein cholesterol; HIV = human immunodeficiency virus; LDL-C = low-density lipoprotein cholesteral;
neg = negative; pos = positive; TC = total cholesterol; TG = triglycerides

Unexpected observations were made regarding the history of tobacco use in relation to the
lipid profile in the present cohort. Individuals who had never smoked had significantly
higher TC, LDL-C and TG concentrations (p = 0.00) compared to individuals who had
smoked before or were current smokers. The relationship for TC can be visually described
as almost U-shaped, i.e. those that reported never having smoked before had the highest
TC, but this decreased in individuals who had smoked before and then increased again
among current smokers. However, a negative linear relationship was observed for LDL-C
and TG in the different tobacco use categories, i.e. the highest LDL-C was among
individuals who had never smoked before and the lowest LDL-C concentrations were
among current smokers (Table 5.2). Furthermore, the HDL-C concentrations were

significantly higher among current smokers (p =0.00) compared to the lower HDL-C
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concentrations observed in individuals who had never smoked or had formerly smoked,
which is in accordance with the limited number of previous studies conducted among black
South Africans (Zatu etal., 2011; Alberts etal., 2005; Vorster etal., 2002). All the
aforementioned results are, however, different from those reported in literature for
Caucasian individuals (Campbell et al., 2008; Ambrose & Barua., 2004, Craig et al., 1989).
According to the current study the reason for this observation is unclear, but a possible
reason might be the role genetic predisposition plays in the development of atherogenesis
in individuals exposed to cigarette smoke (Ambrose & Barua., 2004). Previous studies
have reported that either the cytochrome P-450 1A1 (CYP1A1l) MSP polymorphism or
certain endothelial nitric oxide synthase intron 4 polymorphisms increased the
susceptibility to atherosclerotic diseases related exposure to cigarette smoke (Clouse
et al., 2000; Mayhan & Sharpe, 1999). However, the prevalence of these particular
genetic variants has not been determined on a global level in cigarette smokers and, their
biological relevance and importance are therefore unknown (Ambrose & Barua, 2004).
Since the health effects of cigarette smoking were more adverse among the non-smokers
than the smokers in the present population, it could be hypothesised that other genetic
variants might be partially responsible for these observations. However, further research
focusing on tobacco use and its effect on the lipid profile in a black South African
population is necessary, since studies on this topic are limited in South African

populations.

What is also clear from Table 5.2 is that individuals not infected with HIV have significantly
higher TC, LDL-C and HDL-C concentrations, which is applicable to all the stratification
groups. No difference was observed for the TG concentrations between HIV positive and
negative individuals for the total study population. However, the TG concentrations were
significantly higher among HIV positive individuals compared to HIV negative individuals,
grouped by gender (p = 0.02). Furthermore, the HIV negative participants presented with
significantly higher TG concentrations compared to the HIV positive participants, when
grouped by their area of residence (p = 0.00). Even though 16.2% of the population were
HIV positive, the subjects recruited to take part in this study were apparently healthy, and
those who were HIV positive were not aware of their HIV status prior to the instigation of

the study and therefore did not use antiretroviral therapy.

This section described the influence of certain environmental and phenotypic factors in the
present cohort. The following sections will discuss the determination of the genetic
variations in the ApoE gene.
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5.2 GENETIC DATA COLLECTION

The experimental procedures used in the present study included DNA isolation from buffy
coat samples, PCR, agarose gel electrophoresis, purification of PCR products, automated
sequencing and genetic screening via real-time PCR and BeadXpress® analyses. For all
of these experimental procedures, commercially available kits were used, which required
minimal optimisation. The optimisation of the BeadXpress® and real-time PCR
procedures were performed with the use of various controls, which will be discussed in
greater detail in Sections 5.3 and 5.4. The results obtained for each of these protocols
and processes are discussed in the following sections.

52.1 DNA isolation

The samples used for DNA isolation were obtained with written informed consent from
each study participant, as outlined in Section 4.2. A modified protocol of the FlexiGene
DNA Isolation Kit (QIAGEN®) was used for the manual extraction from buffy coat samples
as discussed in Section 4.3.1. After extracting DNA from certain samples using the
FlexiGene kit, very low DNA yields were obtained and this might have been due to these
individuals simply having low levels of white blood cells. The samples for which an
insufficient yield was obtained through the manual DNA isolation method were re-isolated
using a different technique i.e. the Maxwell® 16 System, as it is a more efficient automated
purification system (as discussed in Section 4.3.1). It was important to normalise the
concentration of all 2010 DNA samples due to the fact that the genotyping was conducted
via an automated system where it was crucial to standardise the volumes of the reagents
added to the reaction as opposed to manual genotyping methods (i.e. PCR) where each
samples’ volume can be amended individually if need be and, therefore, the researchers of
this study decided upon a cut-off value between 45 and 55 ng.uL™ to ensure consistent
amplification. The yield and purity of the isolated DNA from both techniques were
determined, as discussed in Section 4.3.1. The total yield of the manually isolated DNA
ranged from 15.2-142.4 ug, while the yield of the DNA obtained from the samples isolated
via the Maxwell® 16 System ranged between ca. 25.5-128.7 ug. Good quality DNA
(without any contamination of ethanol and other proteins) has an Azeo/A2go ratio of 1.7-2.0.
The Azso/Azg ratio of the manually isolated DNA and DNA, obtained through the Maxwell®
16 System as measured by the NanoDrop®ND-1000 spectrophotometer, ranged from
1.74-1.88 and 1.70-1.87, respectively and was therefore of good quality.
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5.2.2 Polymerase chain reaction amplification and automated sequencing

The ApoE gene in this study was initially amplified in five fragments. After the sequences
for these fragments had been aligned, a minor 31 bp gap was identified between
fragments two and three. As a result, primer set six (Section 4.3.2) was designed and the
amplification process for fragment six was conducted by the author of this study and Ms B
Swanepoel, in order to obtain sequence data for this gap. However, even though the
primers were successful, a “tg” homopolymeric region repetition in the sequences for
fragment six occurred, which resulted in an unreadable sequence for this 31 bp gap
(Figure 4.5).

All of these PCR fragments were less than 1 000 bp in size, as this is the maximum length
that the Sanger sequence can yield
(http://www.biotech.wisc.edu/facilities/dnaseq/sequencing/sangersequencing). In order to
ensure that specific primers were designed to amplify these fragments successfully,

certain conditions had to be adhered to, as discussed in Section 4.3.2.

The optimised annealing temperatures (T,) that were used to amplify the five (successful)
DNA fragments of the ApoE gene are provided and discussed in Section 4.3.2. The
polymerisation enzyme Promega Taqg™ DNA polymerase was used and 37.5 pmol MgCl,
was sufficient for the successful amplification of fragments one to five. As part of the
optimisation process of fragment six, the decision was made to increase the actual
quantity of MgCl, (to 125 nmol), which was added to the master mix. The reason for this
was to ensure that the activity of the tag polymerase was not reduced due to a lack of
Mg?®" ions for the proper functioning of its active centre (Markoulatos et al., 2002). All the
successfully sequenced fragments were amplified as summarised in Chapter 4,
Section 4.3.2. The key insight gained with regard to the PCR optimisation procedure, was
the need to increase the annealing/extension step to one minute in order to achieve
improved amplification results. An easy rule to apply was to consider an extension time (in
minutes) equal to the number of kilobase pairs (kb) of the product to be amplified i.e.
one minute for a 1 kb product (http://medicine.yale.edu/labs/henegariu/www/tavi/p08.html).
Another possible reason why the annealing/ extension step of one minute might have
resulted in successful amplification can be ascribed to the rich GC content of this region
prolonging the binding activity and effectiveness of the Taq polymerase in this region

(http://medicine.yale.edu/labs/henegariu/www/tavi/p08.html).

84


http://www.biotech.wisc.edu/facilities/dnaseq/sequencing/sangersequencing
http://medicine.yale.edu/labs/henegariu/www/tavi/p08.html
http://medicine.yale.edu/labs/henegariu/www/tavi/p08.html

CHAPTER FIVE RESULTS AND DISCUSSION

DNA was replaced with nuclease-free ddH,O (Promega) in a single sample as a negative
control for each batch of PCR reactions. Analysis of the success of amplification was
achieved by agarose gel electrophoresis. The absence of a visible fragment in the
negative control on the electrophoresis gel, served as a positive result for lack of
contamination of the samples. For the positive control (containing control DNA), a clearly
visible fragment (of the expected length) confirmed that the experimental protocols
remained constant and progressed normally. In all the regions, the 50 bp and 100 bp
molecular weight markers from Fermentas GeneRuler™ were used interchangeably,
based on availability, to estimate the fragment size and are indicated in the figures
illustrating photographic representations of the successful amplification of the various
fragments in the section below.

5.2.3 Identification of polymorphisms in the ApoE gene

The locations of all the identified SNPs in the ApoE gene are illustrated in Figure 5.1. The
process used to identify and select the list of SNPs in the ApoE gene is described in
Section 4.3.3. As mentioned, six fragments were amplified, but successful sequencing
data (in both the forward and the reverse direction) were only obtained for five of the

fragments (Figure 5.1) and will be discussed subsequently.

5.2.3.1 Amplification of fragment one in the ApoE gene

The protocols for the sequencing of the ApoE gene as stated in Section 4.3.2 (Table 4.1)
were followed at the optimised T, of 56°C to amplify fragment one of the ApoE gene.
Fragment one of the ApoE gene, was determined to be 829 bp in size and consisted of a
combination of regions, i.e. promoter, intron one and exon one. Figure5.1 is a
photographic representation of the successful amplification of a subset of the 30 random
samples from the PURE study. Furthermore, Figure 5.2 also illustrates that the negative
control had no amplification, which indicates that no contamination occurred (Figure 5.1,
Lane C).
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Figure 5.1 Photographic representation of the successful amplification of
fragment one of the ApoE gene at 56°C
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DNA of 30 random samples was electrophoresed on a 2% agarose gel at 100 volts for 60 minutes in 1% Tris/Borate/EDTA (TBE buffer);
C: distilled water or dH,O was used as the negative control; lane M: 50 bp Fermentas GeneRuler™ marker

These amplification products were sequenced as described in Section 4.3.2. The raw
sequence electropherograms obtained for the 30 randomised samples were manually
aligned to the human genomic reference ApoE gene (Genbank Accession number
AF261279) using the CLC sequence viewer program (Section 4.3.3). With the reference
gene as a template, four SNPs, (rs405509, rs440446, rs769446 and rs769447) were
identified in fragment one of the ApoE gene (Figure 4.5). However, two of the SNPs
(rs769446 and rs769447) were not included in the final list of SNPs to be analysed further,
because of low cluster separation scores, as will be discussed in Section 5.3. The two
SNPs that did form part of the final SNP list (rs405509 and rs440446), are presented in
Figure 5.2, which is a graphic representation of the location where these SNPs were
identified in some of the 30 random samples, as well as their respective base pair

alterations.
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Figure 5.2 Representative electropherogram for the SNPs rs405509 and rs440446
identified in fragment one of the ApoE gene
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Referencesequence CCCcagaatggaggagggtgtctggattactgggegaggtgtecteccttectggggactgtggogg
rs405509

Consensus ¢ cCCAGAATGGAGGAGGGTGTCTGKATTACTGGGCGAGGTGTCCTCCCTTCCTGGECACTGTEEEEE

ApoF primer 1F
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Referencesequente tctagaaagagctgggaccctgggaaccecetggectecaggtagtetecaggagagetacteggygte
rs440446

Consensus o1 aGAAAGAGCTGGGACCCTGGGAASCCCTGGCCTCCAGEGTAGTCTCAGGAGAGCTACTCGGEETE
ApoFprimer1F
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A = adenine; C = cytosine; G = guanine; K = G or T (NC-IUB, 1985); T = thymine. The reported alteration has been indicated with a red
highlight.

5.2.3.2 Amplification of fragment two in the ApoE gene

The T, for fragment two of the ApoE gene was determined to be 67.2°C, as per
temperature gradient analysis. This fragment was 843 bp in length and was located in an
intronic region. Furthermore, an overlap of 295 bp between fragments one and two was
observed. From Figure 5.4 it can be determined that fragment two was successfully
amplified in a subset of the 30 random samples from the PURE study, after implementing
the protocols discussed in Section 4.3.2: Table 4.1. Moreover, this figure indicates that no
contamination occurred owing to the lack of amplification in the negative control
(Figure 5.3).
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Figure 5.3 Photographic representation of the successful amplification of
fragment two of the ApoE gene at 67.2°C
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Amplified products of a subset of 30 random samples were separated by a 2% agarose gel electrophoresis at 100 volts for 60 minutes
in 1% Tris/Borate/EDA (TBE buffer); C: pure water was used as the negative control; lane M: 50 bp Fermentas GeneRuler™ marker

These amplification products were sequenced and aligned to the reference gene as
described in Section 4.3.3. Upon sequencing the 30 random samples in the present
dataset, it was revealed that all the participants were homozygous for the wild type allele
(GG) at the rs769449 locus (Figure 4.5). This SNP is at the end of the readable sequence
of this fragment and this might explain the poor sequence quality observed for this
particular section (Figure 5.4). However, this SNP, along with another SNP [(rs769448),
which was identified through literature] were not included in the final list of SNPs to be

analysed further because of low cluster separation scores as discussed in Section 5.3.

Figure 5.4 Representative electropherogram for the SNP rs769449 identified in
fragment two within the ApoE gene
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Reference sequence catcctcacctcaacctcctggecccattcaggcagaccctgggcceccctettetgaggettct
rs769449

Consensus cATCCTCACCTCAACCTCCTGGCCCCATTCAGGCAGACCCTGGGCCCCCTCTTCTGAGGCTTCT

ApoE primer 2bR

Trace data  [\/)LY

A = adenine; C = cytosine; G = guanine; T = thymine (NC-IUB, 1985); refseq = reference sequence. The reported rs-number has been
indicated with a red banner at the specific loci of interest.
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5.2.3.3 Amplification of fragment three of the ApoE gene

Fragment three in the ApoE gene is also located in an intronic region and stretches over
918 bp. As discussed in Section 5.2.2, this fragment did not overlap with the previous
fragment, since a gap of 31 bp in length was observed (Figure 4.5). A sixth primer set was
designed and the amplification process was optimised to provide the sequence data
necessary for these fragments’ sequences to overlap. However, only poor sequencing
data were obtained for fragment six because of the homopolymeric repetition as discussed

in Section 5.2.2, this small gap in the sequence of the ApoE gene remained.

The PCR protocols for fragment three, as discussed in Section 4.3.2, were followed in
conjunction with a temperature gradient analysis to determine a T, of 53°C. Figure 5.5
illustrates the successful amplification of this fragment for a subset of the 30 random
samples from the PURE study, using the aforementioned protocol. Moreover, no
contamination occurred in this run, as no amplification occurred for the negative control
(Figure 5.5). However, the presence of the fragments at the bottom of each lane of the
agarose gel indicates the possible presence of primer dimers, which represent the
attachment of the primers to one another instead of the amplicon itself. Secondary
fragments also occurred, possibly as a result of mispriming. Although an extensive
optimisation process was followed in an attempt to prevent the occurrence of these primer
dimers and secondary fragments, this remained the best amplification product obtained
(Figure 5.5). The actual fragments were therefore removed from the agarose gel and
aliquoted into 0.2 pl tubes, which were submitted for gel cleanup and thereafter for

sequencing (as discussed in Section 4.3.2).
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Figure 5.5 Photographic representation of the successful amplification of
fragment three of the ApoE gene at 53°C
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DNA of 30 random samples was separated by a 2% agarose gel electrophoresis at 100 Volts for 60 minutes in 1% Tris/Borate/EDA
(TBE buffer); C: pure water as the negative control; lane M: 50 bp Fermentas GeneRuler™ marker

After aligning the sequence products obtained from amplified fragment three of the 30
random samples of the PURE study, three novel alterations were identified. Two of the
three novel SNPs were excluded after applying the custom GoldenGate genotyping assay
to validate the initial SNP list to be sent for genotypic analyses via the BeadXpress®
Reader, since these SNPs were less than 60 bp apart (Section 5.3.1). Furthermore, one
previously reported alteration, i.e. rs769450 (identified via the literature research
conducted) occurred in this fragment (Figure 4.5). However, after investigating the
validation scores for the novel SNP (Figure 5.6) as well as those obtained for the SNP
rs769450 (Section 5.3.1: Table 5.3), these alterations within this fragment, were excluded
from the final list of SNPs to be analysed further, primarily because of low cluster

separation, as discussed in Section 5.3.1.
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Figure 5.6 Representative electropherogram for the novel SNP identified in
fragment three in the ApoE gene
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Reference sequence gaataccagacacggggcagctgtgatctttattctccatcaccccoc
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Consensus GAATACCAGACACGGGGCASCTGTGATCTTTATTCTCCATCACCCCC

ApoE primer 3F
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A = adenine; C = cytosine; G = guanine; T = thymine; S = C or G (NC-IUB, 1985); refseq = reference sequence. The novel SNP has
been indicated with a red banner at the specific loci of interest.

5.2.3.4 Amplification of fragment four in the ApoE gene

Fragment four was amplified via the protocol provided in Table 4.1 in Section 4.3.2. This
fragment contains exon three of the ApoE gene and is 963 bp long, which was confirmed
by comparing the fragment length to the 100 bp marker (Fermentas GeneRuler™) that
was used during the agarose electrophoresis, as indicated in Figure 5.7. A 138 bp overlap
between fragments three and four occurred. From Figure 5.7 it is clear that no
amplification occurred in the negative control; however, this figure also indicates that the
amplification of fragment four, for the 30 random samples from the PURE study, had
issues with secondary fragments which formed. Despite the presence of these secondary
fragments, Figure 5.7 illustrates the best amplification product that was obtained after an
extensive optimisation process of this fragment. Therefore, the correct fragment was
excised from the agarose gel and aliquoted into 0.2 ul tubes. It was then submitted for gel

cleanup and subsequent sequencing (Section 4.3.2).
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Figure 5.7 Photographic representation of the successful amplification of
fragment four of the ApoE gene at 54.3°C

bp M 11 12 13 14 15 16 17 18 19 C

1000
900 | o ew O W T B W Ty
800
700
600
500
400
300
200
100

The amplified products of fragment four in 30 random samples from the PURE study were separated by 2% agarose gel electrophoresis
at 100 volts for 60 minutes in 1% Tris/Borate/EDTA (TBE buffer); C: pure water used as the negative control; lane M: 50 bp Fermentas
GeneRuler™ marker

The amplification products of 30 random samples from the PURE study were sent for
sequencing, as mentioned in Section 4.3.2, and aligned to the reference sequence in order
to identify SNPs in the particular fragment, as discussed in Section 4.3.3. Only one
polymorphism was identified, in this fragment, from the 30 random samples from the
PURE study (rs769452) and was included in the final SNP list for reasons specified in
Section 5.3. Furthermore, one SNP that was identified by literature occurred in this
fragment (rs11542029; Figure 4.5). The electropherogram as indicated in the CLC
Workbench sequence viewer program for the rs769452 SNP is illustrated in Figure 5.8.

Figure 5.8 Representative electropherogram for the SNP rs769452 identified in
fragment four in the ApoE gene
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Reference sequence gagtggcagageggeccagegetgggaactggcactgggtegettttgggattacetgegetg
rs769452

Consensus GAGTGGCAGAGCGGCCAGCGCTGGGAACTGGCACTGGGTCGCTTTTGGGATTACCTGCGCTG
ApoE primer 4F
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A = adenine; C = cytosine; G = guanine; T = thymine (NC-IUB, 1985). The reported rs-number has been indicated with a red banner at
the specific loci of interest.
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5.2.3.5 Amplification of fragment five in the ApoE gene

Fragment five is 869 bp in length and contains exon four of the ApoE gene. A 54 bp
overlap occurred between fragment four and five (Figure 4.5). Figure 5.10 illustrates the
successful amplification of fragment five in a subset of the 30 random samples from the
PURE study using the protocols and T, provided in Table 4.1 in Section 4.3.2. The
absence of any amplified product in the negative control lane indicates that no
contamination occurred (Figure 5.9, Lane C). However, the presence of the primer dimers
indicated that the primers did not attach as effectively to the amplified region as they did to
one another. However, since the primer dimers are only 20-25 bp in length it does not
affect the sequencing analyses and the actual fragments do not need to be removed from

the agarose gel to obtain effective sequencing data.

Figure 5.9 Photographic representation of the successful amplification of
fragment five of the ApoE gene at 61.4°C
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Amplified DNA product of a subset ot the 30 random samples was separated by a 2% agarose gel electrophoresis at 100 Volts for
60 minutes in 1% Tris/Borate/EDTA (TBE buffer); lane 31: pure water as the negative control; lane M: 50 bp Fermentas GeneRuler™
marker

After aligning the sequence products obtained from amplified fragment five, of all 30
randomly selected samples of the PURE study, to the reference sequence, only two
genetic alterations were identified: rs429358 and rs7412. Four other genetic alterations
(rs11542040, rs1108375, rs11542035, and rs769455) which were identified from a
computer-based literature search, also occurred in fragment five (Figure 4.5). These
SNPS were, however, already excluded after the custom GoldenGate genotyping assay
had been applied to validate the initial SNP list to be included for genotypic analyses via
the BeadXpress® Reader (Section 4.3.4). Four of the six SNPs that occurred in this
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fragment were less than 60 bp apart (rs429358 rs11542035, rs769455 and rs7412).
However, it was vital to obtain the genotypic data for SNPs rs429358 and rs7412, since
these SNPs are vital in enabling comparisons with the extensive amount of literature
available for the haplotype-genotypes that occur as a result of the strong LD between
these two SNPs (Section 3.2). Therefore, these SNPs were included in the final SNP list
as opposed to the other SNPs. Figure 5.10 is a graphic representation of the location of
the two SNPs included (as illustrated by the CLC Workbench sequence viewer program).

Figure 5.10 Representative electropherogram for the SNPs rs429358 and rs7412
identified in fragment five in the ApoE gene
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Reference sequence tgggcgcggacatggaggacgtgtgcaggccgectggtgcagtacecgeggega
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ApoE primer 5F
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Reference sequence tccgcgatgccgatgacctgecagaagegcctggecagtgtaccaggecggggeccgegagggege
rs7412

Consensus 1ccGCGATGCCGATGACCTGCAGAAGYGCCTGGCAGTGTACCAGGCCGGGGCCCGCGAGGGCGE

ApoE primer 5F

Trace data

A = adenine; C = cytosine; G = guanine; T = thymine; Y = C or T (NC-IUB, 1985). The reported alteration has been indicated with a red
highlight

5.2.3.6 Polymorphism in the ApoE gene, reported in literature

One of the ApoE polymorphisms that was included in the final SNP list, but was not
identified by means of sequencing and was, therefore, included as a result of the literature
review performed (as discussed in Section 4.3.3) is rs1080110. This SNP occurred in the
promoter region of the ApoE gene, which was not sequenced in the present study.
Furthermore, little attention has been paid to the characterisation of polymorphisms in
other regions of the ApoE gene (as discussed in Section 3.4). However, Nickerson and
co-workers (2000) were one of the first research groups to identify other SNPs in the ApoE
gene, i.e. SNP rs1080110. All the SNPs identified had to apply to the BeadXpress® criteria
as well (Section 5.3), which resulted in only the rs1080110 SNP being included in the final

SNP set submitted and not the other SNPs that occurred in one of the aforementioned

94



CHAPTER FIVE RESULTS AND DISCUSSION

fragments that were also identified from literature, i.e. rs11542029, rs11542040,
rs1108375, rs11542035, rs769455 and rs1081106. Section 5.3 will discuss the
high-throughput genotyping method via the BeadXpress® T Reader from lllumina, which
was used to analyse the majority of the SNPs identified in the ApoE gene, whereas
Section 5.4 will describe the genotyping of the rs7412 SNP with the use of the real-time
PCR analyses, conducted on the Bio-Rad CFX96 qPCR apparatus.

5.3 BEADXPRESS® ANALYSES

In order to determine the ApoE genotypic status at the loci under investigation, rather than
the standard phenotyping method determined by isoelectric focusing followed by
SDS-PAGE and immune blotting with anti-ApoE (Menzel & Utermann, 1986), a
DNA-based technique was used. DNA amplification technologies used for genotyping are

much more advanced techniques and less prone to error.

The results obtained from designing the custom GoldenGate® genotyping assays are
indicated in the following section. These results were used to determine the final list of
SNPs to be investigated further and the results thereof are also discussed in greater detail

in the succeeding sections.

5.3.1 Designing custom GoldenGate® genotyping assays

Section 4.3.3 describes the process used to identify and select the list of SNPs in the
ApoE gene, which were submitted for validation for analysis with the BeadXpress®
T-Reader Platform. Initially, a total of 20 SNPs were identified from the literature as well
as the sequenced data of the 30 randomly selected samples from the PURE study. This
extended list was submitted for genotyping on the BeadXpress® T-Reader Platform.
However, from this list, seven SNPs (two novel SNPs at position 45410498 and 45410550
on chromosome 19, as well as rs769447; rs11542029; rs11542040; rs1108375 and
rs11542035) were excluded, as these SNPs were less than or equal to 60 bp apart from
each other. Further criteria used were that GoldenGate-validated SNPs were favoured
above the rest, as these SNPs have been used in previous assays and, therefore, had
established primers. GoldenGate®-validated SNPs also have the highest chance of
converting into successful assays. Furthermore, the criteria applied when two-hit validated
SNPs had to be used was to use the SNPs with the higher SNPScores first.
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The criteria and results that were used to determine this final SNP list are discussed in
greater detail in the following paragraphs and are presented in Table 5.3. Table 5.3
represents the validation scores for the identified SNPs that were to be investigated via the
GoldenGate® Genotyping assays. The higher the values of the SNP score (between
0.0-1.1), the greater the ability to design a successful assay. An SNP score of 1.1
represents a GoldenGate®-validated SNP that has previously been designed and has
successfully generated polymorphic results on the Illumina® platform. The only
GoldenGate®-validated SNP in this analysis was rs440446 (Table 5.3).

Table 5.3  Validation scores for the identified SNPs within the ApoE gene
investigated in the PURE study

Final
SNP Designability | Failure Validation
Locus Name* Score Rank Codes Validation Bin Class
rs1081101 0.522 0.5 -- NonValidated 1
rs769446 0.257 0 360 NonValidated 1
rs405509 0.845 1 - TwoHit_OneKGenomeValidated 200
rs440446 1.1 1 -- GoldenGate®Validated 900
rs769448 0.701 1 -- NonValidated 1
rs769449 0.583 0.5 -- OneKGenomeValidated 100
rs769450 0.37 0 360 OneKGenomeValidated 100
ApoELSO01 novel 0.965 1 340 Unknown 0
rs769452 0.518 0.5 -- NonValidated 1
rs429358 0.418 0.5 -- TwoHit_OneKGenomeValidated 200
rs769455 0.394 0 ::33?1% HapMapValidated 120
rs7412 0.572 0.5 340 TwoHitValidated 110
rs1081106 0.399 0 360 NonValidated 1

;%ziﬁgdzegzisgoﬁiﬁixs used as the source of SNP information during these analyses; rs = reference sequence; SNP = single
The SNP score represents the ability to design a successful assay. The designability rank
for each SNP is a simplified representation of the SNP score for easily sorting and filtering
the results. An SNP score of <0.400 equals a rank of 0 and indicates a low success rate
of the OPA, when included in the OPA tube. Four SNPs (rs769450; rs769455; rs1081106;
rs769446) obtained a failure score of 360 after the SNP analysis phase, as these SNPs’
final SNP scores were less than 0.4. Assays with final SNP scores of <0.4 were avoided,
since these assays could decrease the overall performance of all assays. An SNP score
of between 0.400 to <0.600 equals a designability rate of 0.5 and points to the particular
SNP having a moderate success rate and a moderate risk of failure of the OPA. An SNP
score between the values of 0.600 and 1.1 equals a designability rank of 1, which
indicates a high success rate of the OPA for that given SNP. Therefore, the SNPs at
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rs1081101, rs769452, rs429358, rs7412 and rs769449 had a moderate success rate and
moderate risk to the success of the OPA, whereas the SNPs at rs440446, rs405509 and
rs769448 had a high success rate and low risk to the success of the OPA (Table 5.3). The
SNP at rs7412 and the novel SNP had moderate to high success rates; however, these
SNPs obtained a failure score of 340 after the SNP analysis phase, probably because of
other SNP(s) in the list being closer than 61 nucleotides away. However, as mentioned in
Section 5.2.3.5, SNP rs7412 was still included in the final SNP list to be analysed
statistically, as it was genotyped on the Bio-Rad CFX Manager® (version 2.0). Because of
limited funds, only one of these SNPs (which could not be genotyped by the BeadXpress®)
could be genotyped on the Bio-Rad CFX Manager® (version 2.0). Consequently, the
literature is primarily focused on the ApoE haplotypes (g2, €3, €4), which are formed in
response to the strong LD between the rs7412 SNP and the rs429358 SNP. Therefore,
the decision was made rather to obtain the genotypic data for the rs7412 SNP in order to
be able to determine the haplotypic data, to compare with published results.

The “unknown” validation status given for the ApoE LS01 SNP is not unexpected, seeing
that this was a novel SNP identified in four of the 30 random samples from the PURE
study and, therefore, supporting the fact that this SNP is not reported in the dbSNP
database (Table 5.3). The other validation bin statuses mean the following: “Non
Validated” indicates that the SNPs rs1081101, rs769446; rs769448; rs769452 and
rs1061106 have only been analysed by a single method or in a single population before
and that even if these SNPs have a high design score, it is probable that they may be
monomorphic. The “Two Hit-” validation status ascribed to the SNPs rs7412, rs429358
and rs405509 indicates that both the alleles of these SNPs have been reported by two
independent methods or in two or more different populations or have been validated by the
HapMap project. The “OneK Genome Validated” status assigned to SNP rs769449 and
rs769450 indicates that these SNPs have been validated in the 1000 Genomes Project,
which aimed to discover the majority of the genetic variations that occur at population level
with a frequency greater than 1%. This was achieved through deep sequencing of
approximately 1000 individuals from various populations around the world, using next
generation platforms and technologies (Via et al., 2010). After careful consideration of all
the above-mentioned information, a final SNPscore file was assembled and the SNPs
mentioned in Table 5.4 were sent off for final assay design and analysis. Therefore, only
those SNPs listed in Table 5.4 were genotyped by either the BeadXpress® T Reader or by
using real-time PCR and all discussions and/ or statistical analyses were based on these

SNPs alone.
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Table 5.4  Summary of the characteristics of the SNPs in the ApoE gene that were
genotyped in black South African subjects

Chr 19 Position | Strand | Localisation rs-number SNP Type of mutations
45408077 Pos Flanking rs1081101 CIT Transition
45408836 Pos Promotor rs405509 AIC Transversion
45409167 Pos Intron rs440446 C/IG Transversion
45409579 Pos Intron rs769448 CIT Transition
45410002 Pos Intron rs769449 G/A Transition
45410498 Pos Intron ApoELSO01 novel G/IC Transversion
45411110 Pos Exon rs769452 CIT Transition (Leu/Pro)
45411942 Pos Exon rs429358 TIC Transition (Cys/Arg)
45412080 Pos Exon rs7412 CIT Transition (Arg/Cys)

A =adenine; Arg = arginine; bp = base pair; C = cytosine; Chr = chromosome; Cys = cysteine; G = guanine; Leu = leucine;
non-syn = non synonymous mutation; Pos = positive; Pro = proline; rs-number = reference sequence number; SNP = single nucleotide
polymorphism; T = thymine

5.3.2 Generation and analysis of the GoldenGate® genotyping data

The lllumina® GoldenGate® Genotyping assay is pre-optimised and flexible as it provides
researchers with the ability to design custom panels for high-quality, low to mid-multiplex
genotyping. Implementing quality control methods to optimise call rates, evaluate assay
performance, ensure sample quality and determine locus performance, ensures optimal
final data quality from the GoldenGate® genotyping assay. First, from an initial general
assessment of the assay performance that was conducted, it was determined that a
certain number of failed or suboptimal samples should be removed, to permit more
detailed sample quality evaluations. Subsequently, each locus was evaluated for editing
and exclusion from the assay to optimise call rates. The information metrics that were
used to ensure that the highest quality data were included were as follows: controls,
Gencall Score, Cluster Separation, SNP Call Frequency, and AB Mean for Intensity (R):
AB Mean for Theta (T) ratio, all of which are discussed in further detail in the succeeding

paragraphs.

The initial step in evaluating assay performance was to analyse the performance of the
numerous control analyses performed. Sample-dependent (positive), sample-independent
as well as contamination (negative) controls are all built into the GoldenGate® assay to
provide a manner in which the quality of the overall performance of samples, reagents,

equipment and the BeadChip can be assessed.
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The Universal BeadChip platform consists of several individual arrays manufactured on a
microscope slide-shaped substrate. Each individual array on the BeadChip contains 1 536
lllumiCodes (each representing a unique 23 bp single-stranded DNA oligonucleotide to
identify each DNA sample correctly, as well as each locus being interrogated) attached to
a 3-micron bead. Several of these beads, which are represented by the lllumiCode
sequence IDs, are included in the analysis and are used as controls. Table 5.5 is a list of
the IlllumiCode sequence IDs of the different controls included in the assay, with a
description and the expected outcome for each sequence ID listed. In the table the terms
“U3 match” and “U5 match” are used repeatedly and they represent a signal in the Cy3

and Cy5 channels, which is discussed in greater detail in Section 4.3.5.

Table 5.5 IllumiCode Sequence IDs of the control analyses undertaken in the
BeadXpress® system, along with the description and expected outcome
of each

sllelgLT;Ir?(?ede Description Expected outcome

329 AA mismatch U3 match
1611 CC mismatch U5 match
1142 GG mismatch U3 match
279 GT mismatch U5 match
1742 High AT (31% GC) U3 match
4824 High GC (62% GC) U5 match
658 15-base-pair gap U3 and U5 match
962 First hybridisation controls, 42/57 T, U5 match
1209 First hybridisation controls, 57/72 T, U5 match

44 Second hybridisation controls U3 match
278 Second hybridisation controls U3 match
1112 Second hybridisation controls U5 match
1632 Second hybridisation controls U5 match
501 Second hybridisation controls U3 and U5 match
1003 Second hybridisation controls U3 and U5 match
3802 Contamination controls U3 and U5 match
3845 Contamination controls U3 and U5 match
2832 Contamination controls U3 and U5 match
3864 Contamination controls U3 and U5 match

A = adenine; C = cytosine; G = guanine; T = thymine; T, = annealing temperature; U3 = refers to the Cy3 channel; U5 = refers to the Cy5
channel

The genotype accuracy is determined by a number of factors, such as the quality of the:
DNA used, genotype assay and the system itself. The procedures used to ensure good
guality DNA have been discussed in Section 4.3.1. To ensure optimal genotyping

accuracy a quality control procedure is performed on the DNA, along with the built-in
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internal controls that are performed with each reaction
(http://support.lllumina®.com/fags.imn#what_has_lllumina® done_to_ensure_a_high_leve
|_of _genotyping_accuracy).

Contamination controls are included to ensure and assess that no contamination occurred
in the plate under investigation. There are four types of PCR contamination detection
controls (i.e. ILMN-3802, ILMN-3845, ILMN-2832and ILMN-3864), of which only a single
type of control should be detected per OPA tube. Therefore, lack of contamination is
indicated if only one contamination control type has a high signal, which is visually
identified by the number of colours that are displayed. If two or more contamination
control types have a high signal, this indicates that significant contamination occurred.
Therefore, Figure 5.11 represents a contamination-free environment of a single plate, as
only one contamination control type presented a high signal (blue/ ID Sequence 3845).
However, this figure is also representative of the graphs for all the other plates. Therefore,

carry-over contamination did not occur in any of the plates.

Figure 5.11 GoldenGate® Assay contamination control as displayed in the
GenomeStudio® Genotyping Module Controls Dashboard for the current
study
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A = adenine; C = cytosine; G = guanine; T = thymine; U3 = refers to the Cy3 channel; U5 = refers to the Cy5 channel

The Allele-Specific extension control is sample-dependent and measures the extension
efficiency of the properly matched and mismatched ASO. These controls test for A-A,
C-C, G-G, and G-T mismatches corresponding with lllumiCode Sequence IDs 329, 1611,
1142, and 279, respectively. In the event that this control is unsuccessful, it might suggest

either a processing failure or poor DNA sample quality. However, this control was
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successful in the analyses undertaken in this study, as the sequence IDs 329 and 1142
were predominately Cy3, and Sequence IDs 279 and 1611 were predominately Cy5, as
expected (Figure 5.12).

Figure 5.12 GoldenGate® Assay allele specific extension control displayed in the
GenomeStudio® Genotyping Module Controls Dashboard for the current
study
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A = adenine; C = cytosine; G = guanine; T = thymine; U3 = refers to the Cy3 channel; U5 = refers to the Cy5 channel

The amplification efficiency for the high AT and GC-rich regions of the DNA is tested with
the use of the PCR uniformity control. Figure 5.13 indicates that the PCR uniformity
control was successful, as the expected outcome was met in that the IlllumiCode
Sequence ID 1742, which ensures amplification efficiency for high AT-rich (31% GC)
regions, resulted in a Cy3 signal. Furthermore, the lllumiCode Sequence ID 4824, which
amplifies over a high GC-rich (62% GC) region, resulted in a Cy5 signal, as expected
(Figure 5.13).
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Figure 5.13 GoldenGate® Assay PCR uniformity control displayed in the
GenomeStudio® Genotyping Module Controls Dashboard for the current

study
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A = adenine; C = cytosine; G = guanine; T = thymine; U3 = refers to the Cy3 channel

The extension gap control (lllumiCode Sequence ID 658) tests the efficiency of extending
the 15 bases from the 3' end of the ASO to the 5' end of the LSO. Figure 5.14 represents
a successful run of the extension gap control as both Cy3 and Cy5 signals were detected
in the heterozygote theta range for this control and throughout the investigation, as was

expected.

Figure 5.14 GoldenGate® Assay extension gap control displayed in the
GenomeStudio® Genotyping Module Controls Dashboard
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The annealing efficiency of the ASOs at a specific locus is measured by performing the
annealing step at two different Tp,’s, through the use of the first hybridisation control. As
graphically presented in Figure 5.15, the lllumiCode Sequence ID 962 and 1209 resulted
in the expected Cy5 match. This indicates that the specificity of annealing ASOs at the

different Tp,’'s was sufficient for the purposes of this analysis.

Figure 5.15 GoldenGate® Assay First Hybridisation Control displayed in the
GenomeStudio® Genotyping Module Controls Dashboard in this study
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The second hybridisation control tests the hybridisation of the single-stranded assay
products to the IllumiCode sequences on the array beads. Figure 5.16 illustrates that the
lllumiCode Sequence IDs 44 and 278 resulted in the expected Cy3 signal only, whereas
the Sequence IDs 1112 and 1632 resulted in only a Cy5 signal as expected, and
Sequence IDs 501 and 1003 contributed to both the Cy3 and Cy5 signal.
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Figure5.16 GoldenGate® Assay Second Hybridisation Control displayed in the
GenomeStudio® Genotyping Module Controls Dashboard in this study
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In order to establish which samples had performed poorly in the genotyping assay, the
quality metric referred to as the GenCall score (ranging from 0-1) was calculated and
analysed for each data point. Generally, the GenCall score decreases in value the further
the data point is from the centre of a genotype cluster. Furthermore, any of the samples
that had a call rate < 0.90 was excluded, since the call rate was a metric applied to ensure
the highest quality of data. The call rate provides information on the proportion of all the
samples with call scores above the no call threshold at every locus. Therefore, in order to
identify problematic samples, a scatter plot is used to compare the call rates as a function
of the sample number against a 10% GenCall Score (10% GC) as a function of the sample
call rate (Figure 5.17). Samples with a GenCall score of < 0.5 were, therefore, excluded

from the project.
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Figure 5.17 Scatter plot of 10% GC Score compared to call rates of the investigated
SNPs
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The poorly performing sample (red circle) is an obvious outlier from the majority of samples when 10% GC Score is plotted against
sample call rate.

Although the majority of the SNPs had favourable validation scores (Section 5.3.1), some
of these SNPs (i.e. rs769448, rs769449 and the novel SNP) were excluded (zeroed) from
the final GenomeStudio report primarily because of overlapping clusters and ultimately
poor genotype distributions, resulting in low cluster separation (< 0.02), hindering the
possibility of analysing these SNPs statistically.

Another metric applied in the analyses of the genotyping data was the AB mean for
intensity (R) and theta (T). The SNP table was sorted by the AB R mean value [the mean
normalised intensity (R) of the heterozygote cluster], which identifies SNPs with low
intensity data, with increasing values from 0. SNPs with too low intensities (R<1) were
considered to be unreliable and were excluded. The AB T mean (the mean of normalised
theta values of the heterozygote cluster) ranges from 0-1. Therefore, the major difference
between the AB R mean and the AB T mean is that the former presents the intensity of an
SNP (how strong the signal for a particular SNP was), whereas the latter represents the
position of datapoints in relation to a specific cluster, i.e. the heterozygous cluster).
Therefore, when the heterozygote cluster for a specific SNP overlapped with the
homozygote cluster, that SNP would have a low AB T mean, i.e. between 0-0.2. The
genotype signals for the two clusters could, therefore, not be distinguished from each other
and thus the SNP had to be excluded.
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The specific call region shading of the rs769449 SNP determined by the GenomeStudio™
program is illustrated in Figure 5.19 and will be used to elucidate the previous discussion.
Even though the overall GenCall Score for SNP rs769449 was 0.6893, indefinite clusters
were formed because of the low AB T mean of 0.255 along with the low cluster seperation
value of 0.3841. Furthermore, the intensity of the data was doubtful due to the low AB R
mean of 0.367. All this resulted in the exclusion of a large number of samples (indicated in
grey), as they were too far from the centre of the cluster (Figure 5.18). Therefore, this

SNP was not included in the remaining analyses.

Figure 5.18 Genomestudio® shade call regions for SNP rs769449 as an example for
low cluster separation scores
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Figure 5.19 serves as another example of the specific reasons why one of the SNPs listed
above (i.e. rs769452) was not included in the final SNP list. This figure graphically
represents the specific call region shading for the rs769452 SNP via the GenomeStudio®
program. The GenCall Score of 0.5661 for this SNP was low and indicated a poor
clustering call for these samples. A large number of samples (indicated in grey in
Figure 5.19) were excluded for the same reasons as explained in the former example.
Even though, the AB R mean (1.077) value indicated that the intensity of the data was
reliable, the AB T mean (0.465) and the cluster separation (0.4359) values indicated that
the clusters could only be partially separated and therefore this SNP was not included

either in the final SNP list analysed.
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Figure 5.19 Genomestudio® shade call regions for SNP rs769452
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Therefore, based on the aforementioned criterion discussed in the previous and current
section, of the nine SNPs analysed, only four in the ApoE gene were ultimately included in
the statistical analyses. It can be speculated that the high GC content and/or high
homopolymeric regions in the ApoE sequence resulted in the inefficiency of the genotypic
analysis conducted for most of the SNPs identified in the ApoE gene. However, SNP
rs7412 was genotyped through real-time PCR analyses and the established control
measurements for this analysis are discussed in the following section. The graphical
illustrations and implications of the aforementioned findings are presented and discussed

in Section 5.5.

5.4 REAL-TIME PCR ANALYSES

The real-time PCR analyses were conducted on the Bio-Rad CFX96 qPCR apparatus (as
discussed in Section 4.3.5.1) in a 96-well format. The control measures implemented for
these analyses included the insertion of three no-template controls (NTC) in each batch
(96-well plate) undertaken, positioned at Al, E6 and H12, respectively, in each plate,
where the DNA was replaced with nuclease-free ddH,0. Control individuals of the
reported genotype (homozygote AA, heterozygote AT and homozygote TT, respectively)
were included in each plate and genotyping was carried out blinded to plasma lipid profile

concentrations (Figure 5.20).

Figure 5.20 is a graphical representation of how the FAM and VIC probes are indicated by
the Bio-Rad CFX Manager® (version 2.0) that was used. The sole FAM excitation
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spectrum represents a homozygous C genotype (CC), whereas the sole VIC excitation
spectrum represents the homozygous T genotype (TT). Therefore, if excitation of both
probes occurred, the heterozygous genotype (CT) was present. The data obtained were
stored and interpreted by the author of the study and Dr KR Conradie, as discussed in
Section 4.3.5.1.

Figure 5.20 Controls used in the genotype analyses of the rs7412 SNP via the Bio
Rad CFX Manager® (version 2.0)
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C = cytosine; RFU = Relative Fluorescence Units; T = thymine; Blue graph represents the heterozygote genotype (AT), red graph
represents the wild type homozygote (AA) and the green graph represents the mutant heterozygote (TT).

5.5 ALLELE FREQUENCY DETERMINATION

The obtained MAF of each SNP, was compared to the MAF reported by dbSNP for other
etnic groups. Genetic association analyses were conducted for each of the genetic
variants (SNPs and haplotypes) investigated with the four determinants of the blood lipid
profile investigated in this study. Adherence to the assumptions of HWE was determined
for each SNP by means of the chi-square test for goodness of fit in order to determine
whether the genotype frequencies remained constant within a population and as a quality
control measure. Differences in the concentrations of the lipid profile determinants were
determined between each genotype group per SNP for the total cohort, as well as for the
rural versus urban groups and male versus female groups individually using the factorial
ANOVA test. Prior to these analyses, possible confounders that may have influenced the
associations were identified and were adjusted for in the statistical analysis. According to
the literature age, gender, BMI, HIV-status, tobacco use, alcohol consumption, physical
activity, dietary fat intake and fibre intake have all been reported to be confounders of the
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lipid profile of individuals (Bazzano, 2005). In the present cohort, a number of these
confounding variables were determined to correlate differently with each of the different
lipid profile determinants. Table 5.6 is a summary of the results obtained for the
Spearman Rank Order correlations assessment between the lipid profile determinants and
the possible confounding variables. The r-values indicated in red had a p-value of less
than 0.05 (Table 5.6).

Table 5.6  Spearman Rank Order correlations between identified variables and the
lipid profile in the current PURE cohort

Variables TC LDL-C HDL-C TG

Age 0.16 0.11 0.06 0.20

Total energy intake 0.02 -0.05 0.11 0.02
Total fibre intake 0.02 -0.03 0.10 0.01
Total fat intake 0.06 0.04 0.04 0.07
Total SFA intake 0.06 0.05 0.01 0.08
Total MUFA intake 0.06 0.04 0.02 0.08
Total PUFA intake 0.05 0.02 0.05 0.05
Total TFA intake 0.05 0.03 0.01 0.07
Total cholesterol intake 0.08 0.05 0.05 0.07
GGT 0.16 -0.03 0.29 0.16
PAI-1, 0.11 0.14 -0.18 0.29

CRP 0.03 0.07 -0.14 0.13

SBP 0.17 0.08 0.15 0.14

DBP 0.15 0.07 0.13 0.13
Hcy 0.06 -0.05 0.19 0.001
Fibrinogen 0.08 0.13 -0.09 0.07
BMI 0.19 0.28 -0.24 0.29

BMI = body mass index; DBP = diastolic blood pressure; GGT = gamma-glutamyl transferase; CRP = C-reactive protein; HDL-C = high
density lipoprotein cholesterol; Hcy = homocysteiene; LDL-C = low density lipoprotein cholesterol; MUFA = monounsaturated fatty acids;
PAI-1,. = plasminogen activator inhibitor type 1; PUFA = polyunsaturated fatty acids; SBP = systolic blood pressure; SFA = saturated
fatty acids; TC = total cholesterol; TFA = trans fatty acids; TG = triglycerides.

Various variables had weak (r < 0.1), but significant correlations with TC, LDL-C, HDL-C
and TG (Table 5.6). Large correlation values (r > 0.2) for continuous variables with the
various lipid profile determinants were considered to be confounders. Furthermore, a
number of smaller, yet significant correlations (= 0.15) were also observed for which some
of these variables were included in the list of possible confounders, if it was argued that
the correlation could be of practical significance (Table 5.7). However, these small, but
significant correlations could be ascribed to the large sample size of this study and are
most likely not of biological significance. When each of the variables of importance per
lipid profile determinant (as indicated in Table 5.7) was corrected for, the initial significant
associations remained and, therefore, only the unadjusted values are reported, unless

otherwise stated.
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Table 5.7 Variables confounded for per lipid profile determinant in the present

cohort
Lipid profile determinant Co-variants
TC age, GGT, SBP, BMI
LDL-C BMI
HDL-C GGT, PAI-1,., SBP, Hcy, BMI
TG age, GGT, PAI-1,y, BMI

BMI = body mass index; GGT = gamma-glutamyl transferase; HDL-C = high density lipoprotein cholesterol; Hcy = homocysteiene;
LDL-C = low density lipoprotein cholesterol; PAI-1,. = plasminogen activator inhibitor type 1; SBP = systolic blood pressure; TC = total
cholesterol; TG = triglycerides.

Lastly, the interactive effects between various variables (locality, gender, diet and each of
the confounding variables) against each of the lipid profile determinants, categorised by
the three genotypes of each specific SNP/haplotype, were also analysed and only the
significant interactions were examined in greater detail in the succeeding discussions.
Furthermore, a two-grouping approach (running these tests in an amalgamated
heterozygote/homozygote mutant group vs. a homozygote wild type group) was followed

when the homozygote mutant group included fewer than 30 samples.

Therefore, all gene interactions pertaining to gender were referred to as gene-gender
interactions, whereas the gene interactions related to residential locality were referred to
as gene-environment interactions. The term “genotype-phenotype” interaction was used
when describing gene interactions with any of the confounding variables and “gene-diet”
when any of the continuous dietary data were analysed. All of the aforementioned genetic
characteristics of the study population will be discussed per identified SNP that is under
investigation, in order to assist in the logical flow and presentation of the data. It is
important to highlight that these analyses were exploratory in nature and, therefore, the
results obtained, represented in Table 5.8 to Table 5.19 (which present a summary of the
analytical findings for each genetic variant), will be discussed with great care in the

following sections.

5.5.1 SNP rs1081101

Figure 5.21 represents the call region shading of the rs1081101 SNP as determined
through the GenomeStudio® program. The GenCall Score for this SNP was 0.9165,
indicating a reliable clustering call and that the majority of the samples are in the centre of
the cluster. The values of the AB R mean (1.372) and AB T mean (0.462) of this particular
SNP was optimal, indicating that the intensity of the data was reliable and also that
separate and definite clusters could be outlined. The cluster separation for rs1081101 was
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0.71, which also supports the assertion that the data obtained was reliable. The process
followed to ensure that the correct alleles (for each of the investigated SNPs) were labelled
accurately from the BeadXpress® data demanded close attention to the strand from which
the assay was designed, which was then correlated with that of the actual alleles of each
of the SNPs according to the dbSNP website.

Figure 5.21 GenomeStudio® shade call regions for SNP rs1081101 in the PURE
dataset
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Cytosine (C) is the ancestral allele for rs1081101 and thymine (T) is the variant allele. The
MAF of this SNP in the present black South African population is 0.23, which is higher than
that reported for sub-Saharan Africans (0.07) as well as Europeans with a MAF as low as
0.004 (http://www.ncbi.nim.nih.gov/projects/SNP/snp_ref.cgi?rs=1081101). Possible
reasons for the MAF being more prevalent among the black South African population are

provided in the next paragraphs in this section.

The high p-value (p > 0.05) of the chi-square test indicates that the rs1081101 SNP
adheres to the assumptions of HWE (Table 5.8) and that no migration, in-breeding,
positive selection etc. occurred within the present cohort group (Hardy, 1908). The
difference between the MAF of the two African populations can be ascribed to the internal
diversity of the African population. As a result, it has been suggested that all other
populations arose from the African population, which is commonly referred to as the
“out-of-Africa” theory (Campbell & Tishkoff, 2008; Jorde & Wooding, 2004). The higher

MAF among the black South African population could, therefore, be ascribed to the varied
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allele frequencies often observed throughout the African population, which could possibly

be a result of genetic drift and natural selection (Cavalli-Sforza et al., 1994).

However, the larger MAF difference between the present black South African population
and the European population cannot be ascribed to the aforementioned factors, but rather
due to the out-of-Africa theory. This theory postulates that all modern humans initially
arose from Africa and, therefore, those that remained in Africa have the highest degree of
genetic diversity whereas the European population often present with lower MAFs

because of factors such as positive selection (Cummings, 2011; Jorde & Wooding, 2004).

Furthermore, the 95% CI for these genotypes were determined by means of the SAS
System Program. The observed genotype frequencies for SNP rs1081101 were within the
95% CI ranges specified in Table 5.8. Therefore, this sample population was sufficiently
representative of the larger population in view of the narrow range of the 95% CI, which
provided confidence in the results from the sample set investigated and confirmation that

no sampling bias occurred.

Table 5.8  Adherence to the assumptions of Hardy-Weinberg Equilibrium of the
rs1081101 locus in the present PURE population using chi-square test

analyses
rs1081101 (C/T)
Chi-square test for goodness-of-fit to the Hardy-Weinberg proportions
Genotypes cc CT TT p-value (x%)
. Observed numbers (O) 1,137 299 21
Ch|—tzqsltjare Frequency (%) 77.97 20.59 1.44
Expected numbers (E) 1,135.07 301.86 20.07
v = (O-E)’/E 0.00 0.01 0.04 0.81 (0.06)
di‘i:gtuyt‘i’:n 95% Cl range (%) 75.84-80.10 | 18.51-22.67 | 0.83-2.05

% = percentage; x’= Chi-square value; C = cytosine; Cl = confidence intervals; E = expected numbers; O = observed numbers; rs =
reference sequence; T = thymine

None of the lipid profile determinants was significantly different between the genotypes in
the total population or the other gender and locality groups (Table 5.9), indicating that this
SNP is unlikely to have an effect on the blood lipid profile. The exploration for possible
interaction effects revealed no significant gene-gender, gene-environment (locality) or
gene-diet interactions for the rs1081101 SNP on any of the various lipid profile
determinants (Table 5.9). However, one significant genotype-phenotype interaction was
observed (Figure 5.22).
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Table 5.9 Associations of the lipid profile determinant concentrations with
rs1081101 locus in the present PURE population

rs1081101 (C/T)
Lipid Sub-groups cc CT TT p-value® p-value*
profile
Whole group 5.02 5.03 4.86 0.88 --
Male 4.79 4.74 4.95 0.87
[TC] Female 5.16 5.16 4.80 0.68 0.69
Rural 4.97 5.02 4.97 0.88
Urban 5.07 5.07 4.78 0.72 0.65
Whole group 2.93 2.94 2.59 0.41 --
Male 2.71 2.61 2.49 0.66
[LDL-C] Female 3.06 3.08 2.66 0.47 0.69
Rural 2.92 2.96 2.81 0.89
Urban 2.94 291 2.41 0.30 0.69
Whole group 1.53 1.52 1.65 0.69 --
Male 1.57 1.62 1.95 0.16
[HDL-C] Female 151 1.48 1.42 0.75 0.20
Rural 1.52 1.52 1.71 0.65
Urban 1.54 1.51 1.59 0.87 0.65
Whole group 1.25 1.28 1.40 0.67 --
Male 1.13 1.15 1.14 0.84
[TG] Female 131 1.34 1.62 0.35 0.39
Rural 1.18 1.20 0.99 0.62
Urban 1.31 1.37 1.73 0.32 0.26

® = indicates the p-values of the association of the genotypes at the rs1081101 locus and each of the lipid profile determinants for the
total population as well as by gender and locality groups; * = indicates the p-values of the interaction effect between rs1081101 and
gender/rural and urban group; C = cytosine; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; rs
= reference sequence; T = thymine; TC = total cholesterol; TG = triglycerides.

Figure 5.22 is a graphical representation of the significant interaction between PAI-1, and
the rs1081101 genetic variant (p = 0.01) on TG concentrations. Since the frequency of the
homozygous mutant genotype was low, the heterozygote and homozygote mutant groups

were combined.

In univariate analysis, no significant association was observed between the SNP
single-handedly (p =0.22) and TG concentrations, but a significant positive correlation
was observed between PAI-1, and TG concentrations (p = 0.00) in the present cohort
(Figure 5.22). The latter is similar to that reported for Caucasians (Krebs et al., 2003), but
conflicting to that reported for South Africans (Greyling et al., 2007) and African-Americans
(Solano et al., 2003). When harbouring the C-allele, the association of TG with PAI-1,¢
was stronger than when harbouring the variant genotypes (CT and TT). However, after
adjusting for multiple testing and unequal groups with the post hoc test this effect was no

longer significant.
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Figure 5.22 Scatterplot of PAI-1,; against triglyceride concentrations categorised
by rs1081101
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PAI-1,: had previously been associated with the blood lipid profile, which has been
reported as causative of PAI-1 concentrations (Festa et al., 1999; Tremoli et al., 1993;
Stiko-Rahm et al.,, 1990). Krebs et al. (2003) with other researchers (Asplund-Carlson
et al., 1993; Stiko-Rahm et al., 1990; Mehta et al., 1987) have reported that one of the
major determinants of plasma PAI-1,. concentrations are the TG concentrations of normo-

and hypertriglyceridaemic patients.

Stiko-Rahm etal. (1990) reported a possible explanation for the clinical association
between serum TG and plasma PAI-1 concentrations. They determined that PAI-1
secretions were increased in cultured hepatocytes and endothelial cells, which may have
been due to an intracellular signal that is generated when VLDL binds to its surface
receptor in these cells. Krebs et al. (2003) added to this hypothesis and suggested that
free fatty acids (FFA) may in fact be the mediator responsible for elevated PAI-1
concentrations, since FFA stimulate the production of PAI-1 in hepatocytes (Banfi et al.,

1997).
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Black South Africans have been reported to have a favourable lipid profile (Vorster, 2002),
which has been suggested as a possible reason for the lower PAI-1 concentrations
determined in this population (Pieters & Vorster, 2008). However, PAI-1 concentrations
have been reported to increase with urbanisation in black South Africans (but not to the
elevated concentrations observed in Caucasians), possibly owing to the accompanying
adverse dietary changes that result in a deteriorating lipid profile (Pieters & Vorster, 2008;
Greyling et al., 2007). Pieters & Vorster (2008) and Greyling et al, (2007) speculated that
PAI-1 concentrations in black South Africans are strongly regulated by genetic factors,

although it remains unproven at this time.

5.5.2 SNP rs405509

The call region shading for the rs405509 SNP, as determined by the GenomeStudio®
program, is presented in Figure 5.23. The GenCall Score for this SNP was 0.59, indicating
that the majority of the samples had reliable clustering calls and were not too far from the
centre of the cluster. Furthermore, the values of the AB R mean (1.56) and AB T mean
(0.66) of this particular SNP were optimal, which indicated that the intensity of the data
was reliable and also that separate and definite clusters could be formed. This is

confirmed by the high cluster separation value of 0.58.

Figure 5.23 Genomestudio® shade call regions for SNP rs405509
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The ancestral allele at the rs405509 locus is cytosine (C). The MAF in this population was
lower (0.18) than that reported for sub-Saharan Africans (0.21) and Europeans with a MAF
of 0.51 (http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=405509). The slight
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MAF differences observed among the different African populations can be ascribed to the
low occurrence of genetic drift, selection or migration among and between these African
cohorts (Cummings, 2011). Furthermore, the MAF differences between the present cohort
and Europeans can be ascribed to the out-of-Africa theory discussed in the previous
section and also emphasises the differences in evolutionary factors that have affected the
distribution of the alleles (Tishkoff et al., 2009; Campbell & Tishkoff, 2008).

However, the sample size of the present black South African population was smaller than
previous reported analyses for sub-Saharan Africans, which might give rise to the better
estimation of the MAF for the sub-Saharan African population. It is, therefore, important to
bear this is mind when interpreting MAF results and comparing the genotype frequencies
between different populations. Based on the chi-square test conducted (Table 5.10), this
SNP (p = 0.76; y*=0.09 and d.f. = 2) adhered to the assumptions of HWE (Hardy, 1908).
According to the 95% ClI, all the genotype frequencies for SNP rs405509 were within the
expected ranges (Table 5.10), indicating that the study population is representative of the
larger population and, therefore, sampling error was unlikely.

Table 5.10 Adherence to the assumptions of Hardy-Weinberg Equilibrium of the
rs405509 locus in the present PURE population using chi-square test
analyses

rs405509 (A/C)

Chi-square test for goodness of fit to the Hardy-Weinberg proportions

Genotypes cc AC AA p-value® (x?)
_ Observed numbers (O) 981 432 45
Ch';‘l‘:are Frequency (%) 67.26 29.65 3.09
Expected numbers (E) 982.72 428.56 46.72 --
12 = (O-E))E 0.00 0.03 0.06 0.76 (0.09)
d?;ﬂg%ﬁ)en 95% Clrange (%) | 65.85-69.67 | 27.30-32.00 | 2.20-3.98

% = percentage; x’= Chi-square value; A = adenosine; C = cytosine; CI = confidence intervals; E = expected numbers; O = observed
numbers; rs = reference sequence

No significant associations were determined between the concentrations of the lipid profile
determinants and the different genotype groups at the rs405509 locus for either the whole
group or the gender and locality group (Table 5.11). These results are in accordance with
previous studies, which reported that this polymorphism either did not modify plasma lipid
or lipoprotein concentrations (Lambert et al., 2000) or indicated a non-significant influence
on TC or LDL-C concentrations (Viitanen et al., 2001). However, the C-allele has been
reported to be associated with MI and premature CHD (Viitanen et al., 2001; Lambert
et al., 2000) and furthermore, it has been associated with the incidence of various CVD
risk biomarkers such as various apolipoproteins (Komurcu-Bayrak et al.,, 2011; Moreno
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et al.,, 2003; Viitanen et al., 2001; Lambert et al., 2000), insulin (Komurcu-Bayrak et al.,
2011; Viitanen et al., 2001) and waist:hip ratio (Viitanen et al., 2001). As no significant
association has been reported between this polymorphism and the lipid profile, it suggests
that the impact of the C-allele may be via an alternative mechanism, such as that of
atherosclerotic plaque formation, as opposed to having a major effect on circulating lipids
(Lambert et al., 2000).

Furthermore, these results could imply that the association of the ApoE gene with
atherothrombosis is possibly due to the contributing role of more genetic and
environmental factors than just this locus per se (Moreno et al., 2004). Furthermore, one
of the objectives of this study was to explore whether possible interaction effects of
environmental or physiological factors with specific ApoE genetic variations could influence

the lipid profile in the present black South African cohort.

No significant gene-gender or gene-diet interaction effects were observed for SNP
rs405509 with any of the lipid profile determinant concentrations investigated. However, a
significant rs405509-locality interaction effect on TG concentrations was observed
(Table 5.11), even though the rs405509 SNP itself did not have a significant effect on the
TG concentrations (p =0.73) although it was determined that locality (rural/urban
grouping) did have an effect (p = 0.02; see Table 5.11). This interaction still occured after

adjusting for the respective confounding variables (Section 5.5; Table 5.7).

117



CHAPTER FIVE RESULTS AND DISCUSSION

Table 5.11 Associations of the lipid profile determinant concentrations with the
rs405509 locus in the present PURE population

rs405509 (G/T)

pl_rg)fli(lje Stratification CC CA AA p-value® | p-value*
Whole group 4.99 5.10 4.93 0.37 --
Male 4,75 4.88 4,53 0.42 0.84
[TC] Female 5.12 5.23 5.19 0.63
Rural 4,97 4,97 5.13 0.82
Urban 5.01 5.22 4.63 0.09 0.26
Whole group 2.89 3.01 2.94 0.21 --
Male 2.63 2.80 2.66 0.31 0.87
[LDL-C] Female 3.03 3.13 3.11 0.50
Rural 291 2.95 3.06 0.75
Urban 2.87 3.07 2.74 0.10 0.46
Whole group 1.54 1.53 1.45 0.66 --
Male 1.60 1.57 1.38 0.36 0.70
[HDL-C] Female 1.50 1.50 1.49 1.00
Rural 1.53 151 1.54 0.95
0.61
Urban 1.55 1.54 1.30 0.32
Whole group 1.26 1.25 1.22 0.54 --
Male 1.15 1.12 1.09 0.85 0.70
[TG] Female 1.32 1.33 1.30 0.39
Rural 1.20 1.14 1.16 0.32
0.02
Urban 1.32 1.36 1.31 0.11

% = indicates the p-values of the association rs405509 and each of the lipid profile determinants for the total population as well as by
gender and locality groups; * = indicates the p-values of the interaction effect between rs405509 and gender/rural and urban; A
= adenosine; C = cytosine; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; rs = reference
sequence; TC = total cholesterol; TG = triglycerides

Furthermore, unequal N post hoc tests were conducted to determine where the significant
difference between the genotype-environment interaction effects on TG occurred. These
analyses revealed that individuals harbouring the heterozygous genotype (CA) in an
urbanised setting had significantly higher TG concentrations than the individuals
harbouring the same heterozygous genotype in a rural setting (p = 0.00), as well as the
individuals harbouring the wild type genotype (CC) in a rural setting (p = 0.00)
(Figure 5.24). However, these elevated concentrations are still within the desirable ranges
for TG (< 1.5 mmol.L™Y). These observations suggest that the reported adverse effect of
urbanisation on the lipid profile (Section 5.1), is increased in individuals harbouring the

heterozygote genotype (Table 5.11).
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Figure 5.24 Significant genotype-environment interaction effects on TG
concentrations for the three genotype groups of rs405509
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A = adenosine; C = cytosine; mmol/L = millimole per litre; rs = reference sequence; TG = triglyceride concentrations

One possible explanation for these observations might be that urbanised subjects
harbouring the wild type genotype (CC) have the ability to metabolise TG better than those
harbouring the heterozygote genotype (CA), which might result in the significantly
increased TG concentrations among the latter group. Another possible reason can
possibly be that the heterozygote genotype (CA) has an effect on certain structural
aspects of the ApoE protein/isoform. This could result in the isoform being unable to form
disulphide bonds with other proteins, which would in turn result in this isoform mobilising
CMs faster than the other isoforms (which are the proposed products of the homozygote
wild type and mutant genotypes, respectively) and, therefore, maintaining low TG
concentrations (Davignon et al., 1988; Weisgraber et al., 1982). Furthermore, it can be
hypothesised that dietary lipids enhance the affinity of ApoE isoforms for receptors (Fisher
et al.,, 2004). Since the TG concentrations are higher among the urban group for all three
genotypes, it can be hypothesised that these elevated concentrations trigger
conformational changes (similar to those mentioned above) in the ApoE protein products
of the CC and AA genotype carriers, which results in higher binding affinities of these
isoforms to specific hepatic receptors, resulting in reduced TG concentrations among the

CC and AA genotype carriers. On an environmental level, the increased TG
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concentrations can be ascribed to the atherogenic diet associated with urbanisation
(Vorster, 2002).

However, as mentioned in the previous section, these results should be interpreted with
caution, as they might simply be a result of multiple testing bias or reporting a type 1 error
due to the prevalence of outliers within an already small sample size. Therefore, further
investigations are necessary to clarify not only the mechanistic role this interaction might

have, but also whether this interaction will persist in a sample size of greater power.

5.5.3 SNP rs440446

The GenomeStudio® program was used to generate the specific call region shading for
rs440446 that is illustrated in Figure 5.25. The GenCall Score for this SNP was within the
desirable range (0.85), but all samples that were too far from the centre of the cluster
consequently had insufficient GenCall scores (< 0.5) and were excluded. Furthermore, the
value of the AB R mean was 0.68, which indicated that the intensity of the data was
reliable. The AB T mean value was 0.54 and the cluster separation value was 0.61, which
indicated that separate and definite clusters could be formed (Figure 5.25).

Figure 5.25 Genomestudio® shade call regions for SNP rs440446
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The ancestral allele for rs440446 was determined to be the G-allele and the C-allele was
the variant allele. The MAF in the population (0.08) investigated was lower than the MAF
observed in other ethnic groups i.e. Caucasians (0.32) and African-Americans (0.17).

However, the MAF among sub-Saharan African and Bantu populations was 0.00
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(http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=440446). These MAF
differences among the present black South African population and the populations outside
Africa emphasise the effect of the well-known out-of-Africa theory, as discussed
previously. Furthermore, a conclusion that can be drawn from the Hardy-Weinberg law is
that the larger the MAF difference between two populations is, the more factors such as:
genetic drift, migration and selection are operating within these populations. However, the
slight MAF differences observed among the different African populations can be ascribed
to the low occurrence of genetic drift, selection or migration among and between these

African cohorts (Cummings, 2011).

A chi-square test was used to determine whether the population adhered to the
assumptions of HWE (Table 5.12). The insignificant p-value (0.90) of the chi-square test
indicated that at the rs440446 locus this population did adhere to these assumptions and
the genotypic distribution was therefore not affected by any of the HWE-altering factors, as
discussed in Section 4.4.3 (Hardy, 1908). Furthermore, the prevalence of the genotypes
at the rs440446 SNP were all within the 95% CI ranges reported in Table 5.12. Therefore,
this sample population was sufficiently representative of the larger population, because of
the narrow ranges determined, which provides confidence in the results from the samples
and highlights that no sampling bias occurred.

Table 5.12 Adherence to the assumptions of Hardy-Weinberg Equilibrium of the
rs440446 locus in the present PURE population using chi-square test
analyses

rs440446 (G/C)
Chi-square test for goodness-of-fit to the Hardy-Weinberg proportions

-value®
Genotype GG GC cc P o
X
Chi-square Observed numbers (O) 1231 217 10
test Frequency (%) 84.42 14.89 0.69
Expected numbers (E) 1230.63 217.74 9.63
v = (O-E)’IE 0.00 0.00 0.01 0.90 (0.02)
Genotype 95% Clrange (%) | 82.55-86.28 | 13.06-16.72 | 0.26-1.11
distribution

% = percentage; x’= Chi-square value; C = cytosine; Cl = confidence intervals; E = expected numbers; O = observed numbers;
rs = reference sequence; T = thymine

No significant associations were observed between any of the lipid profile determinants,
(TC, LDL-C, HDL-C and TG) and the different genotype groups of rs440446 for the whole
group or the different gender or locality groups (Table 5.13). This indicates that, despite

stratification, this SNP is unlikely to have an effect on the blood lipid profile.
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Table 5.13 Associations of the lipid profile determinant concentrations with the
rs440446 locus in the present PURE population

rs440446 (G/C)
Lipid R $ .
profile Stratification GG GC CcC p-value p-value
Whole group 5.02 5.01 5.06 0.97 --
Male 4.78 4.79 4,72 0.99 0.82
[TC] Female 5.16 5.12 5.75 0.68
Rural 4.97 5.02 5.01 0.90
Urban 5.08 4.99 5.24 0.71 064
Whole group 2.92 2.93 2.88 0.99 --
Male 2.69 2.69 2.55 0.96
[LDL-C] Female 3.06 3.05 3.55 0.76 089
Rural 2.92 2.94 2.87 0.99
Urban 2.93 2.92 2.92 1.00 095
Whole group 1.53 1.51 1.62 0.77 --
Male 1.58 1.60 1.69 0.91
[HDL-C] Female 1.51 1.47 1.47 0.77 091
Rural 1.52 1.57 1.69 0.55
Urban 1.55 1.46 1.39 0.28 019
Whole group 1.26 1.26 1.26 0.49 --
Male 1.14 1.11 1.07 0.91
[TG] Female 1.32 1.33 1.63 0.26 055
Rural 1.19 1.15 1.02 0.53
Urban 1.33 1.35 2.09 0.10 007

® = indicates the p-values of the association rs440446 and each of the lipid profile determinants for the total population as well as by
gender and locality groups; * = indicates the p-values of the interaction effect between rs440446 and gender/rural and urban; C =
cytosine; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; rs = reference sequence;
T = thymine; TC = total cholesterol; TG = triglycerides

Previous studies have reported that the promoter polymorphisms (which include rs440446)
have an effect on the transcriptional activity of the ApoE gene and that the C-allele
possesses transcription-enhancing capabilities (Viiri et al., 2008). This could still be true
for the present cohort; however, since the ApoE concentrations were not measured in the
present study, the possible effect the rs440446 SNP could have on the transcriptional

activity of ApoE gene in the present cohort group could not be determined.

Silander and co-workers (2008) reported a strong association (p < 0.001) between the
rs440446 variant and TG in Finnish men and women analysed together; however, such
significant results were not observed in the present black South African population.
Furthermore, no significant gene-gender, gene-environment (rural/urban) or gene-diet
interaction effects with any of the lipid profile determinants were observed within the

present cohort (Table 5.13).
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554 SNP rs429358

Figure 5.26 represents the call region shading of the rs429358 SNP as determined by the
GenomeStudio® program. The overall GenCall Score for this SNP was 0.54. A large
number of samples were too far from the centre of the cluster, indicating an unreliable
clustering call. This was confirmed by their GenCall score, which was too low (< 0.5). The
causes of the low GenCall score could possibly be ascribed to the quality of the specific
location of the SNP within the gene. However, no general interpretation guidelines for
GenCall scores exist, since it depends on the clustering and intensity of the samples. The
intensity of the data was within standard ranges which indicates that it is reliable (AB R
mean of 1.61), along with the fact that separate and definite clusters could be drawn (AB T
mean of 0.71; Cluster Sep of 0.50). Furthermore, as mentioned in Section 5.2.3.5, the
genotypic data for this SNP (along with those for the rs7412 SNP) are needed in order to
be able to determine the well-reported ApoE haplotypic data (€2, €3, €4). Therefore, based
on the aforementioned reasons, the genotypic data for this SNP were still used to conduct

statistical analyses.

Figure 5.26 Genomestudio® shade call regions for SNP rs429358
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The C allele is the ancestral (minor) allele and the T allele is the variant allele for rs429358
(Figure 5.26; Table 5.14). The MAF in the present cohort was calculated as 0.27. This is
higher than that reported for sub-Saharan Africans (0.02) as well as Caucasians with a
MAF of 0.15 (http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?rs=429358). The

higher MAF among the black South African population, compared to the sub-Saharan
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African population, could be explained by the different population sample sizes i.e. the
current MAF is based on 120 sub-Saharan Africans vs 1458 black South African
participants from the present study. Factors that influence genotype distribution (e.g.
genetic drift, natural selection and migration) differ between population groups and this

could explain the different MAF observed between the African and Caucasian groups.

The results of the chi-square test for SNP rs429358 was: p = 0.14 for a chi-square value
of 2.19 and 2 d.f. (Table 5.14). Therefore, this SNP was in HWE and adhered to the
assumptions of HWE (Hardy, 1908). Furthermore, no sampling errors occurred, as the
genotype frequencies for the present study population were all within the 95% CI ranges
based on the frequencies expected in the total population (Table 5.14).

Table 5.14 Adherence to the assumptions of Hardy-Weinberg Equilibrium of the
rs429358 locus within the present PURE population using chi-square
test analyses

rs429358 (T/C)
Chi-square test for goodness-of-fit to the Hardy-Weinberg proportions
Genotype TT TC cc p-value (x?)
Observed numbers (O) 772 593 93
Chi-square Frequency (%) 52.99 40.63 6.38
test Expected numbers (E) 783.05 570.89 104.05
¥ = (O-E)’/E 0.16 0.86 1.17 0.14 (2.19)
d‘f‘s‘iﬂgxﬁfﬂ 95% CI range (%) 50.42-55.55 | 38.11-43.16 | 5.13-7.64

% = percentage; x’= Chi-square value; C = cytosine; Cl = confidence intervals; E = expected; O = observed numbers; rs = reference
sequence; T = thymine

A number of significant associations (p < 0.05) have been reported between rs429358 and
other CVD risk biomarkers before, such as the ApoB/Al ratio (Anand et al., 2009); CRP
(Silander et al., 2008) and ApoB concentrations (Paré et al., 2007). However, as the focus
of the present study was on the lipid profile, these previous associations were not
investigated. Chang et al. (2010) investigated the genetic variants previously associated
with fasting blood lipids in an American population. Different ethnic groups were included
in the study i.e. non-Hispanic Caucasians, non-Hispanic blacks and Mexican-Americans.
The results reported that rs429358 associated significantly (p < 0.05) with LDL-C and TC
in the Mexican Americans (Chang et al., 2010). The present study observed the same

results for LDL-C in a black South African population.

An increase in TC and LDL-C concentrations, for the whole group, occurred with each
addition of a C-allele, resulting in the highest concentrations in those harbouring the CC
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genotype; however, these observations were only significant for LDL-C. Furthermore, a
significant gender difference was observed with elevated LDL-C concentrations among
females which were not present in males (Table 5.15). However, after adjusting for the
confounding variables (Section 5.5, Table 5.7), this effect was lost. Furthermore, the post
hoc unequal N test did not generate any significant results and it was therefore not
possible to determine the genotype groups between which the LDL-C differences
occurred. No other significant associations were determined between the concentrations
of the other lipid profile determinants and the different genotype groups of rs429458 for
either the whole group or the gender/locality groups (Table 5.15).

Table 5.15 Associations of the lipid profile determinant concentrations with
rs429358 locus in the present PURE population

rs429358 (C/T)
Lipid I s
profile Stratification TT TC CcC p-value® | p-value*
Whole group 4.97 5.07 5.15 0.21 --
Male 4.76 4.80 4.90 0.78
[TC] Female 5.08 5.24 5.31 0.17 072
Rural 4.97 4.97 5.12 0.70
Urban 4.96 5.18 5.18 0.08 026
Whole group 2.84 2.99 3.17 0.01 -
Male 2.62 2.72 2.98 0.19 0.74
[LDL-C] Female 2.96 3.16 3.29 0.02
Rural 2.85 2.96 3.20 0.11
Urban 2.83 3.02 3.14 0.05 077
Whole group 1.56 1.50 1.46 0.15 --
Male 1.64 1.55 1.42 0.14
[HDL-C] Female 1.52 1.47 1.49 0.50 0-39
Rural 1.58 1.48 1.42 0.06
Urban 1.55 1.53 1.52 0.92 0-37
Whole group 1.25 1.28 1.14 0.16 --
Male 1.13 1.15 1.11 0.70 0.82
[TG] Female 1.32 1.35 1.16 0.18
Rural 1.20 1.16 1.13 0.31
Urban 1.31 1.40 1.15 0.07 0.05

® = indicates the p-values of the association between rs429358 and each of the lipid profile determinants for the total population as well
as by gender and locality groups; * = indicates the p-values of the interaction effect between rs429358 and gender/rural and urban;
C = cytosine; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; rs = reference sequence;
T = thymine; TC = total cholesterol; TG = triglycerides

No significant interaction effect was observed between rs429358 and gender or level of
urbanisation, for TC, LDL-C or HDL-C (Table 5.15). However, a weak rs429358-locality

interaction (p = 0.05) was observed for TG, with the TG concentrations seemingly higher
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among urbanised individuals carrying the TC genotype. However, the unequal N post hoc
tests were not significant, indicating that the interaction was likely to be a type 1 error.
Furthermore, the slight significance of this interaction was also lost when the respective

confounding variables were adjusted for (Section 5.5; Table 5.7).

According to the literature, an inverse relationship exists between dietary MUFA intake and
TG concentrations (Kris-Etherton, 1999), whereas positive correlations exist between
dietary TFA and SFA intake and TG concentrations (Mozaffarian & Willett, 2009). Even
though these relationships were observed in the present study, none was significant
(Section 5.5; Table 5.6). Significant gene-diet interactions were observed for the rs429358
SNP. According to Table 5.15, lower TG concentrations were observed among those
harbouring the CC genotype, but this was non-significant (p = 0.16) compared to those
harbouring other genotypes. However, a significant gene-diet interaction with reference to
the dietary MUFA intake was observed (p = 0.04), so that individuals harbouring the CC
genotype had decreasing TG concentrations with increasing MUFA intake (Figure 5.27). A
positive relationship between MUFA intake and TG concentrations was established for

those individuals carrying the T- allele.
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Figure 5.27 The interactive effect of dietary MUFA intake with rs429358 on
triglyceride concentrations for each of the genotype groups
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Furthermore, the significant interactions between dietary TFA (p = 0.04) and SFA
(p = 0.03) with the SNP rs429358 resulted in inverse TFA:TG and SFA:TG relationships,
specifically among individuals harbouring the CC genotype (Figure 5.28). However,
separately neither the SNP (p =0.63) nor the dietary TFA intake (p =0.61) was
significantly correlated with TG concentrations, according to the univariate analysis
(Figure 5.28).
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Figure 5.28 The interactive effect of dietary TFA intake with rs429358 on triglyceride
concentrations for each of the genotype groups
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Similar results were reported for the univariate analysis conducted for the rs429358-SFA
interaction, where the SNP itself (p = 0.34) and the dietary SFA intake (p = 0.20) also did
not significantly correlate with TG concentrations (Figure 5.29). These results suggest that
these interactive gene-diet effects possibly have a mechanistic role in the metabolism of
TG concentrations and further studies should be conducted to investigate this. However,
the unequal N post hoc tests were not significant for any of these three gene-diet
interactions and therefore the differences observed in Figures 5.28-5.30 cannot be

ascribed to a specific genotype (CC) group.
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Figure 5.29 The interactive effect of dietary SFA intake with rs429358 on triglyceride
concentrations for each of the genotype groups
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Lastly, a significant genotype-phenotype interaction effect between PAI-1,; and the
rs429358 SNP on TG was observed (p =0.00), but no significant difference could be
ascribed between the different genotypes, as the unequal N post hoc test was not
statistically significant (Figure 5.30). The univariate test for significance indicated that
separately the SNP (p = 0.13) was not significantly correlated with TG concentrations, but
PAI-1,: (p = 0.00) was. This phenomenon observed for SNP rs429358 is similar to that
observed in Section 5.5.1 for rs1081101 and this interactive effect can therefore be added
to the list of genetics-related factors that may be causative of the increased PAI-1

concentrations among black South Africans.
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Figure 5.30 The interactive effect of PAIl-1, concentrations with rs429358 on
triglyceride concentrations for each of the genotype groups
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555 SNP rs7412

Data output for this SNP differed from the other SNPs, as a different method was applied
to conduct the genotypic analysis of SNP rs7412, as discussed in Section 5.4. The allelic
discrimination (AD) window generated for the current cohorts were all similar to
Figure 5.31 (conducted on a Bio-Rad CFX96 gPCR apparatus). The homozygous alleles
located in the top left quadrant represent the CC genotypes, as the VIC dye is attached to
the C-TagMan® allele probe. The homozygous alleles located in the bottom right
quadrants represent the TT genotypes, since the FAM dye is attached to the T-TagMan®
allele probe. The heterozygotes (CT) are located in the upper right quadrant. The NTCs
or any samples with no DNA amplification are located in the lower left quadrant.
Normalised relative fluorescence units (NRFU) for each allele (dye) were plotted against
the opposite allele, as presented in Figure 5.31. Furthermore, normalisation is
accomplished relative to the NTC wells. Figure 5.31 is a graphical representation of the
annotated computer screen view of the Bio-Rad CFX Manager® (version 2.0).
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Furthermore, this figure is specifically an illustrative example of what the AD graph looked
like after the analysis had been conducted on the Bio-Rad CFX96 gPCR machine and
after the data had been normalised based on the NTC results.

Figure 5.31 Bio-Rad CFX Manager® allelic discrimination for SNP rs7412
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The ancestral allele for rs7412 is the C allele with the T allele being the variant allele. The
MAF was 0.14 in the present cohort which is slightly higher than the 0.10 among
sub-Saharan Africans and 0.09 among (American) Caucasians
(http://www.ncbi.nIm.nih.gov/projects/SNP/snp_ref.cgi?rs=7412)  previously  reported.

Possible reasons for these differences are provided in the following paragraphs.

This SNP was also in HWE according to the chi-square test results, with d.f of 2
(Table 5.16), indicative of the fact that this SNP adhered to the assumptions of HWE
(Hardy, 1908). As previously discussed, the study population was representative of the
larger black South African population, as the genotype frequencies fell in the 95% CI
ranges (presented in Table 5.16) and therefore no sampling error occurred. The
differences between the MAF of the two African populations can be ascribed to the internal
diversity in these populations (Jorde & Wooding, 2004), whereas the MAF difference
between the present black South African cohort and the Caucasian population can be

ascribed to the aforementioned out-of-Africa theory and the fact that Caucasians present
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with lower MAFs because of factors such as positive selection (Cummings, 2011; Jorde &
Wooding, 2004).

Table 5.16 Adherence to the assumptions of Hardy-Weinberg Equilibrium of the
rs7412 locus in the present PURE population using chi-square test

analyses
rs7412 (CIT)
Chi-square test for goodness of fit to the Hardy-Weinberg proportions
-value®
Genotype CcC CT TT P )
()
_ Observed numbers (O) 1494 469 43
Ch"tsé‘i‘t‘are Frequency (%) 74.47 23.38 2.14
Expected numbers (E) 1489.39 478.22 38.39
0.39
2= (ALE)2
x*= (O-E)’/E 0.01 0.18 0.55 0.75)
Genotype 95% ClI ranges (%) 72.57-76.39 | 21.53-25.23 1.51-2.78
distribution

% = percentage; y’= Chi-square value; C = cytosine; Cl = confidence intervals; E = expected; O = observed numbers; rs = reference
sequence; T = thymine

A number of significant associations were observed between the rs7412 genotypes and
the different lipid profile determinants in the different groupings (Table 5.17). The TC and
LDL-C concentrations were significantly different between the three genotypes for the total
population, gender and rural/urban groups (Table 5.17), whose effects remained after
adjusting for the respective confounding variables (Section 5.5; Table 5.7). Unequal N
post hoc tests indicated that the TC concentrations of the CC genotype carriers were
significantly higher than the CT (p < 0.01) and TT genotype (p = 0.03) carriers, for females
as well as the total population, respectively. Furthermore, the CC genotype carriers had
significantly higher (p < 0.05) TC concentrations, than the CT genotype carriers for rural as
well as urban dwellers. Similar results were observed for the LDL-C concentrations which
were higher among the CC genotype carriers than the CT (p =0.00) and TT genotype
(p < 0.004) carriers, for the total population and women as well as rural and urban
dwellers. Furthermore, the LDL-C concentrations were significantly higher among the CC
genotype carriers than the CT genotype carriers (p <0.01) among men and urban
dwellers. Therefore, from these results it seems that overall the CC genotype carriers

have elevated TC and LDL-C concentrations compared to the other genotype groups.

Even though the HDL-C concentrations were significantly associated with the different
genotype classes in the total population, women and the urban group, the increased

HDL-C concentrations observed among the TT genotype carriers, were not significantly
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different from the other genotypes after unequal N post hoc tests had been conducted,
possibly because of the relatively small sample size observed in the TT genotype group.
However, the significance of this association was also lost when the confounding variables
were adjusted for (Section 5.5; Table 5.7). A significant association was observed
between the TG concentrations and the rs7412 genotypes among the rural group
(Table 5.17); however, no significant associations between the genotype classes were

determined, since the post hoc tests were not significant either.

Table 5.17 Associations of the lipid profile determinant concentrations with the
rs7412 locus in the present PURE population

rs7412 (CIT)
eriopfii(lje Stratification CcC CT TT p-value® | p-value*
Whole group 5.10 4.79 4.30 0.00 --
Male 4.89 4.61 4.35 0.04 0.63
[TC] Female 5.23 4.91 4.28 0.00
Rural 5.07 4.76 4.25 0.00
Urban 5.14 4.82 4.36 0.002 099
Whole group 3.04 2.62 2.05 0.00 --
Male 2.80 2.45 2.03 0.00
[LDL-C] Female 3.18 2.73 2.05 0.00 0-30
Rural 3.03 2.62 1.91 0.00
Urban 3.05 2.63 2.20 0.00 074
Whole group 1.50 1.59 1.66 0.01 --
Male 1.58 1.63 1.79 0.33
[HDL-C] Female 1.45 1.57 1.59 0.02 063
Rural 1.50 1.58 1.65 0.28
Urban 1.49 1.61 1.67 0.03 078
Whole group 1.25 1.28 1.33 0.95 --
Male 1.14 1.18 1.17 0.97
[TG] Female 1.32 1.35 1.41 0.83 0-98
Rural 1.18 1.25 1.54 0.02
Urban 1.33 1.31 1.10 0.20 000

® = indicates the p-values of the association rs7412 and each of the lipid profile determinants for the total population as well as by

gender and locality groups; * = indicates the p-values of the interaction effect between rs7412 and gender/rural and urban; C = cytosine;
HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; rs = reference sequence; T = thymine; TC =
total cholesterol; TG = triglycerides

A significant gene-locality interaction was observed and graphically, it seems as if the
heterozygote (CT) and homozygote mutant genotypes (TT) are beneficial in an urbanised
environment, but that the TT genotype has an adverse effect on TG concentrations in a
rural environment (Figure 5.32). Nonetheless, these results are speculative, since no

statistical significance has been reported for them in the present cohort and these
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observations will therefore not be discussed in greater detail. However, the unequal N
post hoc tests did indicate that the CC genotype carriers from urbanised areas presented
with significantly higher TG concentrations than the CC genotype carriers from rural areas
(p =0.00). These results could imply the contributing role environmental factors play in
the lipid profile of urban groups that have been reported to have adopted a more
westernised diet that is high in dietary fats (Alberts et al., 2005; Vorster, 2002; Yusuf et al.,
2001a). Another possibility to consider is that the urban carriers of the CC genotype are
not equipped to metabolise the (increased) TG concentrations as effectively as those

harbouring the other genotypes.

Figure 5.32 The interactive effect of locality with rs7412 on triglyceride
concentrations for each of the genotype groups
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Vertical bars denote 95% confidence intervals
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Furthermore, significant gene-diet interactions were observed for rs7412, but after post
hoc tests had been conducted these significant effects were lost, possibly as a result of
multiple testing or the small sample size observed in the TT genotype group. However, as
the nature of the study was exploratory, the possible implication of these interaction effects

can only be speculated on and will be discussed in the following paragraphs.
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According to the literature, TG concentrations decrease with the consumption of MUFAs
(Kris-Etherton, 1999), but increase with increasing dietary TFA and cholesterol
consumption (Mozaffarian & Clarke, 2009; Mozaffarian & Willett, 2009). The observations
made for the interactive effects of the respective dietary variables (cholesterol and TFA)
with the rs7412 SNP on TG concentrations were in accordance with those of the
publications quoted above, in that an inverse correlation between dietary MUFAs and TG
concentrations was observed among individuals harbouring the TT genotype (Figure 5.33).
On the other hand, the interactive effects of dietary cholesterol and TFA with the rs7412
SNP on TG concentrations were not in accordance with these publications, as there was
an inverse linear correlation between dietary cholesterol and TFA intake and TG
concentration among individuals harbouring the TT genotype instead of the expected

positive linear correlation (Figure 5.34).

In Section 3.2 four mechanisms that influence lipid metabolism were discussed, one of
which was the manner in which the ApoE isoforms influence the rate of exogenous fat
removal. The ApoE2 isoforms (which are a product of the strong LD between the
rs429358 and rs7412 SNPs) have been reported to have defective binding ability to the
hepatic CM remnant receptors. This results in a slow hepatic CM remnant clearance rate
which is in turn associated with a delayed catabolism of CM and VLDL remnants leading to
elevated TG concentrations (Davignon et al., 1988; Weisgraber et al., 1982). Therefore,
one can hypothesise that the TT genotype of the rs7412 SNP counteracts this ApoE
protein characteristic, by possibly increasing the CM remnant clearance rate via increasing
receptor-binding activities, resulting in reduced TG concentrations in this specific cohort.
The ApoE protein is also involved in the process of cholesterol absorption and €2 carriers
have been reported to present with higher hepatic cholesterol synthesis and lower
intestinal cholesterol absorption than €4 carriers (Gylling et al., 1995; Miettinen et al., 1992;
Kesaniemi & Miettinen, 1987). It can therefore be hypothesised from these facts that the
effect of the rs7412 SNP alone, may possibly have opposite effects on the metabolism of
lipids when not in LD with the rs429358 SNP and that the TT genotype of the rs7412 SNP
causes these effects. However, the results from the univariate tests indicated that neither
the SNP (p = 0.07) nor the dietary MUFA intake (p = 0.36) solely had a significant effect on
the TG concentrations, but the interactive effect of these two variables on the TG
concentrations was significant (p = 0.03). Furthermore, owing to possible multiple testing

bias and inadequate power, the true effect will require further study.
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Figure 5.33 The interactive effect of dietary MUFA intake with rs7412 on triglyceride
concentrations for each of the genotype groups
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The univariate test indicated a significant interactive effect between the dietary with the
rs7412 SNP on the TG concentrations (p = 0.03). However, these variables were not
significantly associated with TG concentrations on their own, p >0.05 (Figure 5.34).
Furthermore, the post hoc tests for this interaction effect were also not significant. This
implies that this effect is not true in the present cohort and should be interpreted with care,

for the aforementioned reasons.
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Figure 5.34 The interactive effect of dietary TFA intake with rs7412 on triglyceride
concentrations for each of the genotype groups
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Figure 5.35 represents the significant interactive effect of dietary fibre intake with rs7412
on TG concentrations for each of the genotype groups (p =0.01). Results from the
univariate tests indicated that the dietary fibre (p = 0.02) and the SNP (p = 0.01), also had
a single-handed significant effect on the TG concentrations. A meta-analysis on the
cholesterol-lowering effects of dietary fibre concluded that TG and HDL-C were not
significantly influenced by (soluble) fibre intake (Brown et al., 1999). However, an inverse
association between dietary fibre and serum TG and a positive association between
dietary fibre and HDL-C concentrations have been reported by other researchers (Berg
etal., 2008; Sonneneberg etal., 1996). According to Figure 5.38, such an inverse
correlation between TG concentrations and total dietary fibre intake appears to be present
among the homozygote mutant (TT) carriers. However, as the post hoc tests were not

significant, this result should be interpreted with care.
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Figure 5.35 The interactive effect of dietary fibre intake with rs7412 on triglyceride
concentrations for each of the genotype groups
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This gene-diet interaction might imply that an additional TG lowering effect can possibly be
achieved among TT genotype carriers through increased total dietary fibre intake. Similar
correlations and interaction effects have been reported for other ApoE genetic variants
before, but not for the rs7412 SNP itself (Ordovas, 1999). Some researchers have argued
that the cholesterol-lowering effect of fibre is independent of ApoE, as fibre results in
increased bile acid excretion and consequently the liver makes use of the stored
cholesterol to produce new bile acids. The bacterial by-products of fibre fermentation in
the colon have also been determined to inhibit cholesterol synthesis in the liver (Eastwood,
1992). Therefore, based on this evidence it is clear that this interaction effect is not a
result of a reported biological mechanistic link. It is therefore unexpected and needs
further investigation (Wu et al., 2007). The small sample size harbouring the TT genotype
and multiple testing bias indicate that these results should be interpreted with care and
their true effect should be confirmed in powered studies.
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Although the obvious dietary factors implicated in gene-diet interactions affecting plasma
lipid concentrations are dietary fats, cholesterol and fibre intake, other dietary components
such as alcohol intake have revealed significant interactions as well (Ordovas, 2008). As
mentioned in Section 5.1, GGT was measured as a marker of alcohol consumption and
has been reported to correlate positively with HDL-C in both men and women from the
present cohort group (Pisa et al., 2010). Furthermore, other researchers have reported
that no ApoE-alcohol interaction effect on lipid concentrations (i.e. HDL-C) occur among

Caucasian populations (Chen et al., 2009; Djousse et al., 2004).

In this cross-sectional, exploratory study significant interaction (p = 0.00) between rs7412
and GGT concentrations on HDL-C concentrations was observed (Figure 5.36), which
remained significant after post hoc testing (Bonferonni, p =0.02). The post hoc test
furthermore indicated that the HDL-C concentrations were significantly higher in the
heterozygote genotype group (CT) compared to the wild type homozygote genotype
group, TT (p = 0.02), indicating that the mutant allele might in this case be advantageous
while interacting with GGT concentrations. To the knowledge of the researcher a limited
number of analyses have been performed on the interaction between the ApoE genotype
and alcohol consumption and its modulating effect on various lipids. Therefore, the results
presented in this study contribute to existing literature and the mechanistic role of this

interaction needs to be investigated further.
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Figure 5.36 The interactive effect of GGT concentrations with rs7412 on HDL-C
concentrations for each of the genotype groups
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Although the positive correlation between alcohol consumption and HDL-C concentrations
is well known, its effect on the other lipid profile determinants, i.e. LDL-C and TG, is still
unclear (Ordovas, 2008). A possible hypothesis to explain why these correlations with
other lipid profile determinants could not have been confirmed might be derived from
existing interactive effects between genetic variants and alcohol consumption. The
significant interaction (p =0.00) between the GGT concentrations and the TG
concentrations in the different rs7412 genotypes observed in the present study is
supportive of this hypothesis (Figure 5.37).

Pisa etal. (2010) reported a significant positive correlation between the TG and TC
concentrations and GGT concentrations for both men and women in the black South
African cohort under investigation. Furthermore, as indicated in Section 5.1, the TG as
well as GGT concentrations were highest among urban dwellers. According to Table 5.17,
the TG concentrations are elevated among CC genotype carriers and in addition to this,

the present study observed significant interaction (p = 0.00) between the GGT
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concentrations and the TG concentrations in the different rs7412 genotypes (Figure 5.37).
Furthermore, increased TG concentrations were observed among the CC genotype in
Figure 5.37 and elevated TG concentrations were observed among urban dwellers
(Figure 5.32). These results might imply that even though urban dwellers consume more
alcohol than rural dwellers and as a result present with significantly higher GGT
concentrations (p = 0.01), individuals harbouring the CC genotype have significantly higher
TG. The data suggest that in urbanised individuals, variability at this locus modulates the

effects of consuming alcoholic beverages on TG concentrations.

Figure 5.37 The interactive effect of GGT concentrations with rs7412 on TG
concentrations for each of the genotype groups
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Significant gene-phenotype interaction was also observed for the rs7412 SNP. The
inverse correlation between BMI and HDL-C is supported by literature (Shamai et al.,
2011; Krauss etal.,, 1998). A number of obesity metrices exist, such as waist
circumference, waist-to-hip ratio, waist-to-height ratio and BMI, of which the latter has
been reported to be the simplest and most clinically practical and accepted measure of

obesity (Litwin, 2008). According to Figure 5.38, it seems that the significant interaction
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(p = 0.02) between the rs7412 SNP and BMI might be a modifying factor for the lower
HDL-C concentrations observed in the C-allele carriers of the rs7412 SNP, as the post hoc

tests were determined to be significant (Bonferonni: p = 0.01).

This observation is in accordance with the suggestion that with the inclusion of
gene-obesity interaction effects on HDL-C, the total variance of HDL-C concentrations is
explained (Lamina etal., 2012). This research group reported results based on SNP
scores, which indicated that a substantial part of the genetic regulation of HDL-C is
modified by increasing obesity, as the combined effect of HDL-C-increasing alleles is
attenuated by increasing obesity levels (Lamina et al., 2012). Furthermore, the reported
results of the present study are in conflict with Mi et al. (2011), who reported no significant
BMI-ApoE interaction on HDL-C concentrations in a small number of non-Caucasians.
However, Mi et al. (2011) might not have been able to detect such a significant effect
owing to lack of power. A proposed mechanism for this observed interaction is provided in
Section 5.5.6 pertaining to the modulating effect of the ApoE (€2/ €2)-BMI interaction on
HDL-C concentrations (Figure 5.40).
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Figure 5.38 The interactive effect of BMI with rs7412 on HDL-C concentrations for
each of the genotype groups
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5.5.6 ApoE haplotype-genotypes (the €2/ €3/ €4 epsilons)

As discussed in the literature review chapter (Section 3.2) most reported data pertaining to
genetic variation in the ApoE gene refer to the €2/ €3/ €4 haplotype-genotypes. These
haplotype-genotypes result from the strong LD between the genotypes at the rs429358
(Section 5.5.4) and rs7412 loci (Section 5.5.5), as discussed extensively in Section 3.2.
Ten combinations of these ApoE haplotype-genotypes occurred in the present cohort
(Table 5.18), as opposed to the six well-known haplotype-genotype combinations,
determined in Zannis et al. (1982). The reason for the additional four combinations is the
presence of the fourth (rare) allele (€3r) in the South African cohort investigated, which
was unexpected, since the occurrence of this allele has only been reported four times
before (Section 3.2). However, the observed LD does not support the formation of this
rare €3r allele due to intragenic recombination in an €2/¢4 heterozygote, but rather favours
the formation of this allele through a T-C mutation at nucleotide 3937 in an €2 allele, or
through a C-T mutation at nucleotide 4075 in an €4 allele (Seripa etal., 2007), as

discussed in Section 3.2.
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The haplotypic distribution was tested for HWE (Table 5.18). The chi-square test indicated
that these haplotypes did not adhere to the assumptions of HWE with a significant p-value
(0.00) and a d.f. of 9 (Hardy, 1908).

undergoing an epidemiological transition; this form of migration may explain the change in

This might indicate that as this population is

the haplotype frequencies observed. Another explanation may be positive selection, which
might be at play in the present cohort, as one halpotype-genotype (€3 carriers) seems to
be more prevalent than the other halpotype-genotypes, which might indicate that the
former halpotype-genotype has an ‘“increased” ability to survive and reproduce
(Cummings, 2011). However, according to the analysis that was conducted to measure
the range within which the actual haplotype-genotype frequency is, no sampling error
occurred, as the genotype frequencies for each of the haplotype-genotypes were within

the 95% ClI ranges (Table 5.18).

Table 5.18 Adherence to the assumptions of Hardy-Weinberg Equilibrium of the
various haplotype genotypes in the present PURE population using
chi-square test analyses

Haplotype-genotype
Chi-square test for goodness of fit to the Hardy-Weinberg proportions
e | nomnere oy | Freauency 06) | (DB | o= 0y | TS el
€2/e2 28 1.94 13.28 16.33368 1.23-2.65
€2/€3 221 15.29 176.84 11.02802 13.44-17.15
€2le4 0 - 53.10 53.09965 -
€2/€3r 0 8.51 11.79 11.78927 -
€3/e3 519 35.92 588.93 8.303913 0.00 33.44-38.39
€3/e4 463 32.04 353.68 33.79133 29.63-34.45
€3/e3r 123 - 78.52 25.19089 7.07-9.95
gd/ed 91 6.30 53.10 27.05171 5.04-7.55
€4/e3r 0 - 23.58 23.57855 -
€3r/e3r 0 - 2.62 2.617474 -
Total 1445 100 1355.44 212.79

¢ = epsilon; % = percentage; x’= Chi-square value; C| = confidence intervals; E = expected; O = observed numbers

The distribution of the ApoE haplotype-genotype frequencies in the present cohort is
presented in Table 5.18. Overall, 38.34% of subjects were carriers of the ApoE ¢4 allele,
whereas 17.23% of subjects were carriers of the ApoE €2 allele. In the present cohort, the
€4 and €2 allele distributions are higher than the common 20% and 10% reported among
Caucasians. However, these results are similar to those reported by other researchers
who have also investigated the ApoE allele distribution in a black South African population.
A study conducted by Loktionov etal. (1999) reported a difference in the ApoE allele
distribution between black South Africans and UK Caucasians. The ApoE distribution
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present in the UK Caucasians was similar to that previously reported in other Caucasian
studies, with an approximate 70% frequency of the £€3/e3 genotype, 20% of the €4-bearing
subjects and 10% harbouring the €2 allele. The incidence of the Apog4 allele among the
black South African population (Loktionov et al., 1999) was higher (28.5%) compared to
the 11.2% prevalence in the Caucasian group. In 1999, Loktionov et al. reported the
highest frequency (14.5%) ever observed for the Apoe2 allele, although this was in a
smaller sample of black South Africans than in the current study (this allele is associated
with lower CHD risk). Furthermore, Loktionov et al. (1999) reported the lowest frequency
of €3/e3 carriers (30%), lower frequencies for the e4/e4 haplotype-genotype (9%) and a
frequency of 0% for the €2/e2 haplotype-genotype, whereas the expected haplotype
frequency for €2/e2 was reported to be 2%, among the black South African population.
The €4/¢4 haplotype frequency in the present cohort (6.30%) was less than that reported
previously for this ethnic group. Furthermore, the €2/¢2 haplotype was observed in the
present cohort, but at a low frequency (x 2%), even though the expected frequency was
much higher, 13.28% (Table 5.18). The €3/e3 distribution was slightly higher in the present
cohort (approximately 6%, Table 5.18) than that reported by Loktionov et al. (1999).

Therefore, according to these results, it is suggested that the potential genetic risk, as
defined by the high-risk €4 allele, is high in the black South African population, which is
reported to have a generally low CVD incidence rate. Even though this may seem
contradictory, it in actual fact emphasises the role that environmental factors play in CVD
development. In essence the unfavourable ApoE allele frequencies reported in the black
South African population may result in a rapid increase in CHD incidence among this
population in the event that their exposure to adverse environmental factors (i.e. high-fat
Western diets and a sedentary lifestyle, which results from urbanisation) should also
increase. Loktoniov et al. (1999) also investigated other quantitative CVD risk biomarkers
(i.e. blood lipid concentrations) and determined that the TC and LDL-C concentrations are
dependent on the ApoE genotype in black South Africans; however, these concentrations
were always 20-30% lower compared to the Caucasian subjects, with similar ApoE genetic
variants. The adverse effect of ApoE polymorphisms on lipid concentrations among rural,
black South African subjects is similar to that in Caucasians, even though the absolute
values of the lipid concentrations (particularly TC and LDL-C) were 20-30% lower among
the rural South African population than in the Caucasian population that presented with
similar ApoE allele frequencies (Loktionov et al., 1999). These results emphasise the role

of other contributing social and behavioural factors (i.e. urbanisation), which may play a
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vital part in the development of a multi-factorial disease such as CVD (Loktionov et al.,
1999).

Further statistical analyses were conducted on the haplotype-genotype groups for which a
sufficient amount of data were available. These included the following groups: €2/€2;
€3/e2; €3/€3; €3/3r; €4/e4 and €3/e4. In general, the results presented in Table 5.19 are
similar to the published data related to the ApoE genotype-lipid profile relationship in other
populations i.e. non-Hispanic blacks; Mexican-Americans and Tunisians (Chang et al.,
2010; Lanktree et al., 2009; Jemaa et al., 2006; Atkinson et al., 2004).

146



CHAPTER FIVE RESULTS AND DISCUSSION

Table 5.19 Associations of lipid profile determinant concentrations with haplotype genotypes in the present PURE population

Haplotype-genotypes

€3/e4 €3/e3 €3/€3r €3/e2 €d/e4 €2/e2 p-value$ p-value*
Whole group 5.11 5.10 4.85 4.75 5.14 4.19 0.00 -
Male 4.86 4,91 4.50 4.50 4.90 4.09 0.05 0.95
[TC] Female 5.27 5.20 5.04 4.89 5.30 4.25 0.01
Rural 5.02 5.17 4.73 4.63 5.13 3.98 0.00
Urban 5.21 5.04 4.96 4.86 5.15 4.40 0.14 0-28
Whole group 3.05 3.02 2.74 2.56 3.20 1.88 0.00 -
Male 2.79 2.78 2.41 2.37 2.98 1.93 0.00 0.63
[LDL-C] Female 3.21 3.14 2.92 2.67 3.34 1.85 0.00
Rural 3.03 3.06 2.69 2.51 3.21 1.73 0.00
Urban 3.07 2.98 2.78 2.60 3.18 2.04 0.00 0-85
Whole group 1.50 1.52 151 1.64 1.43 1.74 0.00 -
Male 1.55 1.62 1.54 1.64 1.42 1.65 0.57
[HDL-C] Female 1.46 1.46 1.49 1.63 1.44 1.79 0.00 0-35
Rural 1.48 1.57 1.45 1.59 141 1.63 0.44
Urban 1.52 1.47 1.56 1.68 1.46 1.85 0.00 007
Whole group 1.25 1.26 1.34 1.23 1.14 1.26 0.42 --
Male 1.19 1.19 1.22 1.17 1.11 1.12 0.99
[TG] Female 1.33 1.33 1.41 1.30 1.15 1.34 0.42 0-96
Rural 1.13 1.20 1.30 1.19 1.13 1.40 0.36
Urban 1.39 1.33 1.38 1.28 1.14 1.13 0.28 0.07

® = indicates the p-values of the haplotype-genotype association and each of the lipid profile determinants for the total population as well as by gender and locality groups; * = indicates the p-values of the
interaction effect between haplotype-genotypes and gender / rural, urban; € = epsilon; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; TC = total cholesterol; TG =
triglycerides
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In the present black South African population, one-way ANOVAs indicated that the TC,
LDL-C and HDL-C concentrations differed significantly between the different
haplotype-genotype groups in the total population (Table 5.19). After adjusting for the
respective confounding variables (Section 5.5., Table 5.7), the significant associations for
TC and LDL-C remained unchanged. The €4 haplotype carriers presented with a more
unfavourable lipid profile compared to the other genotype carriers (Table 5.19). The
addition of the €4 haplotype, resulted in an increase in TC and LDL-C, but a decrease in
HDL-C and TG, whereas the opposite was observed for the genotypes harbouring the €2
allele (Table 5.19). According to the post hoc tests, only the LDL-C concentrations varied
significantly between the haplotype-genotype groups for the total population. The €3
carriers (€3/e4 and €3/¢3) had significantly lower LDL-C concentrations compared to the
€4/e4 carriers (p < 0.001), but higher than the €2/¢2 carriers (p = 0.003). Furthermore, the
€3/e2 carriers had significantly lower LDL-C concentrations than the €4/e4 carriers
(p = 0.004), with the latter presenting with significantly higher LDL-C concentrations than
the €2/e2 carriers, p =0.00 (Table 5.19). The same results for the post hoc tests were
obtained for women and rural dwellers. These results are in accordance with previous
reports indicating that the ApoE genotype (e2<e3<e4) was associated with increasing
LDL-C concentrations among the different sub-groups (Corella et al., 2001; Weintraub
et al.,, 1987). Furthermore, the post hoc tests indicated that the significant association
between LDL-C concentrations and the different haplotype-genotype groups was also
present in the urban group, with the €3/e4 carriers presenting with significantly higher
LDL-C concentrations than the €3/¢€2 carriers; p = 0.04 (Table 5.19). In addition, the post
hoc test indicated that the €3/e3 carriers had significantly higher TC concentrations than
the €3/e2 carriers residing in a rural area (p = 0.03), indicating that the possibility of the €2

haplotype’s protective function is also applicable to the present cohort.

The TG concentrations were lowest among the €4/¢4 genotype carriers compared to the
other genotype groups and even though this observation did not attain statistical
significance it is contradictory to the literature, which reports significantly higher TG among
€4 carriers compared to non-carriers (Rahilly-Tierney et al., 2011; Jemaa et al., 2006;
Frikke-Schmidt et al., 2000). An interesting observation was made regarding the
haplotype-genotype harbouring the rare allele (haplotype) €3/e3r, which presented with the
highest TG concentrations compared to the other groups. Even though this did not attain
significance between the haplotype-genotype groups according to the post hoc tests
either, the association itself is different from the normal lipid profile generally associated

with this haplotype (Murrell et al., 2006). Nonetheless, the presence of the €3r allele has
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only been reported a few times before and this association (though not significant)
therefore seems to be a novel finding and contributes to the scarce literature pertaining to
this rare allele.

In general the majority of €2/€2 carriers (> 90%) are hypolipidaemic and present with lower
HDL-C and LDL-C concentrations (Mahley & Rall, 2000). However, elevated HDL-C
concentrations were observed for €2/¢2 carriers in the total population (Table 5.19), which
might on a mechanistic level explain the healthy lipid profile (desirable HDL-C) observed in
the present cohort (Section 5.1). However, the €2/€2 carriers were not especially prevalent
in the present cohort, with a frequency of approximately 2% and it is therefore unlikely that
they had a population effect. Furthermore, the HDL-C concentrations among the €2/¢2
carriers were not significantly different from the HDL-C concentrations observed in the

other haplotype-genotype groups, as the post hoc test were not significant.

Contradictory results have been reported regarding the effect of the ApoE genotype on
HDL-C (Jemaa et al., 2006; Frikke-Schmidt et al., 2000; Ikewaki et al., 1994). However, it
seems from the significant positive association observed between the ApoE
haplotype-genotype groups and HDL-C for the whole group in the present cohort, that
these data support the notion of such an association (Frikke-Schmidt et al., 2000; Ikewaki
et al.,, 1994). Although the mechanism of this relationship remains to be clarified, it has
been hypothesised that gene-environment interactions contribute to the inconsistencies
between studies, as it is clear that environmental and phenotypic factors interact with
genetic factors in determining HDL-C in each of the ApoE genotypes (Jemaa et al., 2006).
Such interactions are observed in the present cohort and are, therefore, supportive of this
notion (Figure 5.39-5.41).

The gene-diet interaction represented in Figure 5.39 that was observed in the present
cohort was of borderline significance (p < 0.05) and the true impact may therefore be
qguestioned. From Figure 5.39 it seems that harbouring the €2/¢2 genotype may have a
beneficial effect on the lipid profile, as HDL-C concentrations increase with an increase in
dietary fat intake. However, the univariate test (factorial ANOVA) indicated that a
significant positive correlation exists between dietary cholesterol intake and HDL-C
concentrations (p = 0.001), as expected, but no significant association between this
genetic variation alone and HDL-C was observed (p = 0.55). Furthermore, the post hoc

tests were not significant. Therefore, it seems that dietary cholesterol intake has a greater
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effect on HDL-C concentrations compared to the effect of the genetic variant or the

gene-diet interaction effect.

Figure 5.39 The interactive effect of dietary cholesterol intake with the ApoE
haplotype-genotypes on HDL-C concentrations for each of the
genotype groups
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A number of researchers have reported a stronger positive association between HDL-C
concentrations and alcohol consumption in Apoe2 carriers compared to the other
haplotype carriers (Corella etal.,, 2011; Lu etal., 2010), but inconsistent results were
reported regarding the statistical significance of this interaction over a follow-up period and
its effect on CHD risk (Corella et al., 2011; Lu et al., 2010). However, this interaction was

not observed in the present cohort.

Two genotype-phenotype interactions were observed for the ApoE haplotype-genotypes
with  BMI (p =0.02) and PAI-1,; concentrations (p <0.004) on HDL-C and TG
concentrations (Figure 5.40 and Figure 5.41). The univariate tests (factorial ANOVA)
indicated that a significant correlation exists between BMI and HDL-C concentrations

(p =0.00), as expected, and a significant association between the ApoE
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haplotype-genotypes and HDL-C was also observed (p =0.002). As mentioned before,
the inverse relationship between BMI and HDL-C is well known (Section 5.5.5). According
to Figure 5.40, this relationship seems to be prevalent among all the haplotype-genotypes
as well, except for the €2/¢2 group, for which the regression line is more level, compared to
the other haplotype-genotypes’ regression lines. Therefore, the favourable €2/¢2 genotype
possibly plays a protective role by preventing decreasing HDL-C concentrations with
increasing BMI. Furthermore, the mean HDL-C concentrations among €4 carriers were
significantly lower than those among non-carriers and are in accordance with those
reported in a recently published study by Rahilly-Tierney etal. (2011). However, the
aforementioned study, along with other investigations, has reported no significant
interaction between the ApoE genotype and the continuous BMI variable on HDL-C
concentrations (Srinivasan et al., 2001; Lussier-Cacan et al., 2000). It was hypothesised
that the €4 carrier status modified the well-established association between increasing BMI
and decreasing HDL-C concentrations, but this hypothesis has been rejected
(Rahilly-Tierney et al., 2011).

The anticipated mechanism for the interactions presented in Figure 5.39 and 5.40 is that
these environmental (dietary cholesterol intake) and phenotypic factors (adiposity) possibly
enhance the reported mechanistic role of the ApoE protein, synthesised by the liver as part
of VLDL particles. During cholesterol transport, the ApoE protein serves as a ligand for
several processes that cycle TG from VLDL into HDL subtypes. The €4 isoform of ApoE is
less effective in binding to lipoprotein receptors than the €2 or €3 isoforms, so in individuals
with the ApoE €4 haplotype, the pathway between TG-rich VLDL particles and small,
denser, more easily metabolised HDL particles is less effective (Mahley & Rall, 2000).
Further research would be necessary to support any speculation on the metabolic pathway
between BMI, ApoE, and HDL-C concentrations. However, the findings reported here
reject the suggested mechanism that the effectiveness of the ApoE (protein) as a ligand
decreases, as the pathway between VLDL and HDL subtypes become overwhelmed by
the TG-rich environment owing to adiposity (Rahilly-Tierney et al., 2011). In fact, it can
rather be suggested that the binding efficacy of the ApoE €4 is stronger in the present
black South African cohort, compared to that observed in Caucasians, which could result
in more effective lipid metabolism (even though a small increase in LDL-C has occurred)
which in turn can be further enhanced by the observed gene-environment and

genotype-phenotype interactions (Figure 5.39 and 5.40).
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Figure 5.40 The interactive effect of BMI with the ApoE haplotype-genotypes on
HDL-C concentrations for each of the genotype groups
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Cummings (1998) were the first to report the interaction between PAI-1,; and the ApoE
genotype. These researchers reported that the €4 allele was not only associated with the
high CVD risk, but carriers of this allele were determined to have higher PAI-1 activity
compared to the low-risk €2/€3 group (Cummings, 1998). These findings proposed a new
mechanism for the association between the presence of the €4 allele and increased CVD
risk. Furthermore, elevated TG concentrations have been suggested to be atherogenic by
themselves and are associated with increased PAI-1, concentrations (Cummings, 1998).
The literature therefore supports the researcher's observation that significant
PAI-1,.-ApoE genotype interaction occurs in relation to TG (Figure 5.41). However, as the
post hoc tests were not significant, it indicates that these interactions should be interpreted
with care and that further powered studies should confirm the true impact of these

interactive effects.
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Figure 5.41 The interactive effect of PAI-1,; with the ApoE haplotype-genotypes on
TG concentrations for each of the genotype groups
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5.6 SUMMARY OF THE RESULTS

The results obtained in this study will be summarised and discussed in line with the
specific objectives of this research project (Section 1.2), in order to determine to what
extent they were met. The results reported were based on five SNPs and one set of
haplotype-genotype combinations and their associations with the lipid profile determinants.
Initially nine SNPs were included in the final SNP list to be genotyped, of which one SNP
(novel) failed to be genotyped and three SNPs were excluded from the study because of
validation and quality issues pertaining to the BeadXpress® platform (Section 5.3).
Nonetheless, such effects are common in experiments based on medium throughput
genotyping analyses and the present study remains the largest study to investigate the

effect of polymorphisms in the ApoE gene on the lipid profile of black South Africans.

All the SNPs investigated adhered to the assumptions of the HWE, but the
haplotype-genotype distribution did not adhere to the assumptions of HWE, possibly as a

result of positive selection. However, as the frequency distributions of these
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haplotype-genotype combinations were within the 95% CI ranges, it is most likely that it
was not a result of sampling (selection) bias. Furthermore, the MAF distributions differed
between those reported for the present black South African cohort and other ethnic groups
as discussed per investigated SNP in Section 5.5, which suggests that the present cohort
under investigation presents with a unique genetic profile. Even though the novel
alterations identified in the present cohort could not be successfully genotyped other novel
alterations were unexpectedly observed in the present cohort, i.e. the fourth rare allele
(€3r). Even though negative results were reported for the rs1081101 SNP (Section 5.5.1;
Table 5.9), these results are novel, as no prior clinical significance has been reported for
this SNP before. The investigation of all of these aforementioned aspects addressed the
first specific objective of the study, which was to determine the genotype distribution of
various reported as well as novel alterations in the ApoE gene in a black South African

population.

The second specific objective was to assess whether the identified polymorphisms in the
ApoE gene are associated with the lipid profile of a black South African population. The
well-reported rs429358 and rs7412 SNPs (as the constituent SNPs of the
haplotype-genotypes) presented with the strongest associations with various components
of the blood lipid profile in the black South African cohort under investigation. The variety
of associations between these particular SNPs and the blood lipid profile determined in the
present cohort strongly indicates that it is integral to any public health investigation into

CVD development in the present cohort group.

The last three specific objectives of this research study can be addressed together, since
the discussion and interpretation of one interactive effect (i.e. gene-environment,
gene-phenotype and gene-diet) on the lipid profile are often not meaningful without the
others. From Section 5.5 it is clear that a number of significant interactive effects between
various SNPs and environmental, phenotypic and dietary factors were present in relation
to the blood lipid profile in this cohort. However, after post hoc tests had been conducted,
the significance of the majority of these interactions was lost. This can possibly be
ascribed to inadequate power of the present sample size per genotype group. Therefore,
future studies with greater power are needed to confirm whether these results have a true
effect on the lipid profile of black South Africans. Nonetheless, the interaction effect
between various environmental, phenotypic and dietary traits on the lipid profile in the

presence of certain ApoE genetic variants that were determined and for which significant
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results were obtained are summarised in Table 5.20 and will be discussed in the following

paragraphs.

Two gene-environment interaction effects on TG remained significant after post hoc tests
had been conducted. From the results it was evident that individuals residing in an
urbanised environment and harbouring the heterozygote genotype for the rs405509 SNP
had an increased risk of elevated TG concentrations. The reason for this is that these
individuals are reported to consume a more westernised diet that is high in dietary fat
compared to a more traditional (rural) diet and it could be suggested that these subjects
are unable to metabolise dietary TG as well, which results in elevated serum TG
concentrations. Therefore, increased dietary fat intake among these individuals might
aggravate the existing adverse dietary effects of an urbanised diet on the lipid profile. The
same implications apply to the rs7412-locality interaction effect on TG concentrations as
urban dwellers harbouring the wild-type homozygous genotype have significantly higher
TG concentrations than individuals harbouring the same genotype, but residing in a rural

area.

Whether the aforementioned results are of significant public health concern might be
highlighted if the percentages of the total population that harbour the heterozygote
genotype for the rs405509 SNP and reside in an urban area (15%) or harbour the
homozygote wild-type genotype for the rs7412 SNP and reside in an urban area (36%) are
considered. From these percentages it might not seem particularly remarkable; however,
these percentages double if calculated according to the total number of individuals who

are urbanised and harbour the aforementioned SNPs.
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Table 5.20 Summary of all the significant results observed in thepresent study

environment

| TC LDL-C HDL-C TG
Associations
rs429358
Whole group haplot;zzgsnotype rs7412 haplot;zzgeznotype
haplotype-genotype
Men rs7412 rs7412 rs7412
haplotype-genotype | haplotype-genotype
Women rs7412 rs429358 rs7412
haplotype-genotype rs7412 haplotype-genotype
Rural rs7412 rs7412 rs7412
haplotype-genotype | haplotype-genotype
rs429358
Urban ha Iotrszleznot e rs7412 haplotype-genotype
plotype-g yp haplotype-genotype
Interactions
rs405509 — locality*
Gene -

rs429358 - locality
rs7412 — locality*

rs7412-GGT*

rs429358-MUFA
rs429358-SFA
rs429358-TFA

Gene — diet Haplotype.genotype rs7412-MUFA
— cholesterol rs7412-TFA
rs7412-fibre
rs7412-GGT
. rs1081101- PAI-1.4
Gene - oo 2N | 15420358 - PAIl,g
phenotype P yE B%\]/II yp Haplotype.genotype -

PAI-1,

* = significant interactions that remained after post hoc tests were conducted; BMI = body mass index; GGT = gamma-glutamyl
transferase; HDL-C = high-density lipoproteins; LDL-C = low-density lipoprotein cholesterol; MUFA = mono-unsaturated fatty acids;
PAI-1, = plasminogen activator inhibitor type 1; PUFA = poly-unsaturated fatty acids; rs = reference sequence; TC = total cholesterol;
TFA = trans fatty acids; TG = triglycerides; tHcy = total homocysteine

Significant interactions were determined between various ApoE genetic variants and a
number of phenotypic traits that were expected (BMI and PAI-1,y). The fact that the
interaction between PAI-1, and the respective genetic alterations on TG concentrations
was determined for more than one SNP calls for further investigation, despite the
insignificant post hoc tests determined for these interactions. PAI-1 concentrations have
been reported to increase with urbanisation in black South Africans, possibly owing to the
accompanying adverse dietary changes, which result in a deteriorating lipid profile (Pieters
& Vorster, 2008; Greyling etal., 2007).

determined to have an interactive effect with PAI-1, concentrations on TG concentrations

Since three genetic variants have been
(Table 5.20), it is suggested that further functional analysis should be conducted to

determine whether these interactive effects with these genetic variants are causative of the

increased PAI-1 concentrations among black South Africans.
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The rs7412 SNP had a significant interactive effect with BMI on HDL-C concentrations
(Table 5.20). Even though the interactive responses of individuals carrying the CC
genotype, as well as those carrying the CT genotype, and BMI on HDL-C concentrations
were similar, the individuals harbouring the homozygote wild type genotype (CC) are at
increased risk of lowered HDL-C concentrations as they become more overweight.
Furthermore, the wild-type genotype presents with a high-frequency distribution in the
present cohort. The implication of this result is that 93% of individuals harbouring this
genotype in the present cohort have increased susceptibility to reduced HDL-C
concentrations as they become overweight, as discussed before. Similar results were
observed for the rs7412-GGT interaction effect on HDL-C concentrations in that the CC
carriers had significantly lower HDL-C concentrations than the CT carriers. A possible
suggestion might be that the favourable effects of moderate alcohol consumption on
HDL-C for CC carriers are not as great as for the carriers of the CT genotype or the
general public. However, this specific result should be interpreted with care, as the GGT
biomarker is rather used to verify alcohol abuse or even liver damage and not necessarily

alcohol consumption itself.

With the focus of the present study mainly on nutrigenetics, an important result to highlight
was the rs429358-MUFA interaction effect on TG concentrations, which might indicate that
carriers of the CC genotype at the rs429358 locus should consume dietary PUFAs rather
than dietary MUFAs to reduce TG concentrations. Even though the QFFQ used was
verified for this population, the reported dietary fat intake should be interpreted with care
and these diet-gene interactions should be analysed with the use of the blood values of
the dietary data, as this might give more accurate results. However, this was beyond the

scope of this dissertation.

To conclude, the significant gene-locality interaction effect on the lipid profile supports the
scientific evidence indicating that urbanisation, along with other lifestyle changes, could
possibly explain the hastening and increasing incidence rates of metabolic and vascular
dysfunction observed in certain ethnic groups (Forouhi & Sattar, 2006; Steyn et al., 2005;
Yusuf etal., 2001a; Walker & Sareli, 1997; Steyn etal.,, 1991). Furthermore, the
significant genotype-phenotype interaction effects on the lipid profile discussed might be
an approach to reduce the increased risk of CVD among the individuals harbouring these
specific genotypes, as they are receptive to modifiable factors (i.e. alcohol intake/GGT,
BMI) being altered (Haan & Mayeda, 2010; Jofre-Monseny et al., 2008). Therefore, from

these results it is evident that the CVD biomarker under investigation, i.e. the lipid profile of
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black South Africans, is most definitely influenced by not only genetic variations in the
ApoE gene and certain environmental factors, but by the interaction between these factors
as well. However, it is not certain whether the significant results observed will withstand
other factors, such as gene-gene interactions, since it is reported that the effect of one
genetic alteration can be altered by another along the gene. The contributions and

limitations of the present study will be discussed in the concluding chapter to follow.
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CONCLUSION

One of the most recognised multi-factorial diseases is CVD, given that no one single (risk)
factor is causative of the development of this disease. The interactive effect between
various lifestyle and phenotypic factors with genetic factors could influence susceptibility to
developing CVD among individuals and ultimately populations. The lipid profile is a central
biomarker in the development of CVD and the ApoE gene is the best-studied candidate
gene. Therefore, the main aim of this study was to investigate the associations between
specific ApoE SNPs and the lipid profile of a black South African population, taking into
account certain environmental and phenotypic factors in order to explore the interaction

effect between these variables.

The fact that this study was conducted using a multi-factorial approach and a large sample
size (n =1 458 with genotyping data) of black South African individuals, adds to the
novelty of the research presented. Furthermore, accurate estimates of the frequency of
each of the genetic variants that was investigated were made possible by to the large
sample size of this study. When compared to the literature, the frequency distributions of
the investigated genetic variants in the present cohort differed not only from non-African
populations, but from different African populations as well. This emphasises how
genetically diverse human beings truly are and that any genetic associations that have
been reported in one ethnic group cannot be assumed to be present or significant on a
population scale. Furthermore, most genetic association studies are conducted in
non-African populations, but the internal diversity between African populations is much
greater and the need for genetic association studies to be conducted in African
populations is therefore more pronounced. Since it has frequently been reported that CVD
risk differs between ethnic groups, it is of relevance to investigate not only the genetic
factors, but also the environmental factors along with the interaction effect of these factors
that contribute to the development of CVD in different populations.

In the present study, the results indicated that the rs405509 and rs7412 SNPs had a true
significant interactive effect with the environment (area of residence) on TG

concentrations. From these results it could be suggested to advocate that individuals
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residing in an urbanised environment and harbouring the heterozygote genotype for the
rs405509 SNP should be particularly conscious of their dietary fat intake and adhere to the
dietary recommendations made to the general public, i.e. to lower dietary (saturated) fat
intake for an improved lipid profile. The same recommendations can be advocated for
urban dwellers harbouring the wild-type genotype for the rs7412 SNP. Since CVD is a
multi-factorial disease, the prevalence of these gene-environment interactions in the

present cohort was not unexpected.

The rs7412 SNP had a significant interactive effect with BMI as well as GGT on HDL-C
and it could be hypothesised that these interactions might possibly explain the lipid
variability observed in black African populations to a certain extent. Even though it seems
as if this SNP might be important in a public health context pertaining to weight
management, the health recommendation for the individuals harbouring the wild type
genotype for the rs7412 SNP will be the same as it would be to the general population, i.e.
to be aware of the health implications of being overweight. For this reason, it would not be
wise to limit this recommendation to those harbouring the wildtype genotype for the rs7412

SNP, but to merely emphasise this recommendation among the broader public.

Definitive gene-diet interactions (nutrigenetics) were observed, suggestive of the fact that
lifestyle approaches such as increasing fibre and MUFA intake and reducing the intake of
alcohol, dietary cholesterol, dietary SFA and TFA could to some extent negate the
negative effect that certain ApoE genotypes have on the lipid profile. Therefore, it is
important to highlight that even if an individual harbours a favourable ApoE genetic variant,
the necessary lifestyle modifications associated with reduced CHD risk should still be
implemented and advocated, since environmental (risk) factors remain the greatest
contributor to disease development. Furthermore, these gene-diet interaction effects could
possibly provide valuable information on the aetiology of CVD.

One should be cautious to imply that these observed associations and interactions
regarding the lipid profile are of biological relevance, as it is possible that the matter might
be more complex than initially hypothesised (Marques-Vidal et al., 2003). It is difficult to
interpret an uncomplicated benefit-risk model in the field of nutrigenetics because of the
conflicting interactions between different genes (Ordovas, 2006). Knowledge and
understanding of these gene-gene interactions have expanded over the last few years in
the field of nutritional science; however, a lot is still to be discovered and is still not fully

understood. Furthermore, various other interaction types i.e. direct interactions, epigenetic
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interactions and genetic variations, could partially describe nutrient-gene links observed

and should be considered when interpreting interactive effects.

The fact that results that were determined in the present study conflict with previously
reported ones is a common occurrence in genetic association studies (Chang et al., 2010).
These inconsistencies might be due to a number of factors, i.e. the variation in study
design, the ethnicity of the population and the geographic region of the population;
different statistical methods used and the power thereof (especially when certain
genotypes are rare) and lastly the modifiable effect of gene-environment interactions. The
observed differences in associations observed between different ethnicities are more likely
to be due to differences in allele frequencies or haplotype structure than differences in the
real effect (Lanktree et al., 2009).

A fundamental issue when conducting multiple statistical analyses is that the results that
are obtained or determined may be due to an increased risk of type 1 errors. The reason
why a large number of interaction effects were tested for between each of the genetic
variants of the ApoE gene under investigation and many other variants was to remove the
possibility of omitting interactions that could have explained certain content-dependent
effects. In addition to the statistical p-values obtained per interaction, post hoc tests were
conducted and 2D scatterplots were graphed to inspect the interactions visually. This
information for each of the significant interactions determined was evaluated for biological
relevance and consistency with literature to determine whether the observed interactions

were plausible in the present black South African cohort.

Another factor that should also be taken into account and considered for future (powered)
exploratory studies is the option of other genetically defined confounders such as
gene-therapy interactions, gene-gene interactions, LD related aspects, epigenetic
mechanisms and pleiotropic genes. These might contribute to the understanding of the
CVD burden associated with ApoE and might be as insightful as the aforementioned
gene-environment interactions observed in the present black South African cohort.
Furthermore, the results reported in the present cross-sectional study should not only be
tested again with the follow-up data of the larger PURE prospective dataset, which has
recently been made available, but also be replicated in other ethnic groups in an
interventional study design as well. Since the PURE study is a prospective longitudinal
study, it is recommended that future analyses determine whether the significant reported
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associations between the identified ApoE genetic variants with the blood lipid profile

contribute to the CVD incidence rates in a black South African population.

The results reported here contribute to the existing literature, which is mainly focused on
the well-known ApoE epsilon data rather than the SNPs in the ApoE gene and reported for
non-African groups. The rare ApoE allele (¢3r) was detected in the present cohort and
although a possible explanation for the formation of €3r has been proposed, an
explanation for the rarity and the physiological role of this allele remains unavailable to
date. The present study addressed some of the gaps in the literature, as it is to the
knowledge of the researcher the first study to report the presence of this rare allele
(although its frequency is still low) in a population rather than in single individuals as
previously reported. The present study corroborates previous statements that the ApoE
polymorphism is potentially one of the most important genetic predictors of plasma
lipoprotein concentrations and, therefore, risk of CVD. This study further contributes to the
growing body of literature by identifying key determinants of plasma lipoprotein
concentrations, i.e. urbanisation, alcohol consumption, certain dietary factors and BMI, and
provides some insight into the biological mechanisms underlying serum lipid and

cholesterol concentrations in a black South African population.

In conclusion, the specific objectives of the present study have been addressed, but many
questions on the role and effect of the genetic variants in the ApoE gene investigated on
CVD development in the cohort under investigation, remains to be answered. It is very
important that the nutritional genetic results that have been reported advance to
nutrigenomic-based studies in order to translate these observational results into molecular
mechanisms. Therefore, it is necessary to apply more robust methods in order to obtain
more robust data. The outcomes of applying this genomic approach in future nutritional
research could be far-reaching, with the possibility of developing dietary and lifestyle
recommendations on a population level, which could in turn have an effect on major public
health issues, i.e. obesity and NCD. However, to achieve this, a multidisciplinary
approach needs to be followed and the nutritional research field would need to break away

from the more traditional methods used.
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1 DATA COLLECTION

During the first data collection phase, various forms of data were gathered through
different data collection methods. Standardised, interviewer-based questionnaires were
used to capture various characteristics, i.e. demographic information and dietary
composition. Specific experimental assays (discussed in this Addendum A: Section 1.2)
were also conducted, which included blood sample collection along with various analyses
measuring CVD risk biomarkers and anthropometrical variables. Methods pertaining to
genetic analysis are discussed in Chapter four, Section 4.3.

1.1 Questionnaires

Trained fieldworkers interviewed the eligible participants in their native language in order
to collect information via the PURE questionnaires. The data that were relevant to the
present study, were recorded for each individual and included age, gender, location of
inhabitance (rural or urban), ethnicity, medical history (inter alia: a history of CLDs
diagnosed by a doctor and HIV status) and lifestyle behaviour (inter alia: history of tobacco

use, alcohol consumption and dietary intake).

1.1.1 Quantitative food frequency questionnaire

Validated quantitative food frequency questionnaires were completed during interviews
using food portion books designed and standardised for use in the black South African
population, to determine the dietary intake of participants (Macintyre et al., 2001). The
dietary data were computerised by using the Foodfinder3® program [Medical Research
Council (MRC), Tygerberg, 2007], after which the data were sent to the MRC of South
Africa for nutrient analyses. The dietary reference intake (DRI) for fat, according to the
acceptable macronutrient distribution range (AMDR), is 20-35% of the TE intake (from
mostly PUFA and MUFA sources). Therefore, a low-fat diet was defined as one in which
less than 20% of the TE intake was derived from fat, whereas a high-fat diet was defined
as a diet in which more than 35% of the TE intake was derived from fat (Vorster & Nel,
2001; Wolmarans & Oosthuizen, 2001).
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1.2 Measurements of phenotypic characteristics

This section describes the experimental methods used to determine the phenotypic
characteristics of the PURE subjects. Laboratory processes and anthropometric
techniques will be described in further detail. Subjects were requested to fast for at least

eight hours before their arrival at the site of testing.

1.2.1 Blood collection

Registered nurses were responsible for the collection of the blood samples. Whole blood
was drawn from the antecubital vein, using a disposable needle, while the patients were
seated, and with free blood flow to ensure minimal trauma. Each collection tube
(vacutainer) was filled to its capacity. Mixing of the contents of the tubes was achieved
through gentle inversion. The procedure for the collection of serum was that the blood
was allowed to clot in a serum tube at room temperature for 30 minutes, after which it was
centrifuged at 2 000 x gravitational force (g) for 15 minutes at 10 degrees centigrade (°C),
within two hours after collection. For the plasma samples the blood was collected in
ethylene diamine tetra-acetic acid (EDTA) tubes and centrifuged at 2 000 x g for
15 minutes at 4°C, within two hours of collection. Both the resultant serum and plasma
samples were aliquotted and stored at -70°C until analyses were conducted. The buffy
coat collection (for DNA isolation purposes) entailed centrifuging citrate-treated whole
blood at 2 000 x g for 15 minutes at room temperature, after which the leukocyte layer was

aliquotted and stored in a storage tube at -70°C until DNA was extracted.

1.2.2 Measurement of total, low-density lipoprotein and high-density lipoprotein
cholesterol

The Konelab20i™ auto analyser was used for quantitative determination of serum HDL-C
concentrations (Thermo Fisher Scientific Oy, Vantaa, Finland). It is a clinical chemistry
analyser based on the principle of homogeneous enzymatic colourimetric,
immunoturbidimetric and ion-selective electrodes (Gordon etal., 1977). Water-soluble
complexes containing LDL-C, VLDL and CM are formed in the presence of magnesium
ions and dextran sulphate, but are resistant to polyethylene glycol (PEG) modified
enzymes. At that point, the HDL-C concentration is measured enzymatically by
cholesterol esterase and cholesterol oxidase coupled with PEG to the amino groups.
Cholesterol esterase breaks the cholesterol esters down quantitatively into free cholesterol

and fatty acids. Furthermore, in the presence of oxygen, cholesterol is oxidised by
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cholesterol oxidase to form delta (A) 4 cholestenone and hydrogen peroxide. A blue
pigment is formed when hydrogen peroxide, in conjunction with aminoantipyrine, sodium N
(2-hydro-3-sulfopropyl)-3,5-dimethoxyaniline, hydrogen and water, reacts with peroxidase.
The HDL-C concentration is related to the colour intensity of the blue quinoneimine dye,

which is measured at an absorbance of 583 nm.

The Konelab20i™ auto analyser was also used to analyse TC via oxidase-peroxidase
treatment with phenol aminoantipyrine reagents (Thermo Fisher Scientific, Vantaa,
Finland). Cholesterol esterase hydrolyses the cholesterol esters to cholesterol and
free fatty acids, after which cholesterol oxidase oxidises the free cholesterol to
cholest-4-en-3-one and hydrogen peroxide. The hydrogen peroxide combines with
hydroxybenzoic acid and 4-aminoantipyrine to form a chromophore (quinoneimine dye)
which is measured at 500-550 nm (Allain et al., 1974).

The LDL-C particles were not measured directly, but rather estimates were determined
using the Friedewald equation. This was done by subtracting the amount of cholesterol
associated with other particles, such as HDL-C, assuming a prolonged fasting state
in mmol.L™ (LDL-C = TC — HDL-C — TG/2.2), provided the TG did not exceed 4.5 mmol.L™
(Klug, 2012).

1.2.3 Measurement of triglyceride concentrations

The Sequential Multiple Analyser Computer (SMAC) method was applied to measure the
TG concentrations, using the Konelab20i™ auto analyser. The TGs were hydrolysed to
fatty acids and glycerol, whereupon the glycerols were phosphorylated to
glycerol-3-phosphate, which was oxidised to dihydroxyacetone phosphate and hydrogen
peroxide. Once the formed hydrogen peroxide reacts with the 4-aminoantipyrine and
4-chlorophenol, a quinoneimine dye is formed. The absorbance is measured at 510 nm,
after which the TG concentration is calculated by using a calibration curve (Thermo
Electron Corporation, Vantaa, Finland).

1.2.4 Measurement of plasminogen activator inhibitor type-1

A chromogenic assay kit was used for the determination of plasminogen activator inhibitor
type-1 (PAI-1). A fixed amount of tissue plasminogen activator (t-PA) was added to a

plasma sample and then acidified to destroy potential plasmin inhibitors, and subsequently
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diluted. A mixture of Glu-plasminogen, poly-D-lysine and chromogenic substrate was
added. The quantity of active t-PA remaining in the sample catalysed the conversion of
plasminogen to plasmin, which hydrolysed the chromogenic substrate. The amount of
colour that developed was relative to the amount of active t-PA in the sample. The PAI-1
activity (PAI-1,¢) content of the sample was the difference between the amount of t-PA
added to the sample and the amount of t-PA recovered (Spectrolyse pL PAI-1, Biopool,

Trinity Biotech, Ireland).

1.2.5 Measurement of total homocysteine concentrations

Venous EDTA treated plasma samples were used to determine the total homocysteine
(Hcy) concentrations (which included the sum of free and protein-bound Hcy, homocystine
and Hcy-cysteine mixed disulphide) on the Abbott automated immunoassay analyser
(AXSYM) by an external pathology company. The determination of tHcy concentration was
based on fluorescence polarisation immunoassay- (FPIA) —based technology with the CV
for all assays equal to 4.52%. The procedure required that Hcy, mixed disulphide and
protein-bound forms of Hcy in the sample were reduced to form free thiol by the use of
dithiothreitol. Thereafter, the free Hcy was enzymatically converted to S-adenosyl-L-Hcy
(SAH) by the use of SAH hydrolase and excess adenosine. SAH hydrolase converts SAH
to Hcy, under physiological conditions. The excess adenosine (in the pretreatment
solution) initiates the conversion of Hcy to SAH by the use of the recombinant SAH
hydrolase (Sundrehagen E/Axis Biochemicals ASA). Thereafter, specific monoclonal
antibodies and the fluoresceinated SAH analog tracer start the FPIA detection system from

which the tHcy concentrations are calculated by the created calibration curve.

1.2.6 Measurement of gamma-glutamyl transferase as the biochemical marker of
alcohol intake

The Konelab™ auto analyser (Thermo Fisher Scientific Oy, Vantaa, Finland), was used
and the SMAC method was applied to measure the serum gamma-glutamyl transferase
(GGT) concentrations. The principle of this kit is that the transfer of glutamic acid to
acceptors such as glycylglycine is catalysed by GGT. During this process 5-amino-2-
nitrobenzoate, which absorbs light at a wavelength of 405 nm, is released and the
increase in absorbance is directly related to GGT activity (Thermo Electron Corporation,
Vantaa, Finland). The cut-off values used for men and women were 80 U.L™* and 50 U.L™,

respectively.
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1.2.7 Blood pressure

The OMRON HEM-757 automatic digital blood pressure monitor from Omron Healthcare
(Kyoto, Japan) was used to measure the blood pressure (BP) of the participants using the
brachial artery. While the measurement was taken, the participants were seated upright
with their right arm supported at heart level and the exact readings for systolic BP and
diastolic BP were reported in millimetres of mercury (mm Hg). The participants had to be
rested, relaxed and calm for five minutes and should not have climbed stairs in the 15 to
30 minutes before the measurement was taken. The participants should also not have

smoked, exercised or eaten in the last 30 minutes before the measurement was taken.

1.3 Determination of human immunodeficiency virus status

Subjects who gave informed consent for HIV testing were also given an option to be
informed of the results obtained. Each of the tests was done according to the protocol
stipulated by the National Department of Health, South Africa. Each subject received
pre-test counselling in groups of ten, as well as individual post-test counselling, for those
who wanted to be informed of the results. The presence of HIV antibodies was
determined using the rapid First Response® HIV card test 1-2.0 (Transnational
Technologies Inc.) and if the results were positive, the test was repeated with the
Pareeshak® (BHAT Biotech India) card test.

1.4 Anthropometrical assessment

The subjects, wearing minimal clothing, were measured by qualified level 2 International
Society for the Advancement of Kinanthropometry accredited anthropometrists. The
height of the participants was measured in metres with a stadiometer (IP 1465, Invicta,
London, UK) and body mass was determined using a portable electronic scale (Precision
Health Scale, A&D Company, Tokyo, Japan). All anthropometrical measurements were
taken twice, unless a difference of larger than 5% occurred between the first two
measurements, when a third measurement was taken to assure accuracy. BMI was
calculated by dividing their body mass (kilograms) by their height squared (metres?). A
BMI below 18.5 kg.m™ was interpreted as being underweight, between 18.5-24.9 kg/m™ to
be within the normal range, between 25.0-29.9 kg/m™ to be overweight and =30 kg/m™ as

obese.
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PURE-SA Project
INFORMED CONSENT FORM (PHASE 1)

[, the undersigned ....... ..o (full names) understand
that the only information that will be asked from me is the family census and household
qguestionnaires. | understand that a field worker from the PURE-study will ask me the questions

and that all the information gained from me will be kept confidential.

| indemnify the University, also any employee or student of the University, of any liability against

myself, which may arise during the course of the project.

I will not submit any claims against the University regarding personal detrimental effects due to the

project, due to negligence by the University, its employees or students, or any other subjects.

(Signature of the subject)

Signed at .....ooiiieiiiei e, ON e
Witnesses

L

2

Signed at ..., (0] o P
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PURE-SA project

INFORMATION TO COMMUNITIES

Dear Participant

Thank you for being willing to help us in this very important project. We are sure that the project

will contribute to improve health of all the people of the North West Province.

The aim of the project is to get enough information regarding the development of chronic diseases
like Diabetes, Stroke, Lung disease and heart disease with urbanisation to plan appropriate health

and nutrition intervention strategies.

For this study we need 2 000 subjects whom we can follow for 12 years. The baseline survey will
be done from April 2005 to November 2005. The subjects must be from rural as well as urban
communities. Therefore, 500 subjects from 4 different levels of urbanisation will be needed.
Ganyesa and Tlakgameng were chosen for the rural and semi-rural areas because they are still
under tribal law with a good infra structure and stability. We also spoke to Chief M. Letlhogile and
the mayor Mr. E. Tladinyane and both gentlemen gave us permission to do the research in these
two communities. lkageng and the informal Ikageng were chosen as they are convenient and near

the University. Clir GG Megalanyane and Cllir Mahesh Roopa are informed about the study.

All the questionnaires will be filled out at your houses by trained research field workers who are
from your communities. After a household survey and a family census on most of the households
in your community to give us an overview of the total community, 250 men and 250 women from all
four sites (Ganyesa, Tlakgameng, lkageng, and the Informal lkageng) will be asked to proceed

with the study. These subjects should be:

e Older than 35 years
e Healthy — which means that they must not be aware of any disease and do not take any

chronic medication.
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These 2 000 subjects will be asked to fill out the adult questionnaire, the food frequency
guestionnaire, the health questionnaire and the physical activity questionnaire. We will also make
an appointment with each subject to take some measurements such as weight, height, skinfold
thicknesses, ECG (test for heart abnormalities), lung functions, blood pressure, blood glucose,
blood samples and a urine sample.

It is very important that we gather quality data and knowledge. Because HIV/AIDS is such a
devastating illness and affects almost all aspects of health, it is necessary to know if HIV is absent
before we analyse the data. Therefore, we will ask questions about your HIV status which you are

allowed not to answer.

It is also very important to us that you feel free to participate in this study and that you understand
what the study is all about. The fieldworker will ask you to sign this form after you have read and
understood it.

Kind regards

Dr ANNAMARIE KRUGER
Contact details: 082 7715778 / 018 2994037(W) / 018 2907024(H)
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PURE-SA Project
INFORMED CONSENT FORM (Phase 2)

[, the UNAersigned ..o e (full
names) read / listened to the information on the project in PART 1 and PART 2 of this document
and | declare that | understand the information. | had the opportunity to discuss aspects of the
project with the project leader and | declare that | participate in the project as a volunteer. | hereby

give my consent to be a subject in this project.

| agree to be tested for HIV Yes No
| want to know my HIV-status Yes No
| agree to give a blood sample Yes No

| hereby also declare that | am aware that:

1. this blood sample will be used for the purpose of
a. lIsolating DNA to look at genetic factors that are currently associated with Type 2
Diabetes (i.e. the Calpain10, Adiponectin, Leptin and Leptin Receptor genes), or genetic
factors that may be associated with non-communicable diseases in the future. We give
the assurance that all genetic tests and experiments will only focus on genotypes
suspected to contribute to an increased risk of non-communicable diseases of lifestyle.
b. Testing for liver function by determining liver enzymes such as AST, GGT,
c. Analyses of other than genetic parameters for Diabetes Mellitus such as HbA;C, Blood
glucose and Insulin
d. Analyses of clotting factors and hypertension markers
e. Analyses of bone health, iron and nutrition status
f.  And may be stored until such time as the above measurements/analyses will be done.
2. Atwo hour glucose tolerance test will be done
3. Body measurements such as height, weight, skinfold thicknesses, arm and leg circumferences

will be taken
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Electrocardiograph be taken
Blood pressure to be taken

Pulse wave velocity measurements will be made

N o g k&

A urine sample to be collected to analyse for the presence of heavy metals such as lead and
mercury,

8. A Spirometer test to be performed to determine lung function

9. A handgrip test to be performed to test muscle strength

10. A hair sample to be taken to test for fumonisin mycotoxins.

(Signature of the subject)

Signed at ... Potchefstroom / Ganyesa ... (delete not applicable option) on ......... l........ /2005
Witnesses

L e —————— 2. .
Signed at ... Potchefstroom / Ganyesa ... (delete not applicable option) on ......... l........ /2005
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PART 1

School/Institute:

Faculty of Health Sciences, North-West University

Title of project/trial:
PURE: Prospective Urban and Rural Epidemiological study

Full names, surname and qualifications of project leader:

Dr. Annamarie Kruger, Ph.D. (Nutrition)

Rank/position of project leader:

Research Manager

Aim of this project

PURE’s aim is that understanding the different lifestyle and health transitions of individuals
in response to societal changes will elucidate societal and individual adaptive strategies
that could diminish the adverse health effects of industrialisation and urbanisation on
health, while retaining its benefits.

Explanation of the nature of all procedures, including identification of new procedures:

Each participant will have to fill in a number of questionnaires (Adult questionnaire, Physical
activity questionnaire, Food frequency questionnaire, Health questionnaire) with the help of
field workers. A blood and urine sample will be taken. Physical measures will be
performed, including anthropometric measures (such as weight, height, and waist
circumference), blood pressure, lung capacity and lung volume and an ECG will be
performed.

Description of the nature of discomfort or hazards of probable permanent consequences for
the subjects which may be associated with the project: (Including possible side-effects of

and interactions between drugs or radio-active isotopes which may be used.)

It will take each participant quite a while (about two hours) to complete all the tests and
discomfort may be experienced with the taking of blood samples. No measures will have

permanent damage or consequences for the participants.
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Precautions taken to protect the subjects:
The research nurse will be present at all times, and will be responsible for the blood

sampling. She is very experienced and has performed these procedures numerous times

in previous studies.

Description of the benefits which may be expected from this project:
When measures with immediate results are taken, such as blood glucose levels or blood
pressure, the information will be communicated to the individual to seek professional help.

Since this study is a longitudinal study, subjects that are high at risk will be identified from

the dataset and personal feedback will be given.

Alternative procedures which may be beneficial to the subjects:

There will be tested for HIV/AIDS, therefore pre-test counselling will be given. If the subject

wants to know his/her status and he/she tests positive, post counselling will also be given.

174



ADDENDUM D

PART 2

To the subject signing the consent:

You are invited to participate in a research project. It is important that you read/listen to and

understand the following general principles, which apply to all participants in our research project:

1.
2.

Participation in this project is voluntary.

It is possible that you personally will not derive any benefit from participation in this project,
although the knowledge obtained from the results may be beneficial to other people.

You will be free to withdraw from the project at any stage without having to explain the
reasons for your withdrawal. However, we would like to request that you would rather not
withdraw without a thorough consideration of your decision, since it may have an effect on
the statistical reliability of the results of the project.

The nature of the project, possible risk factors, factors which may cause discomfort, the
expected benefits to the subjects and the known and the most probable permanent
consequences which may follow from your participation in this project, are discussed in
Part 1 of this document.

We encourage you to ask questions at any stage about the project and procedures to the
project leader or the personnel, who will readily give more information. They will discuss all
procedures with you.

The University staff will use standardised procedures and take all possible precaution to
protect the subject from risks.

All information will be kept CONFIDENTIAL and no personal information will be published

without my consent.

Dr ANNAMARIE KRUGER

Contact details: 082 7715778 / 018 2994037(W) / 018 2907024(H)
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