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ABSTRACT

Cardiovascular diseases (CVDs) are the leading cause of death worldwide, and the
prevalence thereof is on the rise in developing countries due to the demographic transition
and urbanization. The inflammatory process, atherosclerosis, is at the root of the majority of
CVDs and is caused by unresolved inflammation. Various cardiovascular risk factors such as
hyperglycaemia, dyslipidaemia, hypertension, smoking and aging stimulate the development
of atherosclerosis through triggering inflammation. Being in a state of chronic low-grade
inflammation therefor places an individual at higher risk of developing CVD, with inflammation
playing a cause and effect role. The aim of this study was to investigate the inflammatory
status of an elderly black South African population by analysis of inflammatory markers HS-
CRP, TNF-a and IL-6, as well as the genetic polymorphism C174G associated with increased
serum levels of IL-6 in some populations. The research was conducted in the field of
Biomedical Sciences as a quantitative, cross-sectional, analytical observational design. The
study was ethically approved and involved collection of 84 blood samples from volunteers in
a purposively selected population as part of a larger collaborative study. Serum was used to
analyse HS-CRP, TNF-a and IL-6 and DNA was extracted from whole blood for analysis of
the C174G polymorphism. The median serum HS-CRP of 6.44mg/L (IQR = 2.82 - 9.86mg/L)
fell within the highest risk (>5mg/L) of CVD and 75% of participants were at high (3.01-5mg/L)
or very high (>5mg/L) risk. The median TNF-a of 0.00pg/mL was within the normal range and
only 2.6% of participants had high serum TNF-a levels. The median serum IL-6 level was
1.92pg/mL and was also within the normal range with only 2.6% of participants who had high
serum IL-6 levels. For the C174G polymorphism analysis, 98.6% had the GG, 1.4% the GC
genotype and no participants had the CC genotype. The median serum IL-6 level of the
homozygous GG group was 6.51mg/L, higher than the 4.13mg/L serum IL-6 of the
heterozygous GC group. The difference in IL-6 should be considered with caution as only one
participant had the C allele. A highly significant (p=0.001) correlation was found between HS-
CRP and IL-6, as well as between IL-6 and TNF-a (p = 0.048). The elderly black Sharpeville
community is in an increased inflammatory state which puts them at risk of CVD. The
prevalence of the C allele in the C174G polymorphism is low in this population. Further
research could be conducted as intervention studies to decrease the inflammatory state of the

population and influence health policy changes to improve prevention of CVD.

Keywords: Inflammation, HS-CRP. IL-6, TNF-a, C174G, cardiovascular disease and elderly
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CHAPTER 1
PROBLEM AND SETTINGS

1.1 Introduction

Cardiovascular disease (CVD) may occur as a result of the normal physiology of aging and
specific diseases or risk factors that cause damage to the cardiovascular system (Heron 2016;
Benjamin et al. 2017; Tesauro et al. 2017). Normal aging may bring about a state of chronic
low-grade inflammation, which may cause atherosclerosis, and ultimately result in
cardiovascular disease (Franceschi et al. 2000a; Douglas & Channon 2014; Frank & Caceres
2015). Inflammatory biomarkers are measured to evaluate the inflammatory status of an
individual. These inflammatory biomarkers are involved in or produced as a result of

inflammation (Calder et al. 2013).

This study examined the inflammatory biomarkers, tumour necrosis factor-alpha (TNF-a),
interleukin-6 (IL-6) and high sensitivity C-reactive protein (HS-CRP), which have been shown
to have an association with an increased risk for CVD (Biasillo et al. 2010; Hartupee & Mann
2013; Ofstad et al. 2013; Yu et al. 2016). The inflammatory response is influenced by ethnic
differences, genetic variation, body fat and its distribution, socio-economic status and lifestyle
factors. Therefore it is important to assess the contributing factors to establish the
cardiovascular risk (CVR) profiles in different populations (Evans & Goedecke 2011; Yusuf et
al. 2014; Fiatal & Adany 2017).

The biologically important single nucleotide polymorphism in the promoter region of the IL-6
gene, located on the short arm of chromosome 7 (7p15.3), rs1800795 C174G (Curti et al.
2011; Ataie-Kachoie et al. 2014), was also be investigated. The substitution from guanine (G)
to cytosine (C) at the position 174 of the IL-6 gene, has a negative regulatory effect on gene
expression (Fishman et al. 1998; Popko et al. 2008). However, previous studies have found
varying results of IL-6 serum levels associated with the G174C polymorphism in different
populations (Popko et al. 2010a; Giannitrapani et al. 2013; Spoto et al. 2015; Soysal et al.

2016). Limited data is available on this phenomenon in South Africa.
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1.2 Geriatric Profile

The World Health Organization (WHO) stated that determinants for the definition for old age
globally include: a person’s chronological age, the age at which one receives pension benefits
and one’s loss of ability to perform physical activities (World Health Organization 2015). Based
on these determinants, various definitions have been developed for the elderly. The United
Nations (UN) generally refer to people of 60 years and older as elderly which is adapted in
this study (United Nations 2011, 2015a).

1.2.1 Global geriatric profile

The elderly population has grown substantially from 378 million people in 1980 to 759 million
in 2010. It was reported that there were 901 million elderly people in 2015. Of the total world’s
elderly population more than half reside in Asia, totalling about 508 million (56.4%). Europe
followed Asia, accounting for 176.5 million (19.6%) elderlies; thereafter North America with
74.6 million (8.3%) elderlies, Latin America and the Caribbean followed with 70.9 million
(7.9%) elderly people. Africa accounted for 64.4 million (7.2%) and Oceania for 6.5 million
(0.7%) of the global elderly population. The global elderly population consisted of 54% women
and 46% men in 2015 (United Nations 2015a). The elderly population is expected to increase
from 901 million in 2015 to 2.1 billion by 2050, of which 80% will live in low-income or middle-
income countries. The elderly population is growing at a higher rate in developing countries,
compared to developed countries (United Nations 2015a). This can be attributed to reduced
fertility, increased longevity and a transition of the leading causes of death from communicable

to non-communicable diseases (Prince et al. 2015; United Nations 2015a).

1.2.2 South African geriatric profile

In 1996, 7.1% of the South African population constituted of elderly persons and that increased
to 8.0% in 2015. Statistics South Africa (Stats SA) also reported that the proportion of black
South Africans elderly is 6.1%, which is far less than the 20.1% elderly in the white population.
There was also a 5.6% increase in the prevalence of elderly headed households from 14,6%
in 1996 to 20.2% in 2011 (Statistics South Africa 2014, 2015). Multi-generational households
are common in South Africa, often with an elderly caring for orphaned grandchildren. In some
households three generations rely on the pension income of an elderly due to lack of resources
(Oldewage-Theron et al. 2008; van der Pas et al. 2015).
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1.2.3 Geriatric profile in Sharpeville

The elderly in Sharpeville attending the Centre of the Aged have been studied since 2004.
This study population lives in poverty and experiences malnutrition. Though the majority of the
elderly live in brick houses with access to safe water, electricity, sanitary services and waste
removal services, the majority live with families averaging households of 4.9 members. They
depend on a state pension, and have a household income of R501-R1000 per month of which
less than R200 per week is spent for the household's food expenses (Grobler 2015). It was
found that 29.8% of the sample population were overweight and 47.1% were obese. This
sample population was reported to have increased CVR and 75% had low grade inflammation

as indicated by increased levels of HS-CRP (Oldewage-Theron et al. 2015).

1.2.4 Health related problems in the elderly

Changes in physical appearance such as grey hair and wrinkles are visible manifestations of
aging. However, the most significant changes are unseen and are within the human body.
Aging can be defined as a time-dependant decline in function which affects most organisms;
this progressive deterioration is the primary risk factor for human pathologies. Cellular and
molecular alterations involved in aging include: impaired intracellular communication, stem
cell exhaustion, mitochondrial dysfunction, loss of proteostasis, epigenetic alterations,
telomere deterioration, genomic instability and deregulated nutrient sensing (Lopez-Otin et al.
2013).

These alterations result in various pathologies, associated with normal aging. It is common for
elderly to experience nutrition-related health problems. Anaemia can be caused by vitamin
B12, folate or iron deficiency. Deficiency of vitamin C, vitamin E, flavonoids, unsaturated fatty
acids, vitamin B12 and folate can result in impaired cognitive function. Immune senescence
or malnutrition may contribute to impaired immune dysfunction, placing the elderly at risk of
infection. Osteoporosis may be caused by genetic or environmental factors including a lack of
physical activity, calcium and vitamin D deficiency, medication or disease. Over-nutrition can
lead to obesity, hypertension and chronic disease of lifestyle, which in turn can result in CVD
(Navaratnarajah & Jackson 2013; Hsu et al. 2014; Grobler 2015; Prince et al. 2015).

Vascular endothelial dysfunction is a result of the aging process, causing vasospasms,
thrombosis, macrophage infiltration and inflammation, and ultimately atherosclerosis. The

presence of endothelial dysfunction in elderly is also associated with coronary artery disease,
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erectile dysfunction, renal dysfunction and retinopathy (Berk et al. 2013; Prince et al. 2015;
Badimon et al. 2016; Tesauro et al. 2017)

Hormonal homeostasis is affected resulting in the loss of the circadian rhythm (Jones &
Boelaert 2015). Poor sleep or sleep deprivation have been linked to elevations of inflammatory
markers (Motivala 2011). Visual impairment and cataracts, hearing impairment, urinary
complaints and dementia are also health problems commonly seen in elderly people (Thakur
et al. 2013; Prince et al. 2015).

1.3 Prevalence of Cardiovascular Disease

Non-communicable diseases (NCD) contribute to 70% of deaths worldwide and CVD is the
leading cause of death in the global elderly population (World Health Organization 2016b).
Epidemiological transition, demographic transition, urbanization and globalisation contributes
to an expected rise in the incidence of CVD in South Africa (Maredza et al. 2011; Chatter;ji et
al. 2015).

1.3.1 Global prevalence of cardiovascular disease

Cardiovascular disease is a growing global epidemic which resulted in 17 689 000 (31.3%) of
deaths in 2015 worldwide. Ischaemic heart disease represents the leading cause of death
globally and accounted for 15.5% of all deaths. Stroke accounted for 11.1% deaths,
hypertensive heart disease led to 1.7% of deaths and 0.5% of deaths were a result of
rheumatic heart disease (World Health Organization 2016b). In the Global health estimates
study of 2015, WHO also reported that the WHO European Region and WHO Western Pacific
region had the highest incidence of deaths attributed to CVD, 45.6% and 39.4%, respectively.
The WHO Eastern Mediterranean Region attributed 32.2% of deaths to CVD. The WHO
Region of Americas followed with a total of 28.1% of deaths as a result of CVD. In the South-
East Asia Region CVD contributed to 27.7% of deaths. CVD accounted for 12.7% of deaths

in African.

The risk for CVD is lower in developing countries and is the highest in developed countries.
Developed countries have a greater burden of risk factors, such as smoking, and consequently
a higher prevalence of CVD. The same is true for rural and urban communities within the same
country, where the latter have a higher risk for CVD. Though developed countries and urban
populations have a higher CVR burden, treatment and preventative medication is more

accessible, reducing the incidence of fatalities. Developing countries and rural areas often lack
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health care due to low budgets in which case CVD often results in major cardiovascular events
and fatalities (Celermajer et al. 2012; Yusuf et al. 2014). The increase in the incidence and
prevalence of CVD in the developing world is attributed to demographic change,
industrialization and urbanization (Gersh et al. 2010; Maredza et al. 2011; Owolabi et al. 2014).

1.3.2 Africa

The leading cause of death in the African region in 2015 was found to be infectious and
parasitic diseases which caused 31.2% of deaths. A total of 33.5% of deaths were attributed
to NCD of which CVD was responsible for 12.7% of deaths. The rising epidemic of CVD cannot
be ignored with urbanization and lifestyle changes associated with economic growth as drivers
of the disease. While ischaemic heart disease represents the leading cause of death in high
income countries, stroke is the leading CVD causing death in the African region, totalling 4.9%
of deaths (World Health Organization 2016b). This reiterates the importance of
epidemiological transition, demographic transition and unique genomic patterns in risk
determination and disease (Owolabi et al. 2014). Stroke was followed by ischaemic heart
disease which caused 4.8% of deaths in Africa and other circulatory diseases caused 1.3% of
deaths. Hypertensive heart disease resulted in 1.1% of deaths, cardiomyopathy, endocarditis
and myocarditis in 0.5% of deaths, and 0.3% of deaths were attributed to rheumatic heart
disease (World Health Organization 2016b).

1.3.3 South Africa

South Africa is in a phase of demographic transition, urbanisation and globalisation, resulting
in a higher burden of CVR factors in the population (Owolabi et al. 2014). Variations in genetic
and ethnic factors cause some populations to be more susceptible to NCD than others (Evans
& Goedecke 2011). Infectious and parasitic infections were the leading cause of death in the
South African population in 2015 causing 34% of deaths, of which 26% is attributed to Human
Immunodeficiency Virus (HIV) or Acquired Immune Deficiency Syndrome (AIDS). CVD was
responsible for 18% of deaths in South Africa and represents the leading cause of death in
the elderly population of South Africa which amounted to 34% of deaths. Further breakdown
of CVDs showed that ischaemic heart disease caused 14.2% and stroke 12.3% of deaths. It
was followed with 3.8% of deaths attributed to hypertensive heart disease, 1.9% to other
circulatory diseases, 1.5% to cardiomyopathy, endocarditis and myocarditis, and 0.4% of

deaths resulted from rheumatic heart disease (World Health Organization 2016b).
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1.3.4 Sharpeville

The elderly population of Sharpeville have an increased risk for CVD. Previous studies found
that the majority of females and almost 40% of males were overweight or obese (Oldewage-
Theron et al. 2015). In another study the population showed that hypertension, obesity and
increased total serum cholesterol as CVR factors (Oldewage-Theron et al. 2008). Grobler
(2015) confirmed the prevalence of hyperhomocysteinaemia, hyperfibrinogenaemia,
hypertension, obesity, hyperinflammatory state, dyslipidaemia and metabolic syndrome in this

population all of which are CVD risk factors.

1.4 Background to the Study

This study was carried out in conjunction with the Centre of Sustainable Livelihoods (CSL) at
the Vaal University of Technology (VUT). It forms part of the multi-disciplinary Sharpeville
Integrated Nutrition Programme which is managed by Prof. W.H. Oldewage-Theron. This
programme is offered to volunteers attending a day care centre in Sharpeville, Gauteng, South
Africa, and was established in 2004. The day care centre provides the elderly of Sharpeville
with food, skills training and offer recreational activities. Cardiovascular risk of the elderly in
Sharpeville is assessed as part of this programme, under the leadership of Dr. C.J. Grobler
This study was approved by the ethics committee of the University of the Witwatersrand,
Johannesburg (M070126) (annexure B), and VUT (20140827-1ms) (annexure C).

Sharpeville is situated approximately 70 kilometres south of Johannesburg in the Vaal triangle
or Vaal region, a highly industrialised and polluted area (Oldewage-Theron et al. 2008). It was
determined that 46.1% of the Sharpeville population of 37599 live in poverty, with 4.2% of the
population being 60 years and older (Statistics South Africa 2011). This elderly community
has been reported to have a high risk for cardiovascular disease (Oldewage-Theron et al.
2008; Grobler 2015).

1.5 Significance of the Study

The study provided insight into the role of inflammatory biomarkers, specifically HS-CRP, TNF-
a and IL-6 and regulating genetic marker (C174G) in CVR in the elderly population of
Sharpeville. The study thus contributes to a better understanding, prediction, and early

detection of CVD in elderly black South Africans.

CHAPTER 1 Page 6



As a pro-inflammatory cytokine IL-6 contributes to inflammation, which is a cardiovascular risk.
A meta-analysis was conducted, based on whether the polymorphism C174G causes
increased levels of IL-6. It was reported that the polymorphism does not have the same
outcome in different populations, and suggested that this polymorphism in relation to IL-6
levels be further investigated in various populations of different descent (Kumar et al. 2015).
A literature review performed to determine the role of the C174G polymorphism on chronic
liver disease and hepatocellular carcinoma found that this polymorphism resulted in increased
levels of circulating IL-6 (Giannitrapani et al. 2013). A review reported that studies performed
in Swedish, Canadian and American populations found an association with the prevalence of
the C allele and obesity. Visceral fat tissue secretes about two to three times more IL-6 than
subcutaneous tissue, linking it to increased levels of circulation IL-6. Other studies found that
the G allele was linked to increased IL-6 levels (Curti et al. 2011). Another study conducted
on females aged 15-35 found a correlation between the C allele and increased circulating IL-
6 levels (Soysal et al. 2016). It was reported that the CC allele had significantly lower
circulating levels of IL-6 than the GC genotypes in normal patients. The same study also found
that there was no significant difference in the circulating levels of IL-6 in obese people based
on their genotype, though the obese group had increased levels on IL-6 in the same population
(Popko et al. 2010a). It is therefore suggested that the C174G polymorphism that has been
linked to increased CVR, requires further studies to determine its effect in various populations
(Curti et al. 2011).

Current data suggests that the C174G polymorphism has varying effects on the circulating
levels of IL-6 in different populations. Studying the prevalence of the C174G polymorphism in
different populations will bring insight to its role in CVD (Meenagh et al. 2002; Phulukdaree et
al. 2013; Joffe et al. 2014). This created the need for this study, as there was limited
information thereof in South Africa up to date, and even more so in elderly black South

Africans.

1.6 Aims and Objectives

1.6.1 Aim

The aim of this study was to evaluate the prevalence of the C174G polymorphism, in

correlation with the inflammatory biomarkers, HS-CRP, TNF-a and IL-6 as CVR markers.
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1.6.2 Objectives

The objectives of this study were:

1) To measure the serum levels of HS-CRP.
2) To evaluate the serum levels of TNF-a.
3) To evaluate the serum concentration of IL-6.

4) To determine the prevalence of the C174G polymorphism.
5) To correlate the C174G polymorphism prevalence and serum IL-6 levels.
6) To correlate the serum HS-CRP with IL-6 and TNF-a levels.

1.7 Relevance of the Study

The health status of the elderly change over time and is influenced by several factors. There
is a drastic increase in prevalence of CVD disease in developing countries resulting from an
increase in the CVR factor burden created by urbanization and demographic change in these
elderly populations (Celermajer et al. 2012; Owolabi et al. 2014). Other than the normal
physiology of aging, these CVR factors, such as smoking, unhealthy diet and inactivity, cause
inflammation (Franceschi et al. 2000a; Yu et al. 2016). Inflammation causes endothelial
damage which contributes to the progression of atherosclerosis and ultimately results in CVD
(Bell et al. 2012; Taleb 2016).

The health profiles of elderly living in high-income countries have been studied significantly
more than that of low-income and middle-income countries. Very little data is available about
the health profiles of elderly in developing countries leaving an urgent need for research in
this population and its influence by urbanization and demographic change (Chatterji et al.
2015). Unfortunately, the treatment and prevention of NCD is less studied than the devastating
burden of communicable diseases in South Africa (Maredza et al. 2011). Each population has
unique genetic and ethnic factors, resulting in varying susceptibility to disease (Gersh et al.
2010). Consequently, population based CVR profiling is invaluable to indicate disease trends
and enable the most effective allocation of limited resources for disease prevention and
treatment (Mensah 2013; van der Ende et al. 2017)
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1.8 Outline of Dissertation

Chapter 1 outlines the background of the study and gives a description of the problem. The
significance of the study is introduced, together with the objectives and limitations thereof.

To provide better understanding of the study and all its components, a comprehensive

literature review is covered in Chapter 2.

Chapter 3 is a theoretical analysis of the body of principles and procedures applied in this

study to collect data.

Results obtained in this study are set out in Chapter 4, followed by a discussion thereof.

A conclusion is drawn in Chapter 5 of the outcome of the study and the set objectives.
Recommendations are made based on the findings to further improve knowledge and

understanding of the subject.

A Reference list according to the VUT modified Harvard method stipulates all sources utilized
during this study.
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CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

Cardiovascular diseases (CVDs) refers to a group of diseases affecting the heart and vascular
system and are the leading cause of deaths worldwide (World Health Organization 2011,
2016b). Multiple biological pathways have been implicated in the pathogenesis of CVDs.
Atherosclerosis is the underlying cause of the majority of CVDs. It results in plague formation
in the coronary arteries and decreased blood supply to the heart. The plaque can also rupture
causing myocardial infarction or stroke (Sakakura et al. 2013; Newby 2016).

Inflammation is a fundamental factor in the development of atherosclerosis, more particularly
the failure of inflammatory resolution (Ross 1999; Viola & Soehnlein 2015). Elderly people are
in a chronic state of inflammation as a result of normal aging, placing them at risk of developing
atherosclerosis (Badimon et al. 2016). Other CVR factors may also contribute by damaging
the endothelial wall, triggering inflammation, resulting in atherosclerosis and ultimately
causing CVD (Grundy 2012; Liao & Solomon 2013). This chapter will discuss these concepts

in more detail.

2.2 Cardiovascular Disease

Various causes of CVD have been reported and investigated indicating that the underlying
cause of the majority of CVDs is atherosclerosis. The danger of plaque formation during
atherosclerosis does not only lie in the stenosis and narrowing of arteries but also in the
thrombogenic potential thereof (Otsuka et al. 2016). Atherosclerosis can lead to ischaemic
heart disease or coronary artery disease, cerebrovascular disease or stroke, diseases of the
aorta and diseases of the arteries or hypertension (Mudau et al. 2012). . The elderly population
is at a greater risk of developing CVD caused by atherosclerosis. Physiological changes of
the vascular endothelium due to aging creates a proatherogenic environment, which can be
exaggerated by the addition of other risk factors such as smoking, hyperlipidaemia and

hyperglycaemia (Tesauro et al. 2017).

Other causes of CVD include congenital heart disease, rheumatic heart disease and
cardiomyopathies. Congenital heart disease is a disease caused by a malformation of the

heart which is present at birth. Rheumatic fever from Streptococcal infection can damage heart
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muscle and valves, resulting in rheumatic heart disease. Other CVDs such as
cardiomyopathies, heart valve disease and cardiac arrhythmias do not often cause heart
attacks or stroke (World Health Organization 2011; Benjamin et al. 2017).

2.3 Atherosclerosis

Atherosclerosis is a chronic inflammatory disease of large and medium arteries. It is generally
understood as plague formation in response to stimuli with subsequent rupture, erosion or
calcification of the plaque surface. Cardiovascular risk factors are atherogenic stimuli,
triggering the inflammatory response through endothelial injury and ultimately leading to
plague formation and atherosclerosis as seen in Figure 1 (Ross 1999; Park & Park 2015).
Irrespective of other CVR factors such as smoking, hyperlipidaemia and diabetes, elderly
persons are at risk of developing atherosclerosis due to the physiological effects of aging.
Advanced age not only causes structural changes of the vascular system contributing to
endothelial dysfunction , but also results in chronic low-grade inflammation (Jackson &
Wenger 2011; Badimon et al. 2016).

Diabetes Leucocyte
adhesionand

inflammation

Lipid deposition

Vascular smooth : Atherosclerosis

muscle cell and CVD
proliferation

Vasoconstriction

Platelet
aggregation and
thrombosis

Smoking

: Af Endothelial
Hypertension Free radicals

disfunction
I Oxidative b Increased ROS
Dyslipidaemia S Reduced NO
bioavailability

Obesity
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Figure 1: Linking CVR factors to atherosclerosis. Adapted from Park and Park (2015)

Atherosclerosis is characterized by endothelial dysfunction, vascular inflammation and
accumulation of modified lipids, inflammatory cells and cellular debris in the plaques within the
vascular wall (Viola & Soehnlein 2015). Plaque formation usually occurs at vascular curvatures
and bifurcations, where there are non-laminar flow and shear stress. At these sites of non-
laminar flow and shear stress, cells have reduced protective nitric oxide (NO) bio-availability
and increased superoxide production (Forstermann et al. 2017). In normal vasculature,

endothelial cells (ECs) produce endothelial NO synthase (eNOS), which act on L-arginine to
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produce NO (Hirase & Node 2012). Aging results in a decline in the endothelium-derived NO,
resulting in enhanced reactivity to vasoconstrictors (Badimon et al. 2016).

Endothelial dysfunction occurs as a result of damage to the endothelial layer. Injury may occur
due to non-laminar flow shear stress and/or chemical or metabolic stress from CVR factors
such as diabetes mellitus, hypertension, high serum cholesterol and the effects of cigarette
smoking, among others. Dysfunctional ECs acquire a pro-inflammatory phenotype, which is
the major pathophysiological link between exposure to CVR factors and the development of
atherosclerosis. Nuclear factor kappa B (NFkB) in dysfunctional ECs activates gene
transcription for pro-inflammatory cytokines (Tesauro et al. 2017). The increased production
of reactive oxygen species (ROS) during endothelial dysfunction, especially superoxide,
reacts with NO. Normal ECs produce NO for signalling vasodilation, prohibition of vascular
smooth muscle cells (VSMCSs) proliferation, inhibition of platelet activation and aggregation,
and inhibition of inflammatory cell adhesion and migration. Reduced bio-availability of NO in
endothelial dysfunction thus results in vasoconstriction, inflammation, coagulation and

increased production of superoxide (Hirase & Node 2012; Douglas & Channon 2014).

In the elderly, the non-enzymatic effects of advanced glycation end-products results in more
permanent cross-linkages between collagen fibres. Collagen thus becomes more resistant to
breakdown and consequently there is a decreased rate of cell turnover. The increased
collagen in the arterial walls make them more rigid. Together with reduced production of NO,
it causes the elderly to have impaired endothelial dependant vasodilation (Jackson & Wenger
2011; Tesauro et al. 2017). Reduced production of NO in elderly is due to a decrease in the
activity of eNOS in aged ECs resultant from decreased regulatory proteins, and an increased

expression of arginase Il which degrades L-arginine (Tesauro et al. 2017).

Smoking, hypertension, diabetes, obesity and hypercholesterolaemia cause free-radicals, and
consequently oxidative stress as indicated in Figure 1 (Wang et al. 2012). During oxidative
stress, elevated ROS, particularly superoxide, scavenges available NO, forming peroxynitrite
which is cytotoxic and subsequently damages deoxyribonucleic acid (DNA), proteins and lipids
(Tesauro et al. 2017). Peroxynitrite and other oxidants, such as hydrogen peroxide have been
found to uncouple eNOS, responsible for the synthesis of NO, contributing to reduced
availability of NO. Increased oxidant production results in increased VSMC proliferation which
thickens the vascular wall, endothelial apoptosis and increased expression of matrix-
degrading proteinases, matrix metalloproteinases. Oxidative stress also aggravates
endothelial dysfunction by magnifying vascular inflammation, and conversely inflammatory

cells release superoxide (Mudau et al. 2012; Heusch et al. 2014).
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Proteoglycans are among the extracellular matrix molecules produced by the VSMCs. The
exposure of proteoglycans by ECs enable the retention of low-density lipoproteins (LDL),
cholesterols and phospholipids in the vascular intima. These lipids are oxidized by ROS and
enzymes released from inflammatory cells such as myeloperoxidase, lipoxygenase and nitric
oxide synthases (Wang et al. 2012; Heusch et al. 2014). After initiating of the fatty streak
formation tissues produce cytokines in response to oxidized LDL which attract circulating
monocytes to the site of endothelial dysfunction. Oxidized LDL causes epithelial damage and
necrosis due to its cytotoxic nature and can also induces monocyte adhesion to epithelial cells
(Viola & Soehnlein 2015).

The production of cell adhesion molecule (CAM) is amplified as a result of tissue damaged
caused by oxidized LDL, increasing the adhesion of leukocytes and platelets to the endothelial
surface. Monocyte chemoattractant protein-1 (MCP-1) is responsible for firm initial endothelial
attachment via activation of leukocyte integrin, and together with vascular adhesion molecule-
1 (VCAM-1) monocytes migrate into tissues. Monocytes then differentiate into macrophages
as a result of the action by macrophage colony-stimulating factor (MCSF) (Wang et al. 2012).
These macrophages produce pro-inflammatory cytokines and express scavenger receptors
and take up the oxidized LDL via endocytosis for degradation by lysosomes. Oxidized LDL
builds up in the macrophages as a result of impaired degradation due to its oxidized nature.
As a result, macrophages become foam cells that further exacerbate the inflammatory
response. Interferon-y (IFN-y) promotes the formation of foam cells and development of
plague (Wang et al. 2012; Krychtiuk et al. 2013).

Although monocytes and macrophages are the major cellular role players in atherosclerosis,
lymphocytes also contribute. Cytokines and adhesion molecules expressed during vascular
inflammatory reactions recruit T cells to atherosclerotic lesions. T-helper 1 (Th1) cells in turn
secrete inflammatory pro-atherogenic cytokines, IFN-y, TNF-a, interleukin-1 (IL-1) and
interleukin-18 (IL-18) (Douglas & Channon 2014; Taleb 2016). The cytokines, TNF-a and IL-
1, in turn stimulate the production of adhesion molecules; VCAM-1 and intracellular adhesion
molecule-1 (ICAM-1), MCP-1 and IL-6. The action of IL-18 stimulates VSMCs to proliferate.
IL-6 promotes hepatic production of C-reactive protein (CRP). Macrophage apoptosis is
induced by TNF-a and IFN-y secreted by activated T cells, forming cellular debris aggregates
of the necrotic core (Mudau et al. 2012; Wang et al. 2012). In atherosclerosis, the clearance
of apoptotic cells is defective, a process called efferocytosis, thus aggravating the necrotic
core formation and inflammation (Viola & Soehnlein 2015). Atherosclerotic lesions have small

quantities of T helper 2 (Th2) cells which secrete interleukin-4 (IL-4) and interleukin-10 (IL-10)
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and antagonize Th1l, and scanty regulatory T (Treg) cells which secrete anti-inflammatory IL-
10 and transforming growth factor- (Hovland et al. 2015; Taleb 2016).

Some atherosclerotic plaques accumulate in VSMCs in response to cytokines and growth
factors. The VSMCs migrate from the media layer, proliferate and synthesize the extracellular
matrix proteins, collagen and elastin. A strong fibrous cap is formed, isolating the
thrombogenic necrotic core from circulation and providing stability (Douglas & Channon 2014).
The migration of VSMCs to the arterial intima with formation of fibrous lesions result in arterial
stenosis and impaired blood flow. The arterial loss of elasticity together with the intimal

thickening which results, ultimately results in hypertension (Heusch et al. 2014).

When a plaque ruptures the exposed collagen and tissue factor (TF) activates platelets and
the coagulation cascade, as with vessel injury. The resultant thrombus formation in the
vascular system is termed atherothrombosis (Krychtiuk et al. 2013; Otsuka et al. 2016).
Platelets bind to the subendothelial matrix proteins, glycoprotein (GP) la/lla at sites with low
shear stress. At vascular sites with high shear stress, the vessel wall is coated with von
Willebrand factor (VWF) multimers. Collagen-bound VWF encourages platelets to adhere to
the surface via the GPIb-XI-V complex, and initiates platelet rolling. The decreased speed at
which platelets flow allows stronger adherence of VWF and activated GPlIb/llla as well as
GPVI and integrin a1/B2 with collagen. Activated platelets spread out on the vascular wall and
release granules. Adenosine diphosphate (ADP) and thromboxane A2 (TXA2) released from
platelets further enhance platelet activation and formation of a platelet plug (Badimon & Vilahur
2014; Mastenbroek et al. 2015; Olie et al. 2018). The activated platelets also express P-
selectin, recruiting monocytes and neutrophils into the expanding thrombus (Krychtiuk et al.
2013).

The exposed TF from foam cells and VSMCs initiate the proteolytic coagulation cascade.
During the coagulation cascade, the transmembrane receptor TF forms a complex with factor
VIl activated (FVlla). The TF-FVIla complex triggers the conversion of factor IX (FIX) to factor
IX activated (FIXa) and factor X (FX) conversion to factor X activated (FXa). Prothrombin is
converted to thrombin by the prothrombinase, which is a complex of FXa and co-factor FV
activated (FVa). The resultant thrombin cleaves fibrinogen to fibrin and activates the
transglutaminase factor XIII (FXIIl), enhancing fibrin cross-linking and stabilising the
haemostatic clot (Badimon & Vilahur 2014; Mastenbroek et al. 2015; Ten Cate et al. 2017;
Olie et al. 2018). The inflammatory process is usually self-limiting, resolving by means of anti-
inflammatory mediators. During resolution of inflammation, inflammatory cell recruitment is

terminated. Inflammatory cells are removed from the site by phagocytes and macrophages

CHAPTER 2 Page 14



are reprogrammed for anti-inflammatory processes through efferocytosis (Lim et al. 2017).
Lastly, tissue regenerative processes are triggered. This is not the case in atherosclerosis
since inflammation does not resolve due to hampered efferocytosis. Failed resolution of the
inflammatory process translates to apoptotic cells not being cleared, inflammatory cell
recruitment not being terminated, macrophages not being reprogrammed for anti-inflammatory
processes and no tissue regeneration taking place (Viola & Soehnlein 2015). As a result, the
plague continues growing, expanding the diameter of the vessel so that the lumen is not

affected or narrowing the vascular lumen (Wang et al. 2012).

The development of plaque during atherosclerosis may result in the narrowing of the arteries,
ultimately occluding the arteries and causing myocardial infarction or cerebrovascular disease
(Douglas & Channon 2014). Atherosclerotic plaque is classified using the Modified American
Heart Association classification of atherosclerosis based on morphological description as
indicated in Table 1 (Bhanvadia et al. 2013; Badimon & Vilahur 2014). Coronary thrombosis
arises from 3 different morphological entities: rupture, erosion and calcified nodules. Plaque
ruptures develop in a lesion with a necrotic core accounting for >30% of the plaque area which
is covered by a thin fibrous cap and contains numerous macrophages and T-lymphocytes.
Physical contact between the necrotic core and circulating blood results in the formation of a
platelet rich luminal thrombus. Plaque rupture most commonly cause sudden coronary death
from thrombi. Erosions are characterized by a luminal thrombus overlying a peptidoglycan-
rich matrix with mostly VSMCs and very few inflammatory cells. Calcified nodules are
characterized by calcified plates which penetrate the lumen and disrupt overlying collagen and
endothelium (Sakakura et al. 2013; Otsuka et al. 2016).
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Table 1: Modified American Heart Association classification of atherosclerosis based on

morphological description. Adapted from (Bhanvadia et al. 2013; Badimon & Vilahur 2014)

Intimal thickening

Pathological
intimal thickening

Erosion

Fibrous cap

atheroma

Erosion

Thin fibrous cap

atheroma

Plaque rupture

CHAPTER 2

Normal accumulation of Smooth muscle cells
(SMCs) in the intima in the absence of lipid or
macrophage foam cells

smooth muscle cells and

Layers of

extracellular matrix

necrotic core or fibrous cap.

Layers of SMCs in a proteoglycan-collagen

matrix with areas of extracellular lipid
accumulation without necrosis
Variable accumulation of macrophages

outside the lipid pool and presence of micro-
calcification

Luminal thrombosis; plague same as above

Well-formed acellular necrotic core containing
free cholesterol and covered by a thick fibrous
cap consisting of smooth muscle cells in a
proteoglycan-collagen matrix (type | and type
1))

Luminal thrombosis; plaque same as above;
no communication of thrombus with necrotic
core

A thin fibrous cap infiltrated by macrophages
and lymphocytes with rare SMCs and an
underlying necrotic core

Fibroatheroma with cap disruption; luminal
thrombus communicates with the underlying
necrotic core

Description Thrombosis

Non-atherosclerotic lesions

Absent

IptiEleEneliEy| Luminal accumulation of foam cells without a  Absent
or “fatty streak”

Progressive atherosclerotic lesions

Absent

Thrombus mostly
mural and
infrequently occlusive
Absent

Thrombus mostly
mural and
infrequently occlusive
Absent; may contain
intraplaque
haemorrhagef/fibrin
Thrombus usually

occlusive
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Calcified nodule Eruptive nodular calcification with underlying Thrombus usually
fibrocalcific plaque nonocclusive

Fibrocalcific Collagen-rich plague with significant stenosis Absent
plagque usually contains large areas of calcification

with few inflammatory cells; a necrotic core

may be present.

2.4 Cardiovascular Risk

Since CVD is the leading non-communicable disease, it is of paramount importance to
determine the risk profiles of various populations in order to design qualifying intervention
plans to decrease mortalities caused by this disease (World Health Organization 2016b).
Currently, different risk prediction formulae are used to determine a patient’s risk in the clinical
environment, such as the Framingham Risk Score (FRS), Reynolds Risk Score (RRS) and
the Systematic Coronary Risk Evaluation (SCORE). Each of these utilize different risk factors
as indicated in table 2 (Liao & Solomon 2013).

The FRS algorithm is most commonly used in the United States and has been modified for
used in population in other countries. The use of FRS should be validated and recalibrated in
the target population. Variables included in risk determination using the FRS are age, gender,
diabetes status, smoking status, total cholesterol, high density lipoprotein (HDL) cholesterol
and blood pressure measurements. These determinants are easily accessible in clinical
settings (Batsis & Lopez-Jimenez 2010; Cook & Ridker 2014). These risk prediction systems
could also be utilized to predict patients who have an increased risk for prolonged hospital

stay and death post-acute coronary syndrome (Loudon et al. 2016).

The European society of cardiology recommend using the SCORE algorithm, in which Europe
has been classified as a low risk country. The SCORE algorithm includes age, gender,
smoking status, systolic blood pressure, and serum total cholesterol (Jorstad et al. 2015).
Determination of CVR using the SCORE algorithm involves reading of a chart designed for
low-risk countries as seen in annexure D and high-risk countries as seen in annexure E
(Piepoli et al. 2016a) . However, using this chart only could result in elderly using unnecessary
medication since their age alone would place them at risk as seen in Figure 2. For this reason,
the SCORE system is being modified to incorporate HDL (Perk et al. 2012), emphasizing the

importance to integrate new CVR markers into risk assessment strategies.

CHAPTER 2 Page 17



[ WOMEN |

10 pr vk o
A OO

-
Dok CVD A

|  MEN

| Non-smoker | |

Smaker

| Age [ Norsmoker | |

Smoker |

180
160
140 13 3
120

ISy:tollc bload pressure |

1211517 19|22
10i12:13

14
16
1)

65

1619 22

13 1516

r{-

1

Cholesterol (mmol/L)

150 209 250 300
ML

The risk of this 40 year
old male smcker with
risk factors is the same
{3%) as that of 2 60 year
old man with ideal risk
factor levels—therefore
his risk age is 60 years.

Figure 2: SCORE chart illustrating the effect of age on risk classification (Piepoli et al. 2016b).

The Reynolds Risk Score was developed in 2007 (Ridker et al. 2007). As with FRS, this global

risk algorithm makes use of the variables age, gender, smoking status, total cholesterol, HDL

cholesterol, blood pressure and diabetes status. The RRS uses haemoglobin Aic (HbAc) for

diabetes evaluation, and additionally includes evaluation of HS-CRP and family history of

myocardial infarction (MI) (Paynter et al. 2014; Willeit et al. 2014).
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Table 2: Comparison of clinical variables used for FRS, RRS and SCORE
FRS RRS SCORE
7

>
@)
®

Gender V
Smoking status \
Total cholesterol V
HDL cholesterol

Diabetes status (HbA1)

2 22 2 =2 2 2

Blood pressure

R L

Treatment {e]§
hypertension
Family history of MI \

HS-CRP v

High/Low risk V

country

There are various risk modifiers not currently used in these common risk determination
algorithms. These include socio-economic status, body mass index (BMI) or central obesity
status, and computed tomography (CT) coronary calcium score (Piepoli et al. 2016b).

Various risk factors have been identified to cause CVD, as illustrated in Figure 3. These risk
factors are involved in the pathophysiology and development of CVD. Risk factors are
classified into modifiable and non-modifiable risk factors. Modifiable risk factors include
tobacco smoking, dyslipidaemia, hypertension, diabetes mellitus and obesity or lack of
exercise. Non-modifiable risk factors are advancing age, gender and genetics. Treatment and
prevention of CVD is currently obtained by targeting modifiable risk factors (Douglas &
Channon 2014).
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Figure 3: Cardiovascular risk factors. (Douglas & Channon 2014; Piepoli et al. 2016b)

2.4.1 Modifiable cardiovascular risk factors

2.4.1.1 Tobacco smoking

Though the global prevalence of smoking has decreased, the total number of smokers has
increased with the growing global population. Cigarette smoking and second-hand smoking
are responsible for 6.3 million deaths each year, of which one third is CVD related (Morris et
al. 2015). Smoking is not only harmful to the smoker but also to the non-smoker exposed to
second-hand smoke (Writing Group et al. 2016). Arterial walls are exposed to free radicals
from cigarette smoke, resulting in oxidative stress. Smoking also activates inflammatory cells,
which in turn release ROS (Park & Park 2015). Hypercoagulability, impaired fibrinolysis and
increased blood viscosity resulting from smoking can cause atherothrombosis (Vella & Petrie
2015).
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2.4.1.2 Dyslipidaemia

To determine an individual’s lipid status, a lipid profile is requested by the physician. Total
cholesterol, LDL cholesterol, HDL cholesterol and triglyceride serum values are measured in
a lipid profile. Circulating LDL cholesterol is deposited in arterial walls causing atherosclerosis.
Oxidized LDL cholesterol which is taken up by macrophages form foam cells. These foam
cells contribute to plague formation. HDL cholesterol removes LDL cholesterol from arterial
walls, protecting against CVD (Mudau et al. 2012; Douglas & Channon 2014). Increased LDL
cholesterol levels and decreased HDL cholesterol levels have been found to be associated
with CVD (Douglas & Channon 2014; Nordestgaard & Varbo 2014; Park & Park 2015). Though
low levels of HDL cholesterol have been associated with increased CVR, high levels of HDL

cholesterol have not proven to decrease CVR (Piepoli et al. 2016b).

2.4.1.3 Obesity and physical inactivity

Obesity is classified as individuals with a BMI of 230 kilogram per square meter (kg/m?), and
is strongly associated with other CVR factors such as hypertension, hyperglycaemia and
insulin resistance, systemic inflammation, prothrombotic state, albuminuria and dyslipidaemia
(World Health Organization 2011; Stepien et al. 2014). Excess calories are stored as fat,
resulting in adipocyte hypertrophy, greater triglyceride storage, macrophage infiltration and
apoptosis, and ultimately inflammation (Vella & Petrie 2015). Under normal conditions
adipocytes synthesize lipids and store and secrete anti-inflammatory molecules. Obesity
results in the hypertrophic adipocytes secreting pro-inflammatory molecules, ultimately
resulting in increased production of CRP. In visceral and epicardial obesity, adipocytes also
contain higher ROS than subcutaneous adipose tissue, causing oxidative stress (Agra et al.
2014). Adiponectin is an anti-inflammatory expressed by adipocytes under normal conditions,
and lower levels are found in obesity. It is a high molecular weight polymeric protein which

has been indicated to sensitize insulin (Vella & Petrie 2015).

A sedentary lifestyle increases the risk for cardiovascular disease and exercise decreases
cardiovascular risk. In order to gain the cardioprotective benefits from exercise, national and
international guidelines suggest 150 minutes of moderate intensity exercise per week or 75
minutes of high intensity exercise per week, or a combination of the two (Bouchard et al. 2015;
Despres 2016). Physical activity utilizes calories to prevent fat storage, improves endothelial
function and vasodilation which prevents hypertension, improves insulin sensitivity and

contributes to satisfactory glycaemic control (Park & Park 2015).
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2.4.1.4 Hypertension

Hypertension alters shear stress, causing dysfunction of ECs by increasing endothelial cell
permeability and endothelial cell activation resulting in increased inflammatory cell recruitment
(Douglas & Channon 2014). Increased production of endothelial derived vasoconstrictors,
ROS and decreased NO have been associated with hypertension, which may result in
atherosclerosis (Mudau et al. 2012; Park & Park 2015).

Normal blood pressure (BP) range is a systolic pressure of 120-129 millimetre of mercury
(mmHg) and diastolic pressure of 80-84. High normal BP range is 130-139mmHg systolic and
85-90mmHg. A BP of 140mmHg systolic and above and/or 90mmHg diastolic and above is
classified as hypertension (Perk et al. 2012). An untreated systolic BP of 140mmHg and above
or diastolic BP of 90mmHg and above, as well as individuals using therapy for hypertension
have a 2-3 fold increased rick for CVD (Landsberg et al. 2013).

2.4.1.5 Diabetes mellitus

Diabetes is defined by the WHO as “a serious, chronic disease that occurs either when the
pancreas does not produce enough insulin (a hormone that regulates blood glucose), or when
the body cannot effectively use the insulin it produces”. The resultant hyperglycaemia causes
damage to the cardiovascular system, nervous system, kidneys and eyes (World Health
Organization 2016a). An individual with diabetes is at greater risk for CVD, the CVR increases
as glucose levels increase. Diabetic individuals experience increased oxidative stress and
eNOS uncoupling due to hyperglycaemia. This results in decreased NO production and
increased synthesis of vasoconstrictive substances, ultimately causing ED. Increased
superoxide anions produced also promote VSMC proliferation and amplifies the inflammatory
response. These macrovascular complications cause are the major causes of mortality in
diabetic patients (Mudau et al. 2012; Maschirow et al. 2015).

Non-enzymatic glycation of proteins and lipids takes place during hyperglycaemia with the
production of advanced glycation end-products (AGEs). These AGEs that accumulate in the
arterial wall cause damage to the endothelium and basement membrane structure and cause
a decrease in NO activity which results in ED. Intensification of the inflammatory response,
increased vascular permeability and oxidative stress occur as a result of AGEs binding to

specific surface receptors of monocytes, macrophages and VSMCs (Park & Park 2015).
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2.4.1.6 Alcohol abuse

The complex effects of alcohol can result in both increased and decreased risk of CVD,
depending on the dosage and frequency of consumption. Within hours of consumption,
moderate and high alcohol intake is associated with increased heart rate, electromechanical
delay and impaired fibrinolysis. The increased risk is continued even after 24 hours with high
average alcohol intake. Moderate alcohol intake results in increased risk within 24 hours after
consumption and decreased risk thereafter due to improvement in blood pressure and
coagulation (Mostofsky et al. 2016). Moderate average alcohol consumption has a protective
effect, demonstrated by decrease in fibrinogen, and increase in adiponectin and HDL
cholesterol (Brien et al. 2011). The polyphenols in wine and beer have antioxidant, anti-
inflammatory, hypotensive activities and prevent platelet aggregation (Chiva-Blanch et al.
2013).

Drinking patterns and not only the average consumption is vital in determining CVR. Even with
moderate average alcohol consumption, occasional heavy drinking can eliminate the
beneficial effects of moderate drinking and increase CVR. In conclusion, higher levels of
average alcohol consumption and binge drinking are linked to an increased risk for developing
CVD (Roerecke & Rehm 2014).

2.4.1.7 Unhealthy diet

Nutrition plays an invaluable role in CVR. A poor diet, consisting of large amounts of saturated
fats, trans-fat and cholesterol, and low intake of fruits, vegetables and fish has been
associated with CVD. Excess calories in the body are converted to triglycerides and stored as
fat throughout the body which may result in increased BMI, obesity and ultimately increased
CVR (World Health Organization 2011). A healthy diet is one which incorporates all food
groups in appropriate amounts. It is suggested that a healthy diet is high in vegetables, fruit,
whole grains, low-fat or non-fat dairy, seafood, legumes and nuts. A moderate amount of
alcohol, red meat and processed meat may form part of a balanced healthy diet. Sugar,
sweetened foods and refined grains should be consumed in low amounts (Yu et al. 2016;

Benjamin et al. 2017).

Vitamin D deficiency has been demonstrated to be associated with increased CVR. Vitamin D
receptors have been found in all cells involved in atherosclerosis. The role of vitamin D in
preventing atherosclerosis includes stimulation of NO production and eNOS activation
(Norman & Powell 2014; Park & Park 2015). Deficiencies of folate, vitamin B6 or vitamin B12

CHAPTER 2 Page 23



may result in hyperhomocysteinaemia, which is an independent CVR factor (Ganguly & Alam
2015). The consumption of antioxidants plays a beneficial role in the prevention of endothelial
damage from ROS. There are numerous antioxidants, each with a unique structure and
function. This creates a need for further studies into anti-oxidants as a preventative measure

or its use for treatment (Mangge et al. 2014, Siti et al. 2015).

2.4.1.8 Social and environmental factors

Low socio-economic status including poverty, low educational level, environmental
degradation and poor housing, have been associated with CVR (Piepoli et al. 2016b). Rapid
unplanned urbanization results in limited healthy food choices, limited environment for
physical activity and high rates of exposure to air pollutants, including tobacco smoke. This
has a negative impact on general health, including increased risk for CVD (World Health
Organization 2011; Dutta & Ray 2012). Exposure to air pollution triggers an inflammatory
response in the vasculature system contributing to atherosclerosis (Hajat et al. 2015).
Psychological factors such as isolation from other people, personal stress, clinical depression
and anxiety have all been linked to risk for CVD (Piepoli et al. 2016b).

2.4.1.9 Inflammation

Inflammation is the common underlying mechanism of endothelial dysfunction and
atherosclerosis (Ross et al. 1977; Ross 1999; Douglas & Channon 2014). Though it may occur
alone, it is usually a result of another modifiable or non-modifiable risk factor. A normal
endothelium produces NO to control vascular inflammation; however, a dysfunction
endothelium produces ROS which exaggerates vascular inflammation. Oxidative stress
resulting from various other risk factors could amplify vascular inflammation signalling
pathways resulting in further superoxide production by inflammatory cells (Mudau et al. 2012).
Unlike acute inflammatory events which are self-limiting and resolve once the cause of
inflammation is removed, atherosclerosis does not progress to the resolution phase (Viola &
Soehnlein 2015).
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2.4.1.10 Haemostasis

Several studies have shown an association between abnormal haemostasis and CVR through
investigations of biomarkers of coagulation and inflammation. Fibrinogen is a clotting factor as
well as inflammatory marker demonstrated to be an independent CVR marker. Controversial
results have been reported regarding the association of factor VII with CVR. Increased
circulating levels of von Willebrand: factor VIII complex have been linked to CVR (Lowe &
Rumley 2014).

Atherosclerotic plague may rupture as a result of inflammatory activation of macrophages,
increased apoptosis within the plaque and thinning of the cap. Upon plaque rupture, collagen
and tissue factor is exposed to the circulating blood which triggers platelet and coagulation
activation. This ultimately results in atherothrombosis, which could partially or completely

occlude the arteries (Krychtiuk et al. 2013).

2.4.1.11 Albuminuria and reduced glomerular filtration rate

There is a strong association between CVD and renal impairment with an estimated
glomerular filtration rate (eGFR) of less than 60 millilitre per minute per 1.73 square metre
(ml/min/1.73m?). Microalbuminuria is linked to an almost doubled risk for CVD in diabetic and
non-diabetic patients (Vella & Petrie 2015). Hypertension, dyslipidaemia and hyperglycaemia
are often observed in patients with kidney disease, resulting in albuminuria and reduced
eGFR. Pro-inflammatory substances and promotors of calcification are also a feature of kidney
disease, causing endothelial injury and adding to the risk of CVD (Piepoli et al. 2016b).

2.4.1.12 Hyperhomocysteinaemia

Homocysteine is an amino acid and intermediate product in the synthesis of amino acids
methionine and cysteine. Hyperhomocysteinaemia may arise from genetic abnormalities of
the enzymes involved in homocysteine metabolism or nutrition deficiencies of folate, vitamin
B6 or vitamin B12. Hyperhomocysteinaemia contributes to CVD through endothelial damage,
reduction in arterial flexibility, VSMC growth, increased LDL cholesterol oxidation and uptake
into vascular wall and increased platelet adhesion (De Farias Leal et al. 2013; Ganguly & Alam
2015). Increased levels of homocysteine have been reported to result in increased CVR (Perk
et al. 2012).
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2.4.2 Non-modifiable cardiovascular risk factors

2.4.2.1 Advancing age

An association between aging and CVD have been established. Aging may result in an
increased prevalence of CVR factors and there is usually a longer exposure to these factors.
There are also structural and functional changes of the cardiovascular system that occur
during the normal physiology of aging. These changes include decreased vascular wall
elasticity, changes in coagulation and haemostasis, ED, pro-inflammatory state and impaired

regeneration as demonstrated in Figure 4 (Badimon et al. 2016).

Altered coagulationand

. = Hypercoagulable
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cells and vascular smooth
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Figure 4: Effects of age-related vascular and cardiac changes. Adapted from Badimon et al.
(2016)

Decreased vascular wall elasticity is caused by phenotypic alterations of ECs and VSMCs,
collagen deposits and vascular wall thickening. This arterial wall stiffening results in arterial
hypertension (Badimon et al. 2016). Together with increased deposition of collagen, collagen
fibres have more permanent cross linkages resultant from AGE cross links which are more
resistant to routine breakdown. With advancing age, the upregulation of elastase results in

reduced elastin and ultimately impaired elasticity of arteries (Jackson & Wenger 2011).

Coagulation and haemostasis changes in elderly place them in a hypercoagulable state.

Several studies have demonstrated the elderly to have increased coagulation factors such as
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fibrinogen, factors VII, VIII, 1X, X and XIlI, von Willebrand factor, high molecular weight
kininogen and prekallikrein. Plasminogen activator inhibitor-1 (PAI-1) has been indicated to
play an imported role in fibrinolysis of the elderly (Badimon et al. 2016).

Aging is associated with endothelial dysfunction as a result of a decline in 3 major
endothelium-derived vasodilators, NO, prostacyclin and endothelium derived hyperpolarizing
factor, resulting in a decreased endothelium-dependant vasodilation and increased reactivity
to vasoconstrictors (Tesauro et al. 2017). An increase in endothelium-derived vasoconstrictors
such as cyclooxygenase-derived prostanoids and endothelin-1, also a powerful vascular
growth factor, has also been demonstrated to be associated with aging (Park & Park 2015;
Badimon et al. 2016). Increase in specific metalloproteinases and angiotensin associated with
aging also contributes to ED. Alterations of the renin-angiotensin-aldosterone system can
lead to sodium reabsorption, resulting in blood pressure fluctuations (Jackson & Wenger
2011).

The elderly population has been reported to be in a pro-inflammatory state, with increased
circulation levels of CRP and IL-6. This not only results in an exaggerated immune response,
but also affects fibrinolysis (Badimon et al. 2016). Increased expression of IL-1 and TNF-a is
also observed in the chronic low-grade inflammatory state of the elderly (Capuron et al. 2011).
The increased production of inflammatory cytokines with advancing age is termed inflamm-
aging (Franceschi et al. 2000a; Graja & Schulz 2015).

Age-related cardiovascular remodelling demonstrated unbalanced extracellular matrix
synthesis and degradation with an increase in collagen in elderly cardiac structures. Abnormal
left-ventricular diastolic function occurs as a result of excessive collagen deposition and cross
linking which thickens the ventricular wall (Gupta et al. 2015). Aging is also associated with
impaired calcium recycling and reduced calcium sensitivity of myofilament proteins, causing
reduced cardiomyocyte relaxation. Age-related mitochondrial dysfunction due to decreased
adenosine triphosphate (ATP) production hinders cardiac function. Damage to mitochondrial
DNA and redox-sensitive mitochondrial proteins in aging result in the excessive formation of
mitochondrial ROS, consequently causing further mitochondrial damage and ROS production
(Badimon et al. 2016). Age-related decline in eGFR results from reduced glomerular surface
area. As the glomerular basement membrane becomes increasingly permeable,

microalbuminuria and proteinuria is observed (Navaratnarajah & Jackson 2013)
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2.4.2.2 Gender, genetics and ethnicity

Studies have reported a higher prevalence of CVD in males compared to females (Perk et al.,
2012, Vella and Petrie, 2014). This is also true for pre-menopausal women as oestrogen has
a cardioprotective effect of lowering blood pressure. As in the case of gender, genetics plays
an undeniable role in CVD. Numerous CVR factors have been shown to demonstrate strong
evidence of hereditability (Perk et al. 2012). An individual with a close relative diagnosed with
CVD before the age of 60 has an almost a doubled risk of CVD (Vella & Petrie 2015).

Certain genetic polymorphisms lead to an individual being more susceptible to developing
CVD upon exposure to social, behavioural and metabolic risk factors. In a study reviewing the
literature on the application of single nucleotide polymorphisms (SNPs) in genetic
susceptibility to CVD, several SNPs were identified to correlate with risk factors. The majority
of studies investigating genetic variants associated with CVD in the past 10 years have been
conducted in populations of different ancestry and ethnicity (Fiatal & Adany 2017). Relating to
inflammation, C174G polymorphism has been associated with increased levels of serum IL-6
in various populations. Consequently, the inflammatory state increases the risk of CVD
(Giannitrapani et al. 2013; Nadeem et al. 2013; Ramirez Garcia 2017).

2.4.3 Biochemical cardiovascular risk markers

The effects of CVR factors and ultimately their ability to result in CVD are experienced
differently in populations which is a consequence of unique genetic and ethnic factors. With
CVD as the leading cause of nhon-communicable disease, the need for population based CVR
profiling is essential for effective risk determination, disease prevention and treatment (van
der Ende et al. 2017). CVR markers have been identified which allows measuring and
classification of the effects of the CVR factors. Evaluation of risk factors are done through
collection of data on demographic and behavioural factors, physical biometric measurements
and biochemical measurements (Mensah 2013). The identification of independent markers of
CVR in various populations are of paramount importance to simplify risk stratification in low-
income regions, with restricted resources for CVD detection and prevention (Celermajer et al.

2012). Various biomarkers are being investigated as CVR markers, as outlined in Table 3.
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Table 3: Biomarkers of interest in cardiovascular disease risk stratification

Biomarker Description

Inflammation

CRP (HS-CRP) Inflammatory acute phase protein, demonstrated as an independent
risk marker for CVD (Batsis & Lopez-Jimenez 2010; Emerging Risk
Factors Collaboration et al. 2012).
IL-6 Pro-inflammatory cytokine and major stimulator of hepatic acute
phase response and CRP synthesis, associated with increased CVR
(Fan et al. 2011; Bell et al. 2012).
TNF-a Pro-inflammatory cytokines, associated with increased risk for CVD
in some populations (Cui et al. 2012; Rodriguez-Hernandez et al.
2013).
IL-1 Increased circulating levels of pro-inflammatory cytokine IL-1 is
- associated with CVD (Tsimikas et al. 2014).
IL-10 IL-10 is an anti-inflammatory cytokine, promoting inflammatory
resolution and protects against endothelial dysfunction (Kinzenbaw et
al. 2013).

Dyslipidaemia

eI lol CS el B Increased total cholesterol (consisting of LDL cholesterol, HDL

DL
DL

cholesterol and triglycerides) indicates increased CVR (Liao &
Solomon 2013).

LDL cholesterol plays a crucial role in plaque formation, increased
LDL levels are associated in CVR (Liao & Solomon 2013; Peer et al.
2014).

Low HDL cholesterol levels have been indicated to increase CVR
(Liao & Solomon 2013; Peer et al. 2014).

Lipoprotein (a) Increased levels of lipoprotein (a) is associated with CVR (Batsis &
Lopez-Jimenez 2010; Willeit et al. 2014).

Aelelllelelel ol EITRERS Apolipoprotein A (Apo B) is the structural protein carrying very low-
density lipoprotein (VLDL), demonstrated as a measure of
atherogenic potential and CVR (Mangalmurti & Davidson 2011).
Aolel [Telelol el =T VAT Apolipoprotein A-I (Apo A-l) is a structural component of HDL, which
is atheroprotective (Mangalmurti & Davidson 2011).
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Table 3: continued

Metabolic syndrome

Glucose Increased glucose levels could indicate pre-diabetes, diabetes or
metabolic syndrome, which is associated with increased CVR
(Grundy 2012).

Insulin Insulin resistance and increased circulating levels of insulin have

been connected to the development of CVD (Yoon et al. 2014).

HbAlc Used to diagnose diabetes, increased levels indicate hyperglycaemia
and therefore it is associated with CVR (Grundy 2012).
Adiponectin Previous studies have demonstrated that adiponectin has anti-

atherogenic and anti-inflammatory properties which can prevent
atherosclerosis. Decreased levels of adiponectin is therefore linked to
increased CVR (Agra et al. 2014; Vella & Petrie 2015; Gonzalez et al.
2017).

Oxidative stress

VN Elerelsgerds EE{SE Cationic protein, mainly found in azurophilic granules of neutrophils,
(MPO) induces the formation of oxidants causing tissue damage. Through
LDL oxidization and NO reductions contributes to atherosclerosis.
Several studies associating increased MPO with CVR (Biasillo et al.
2010).

Coagulation

Fibrinogen Coagulation factor which increases in response to inflammatory
stimuli, elevated levels of fibrinogen is associated with CVR (Bell et
al. 2012).

Factor VIl Several studies have associated increased factor VII activity with
CVR, as itresults in a pro-thrombotic state (Azzam et al. 2017). Whilst
other studies have reported contradicting results (Lowe & Rumley
2014).

el s VIV An association has been demonstrated between increased circulating
WLEER IS EN e levels of Factor VIII: von Willebrand complex and an increased risk of
complex developing CVD (Lowe & Rumley 2014).

Increased levels of D-Dimer, a fibrin breakdown product and marker
of activated coagulation, have been associated with the development
of atherothrombosis (Lowe & Rumley 2014).

CHAPTER 2 Page 30




Table 3: continued

Renal function

Creatinine

Microalbuminuria

Other

Creatinine is measured to assess renal function and is increased in
renal damage or failure. Chronic kidney disease and renal failure are
associated with an increased CVR (Piepoli et al. 2016b).

Microalbuminuria indicates endothelial dysfunction and is therefore

associated with increased risk to develop CVD (Vella & Petrie 2015).

Homocysteine

Vitamin B12

ICAM-1

Controls inflammatory and immune responses (anti-inflammatory
effect), as well as calcium and phosphorus metabolism (Norman &
Powell 2014). Decreased levels of vitamin D have been associated
with increased CVR (Arnson et al. 2013).

Homocysteine is an intermediate amino acid, in the normal synthesis
of amino acids methionine and cysteine (Ganguly & Alam 2015). It
has been demonstrated as an independent CVR factor through
previous investigations (Batsis & Lopez-Jimenez 2010; De Farias
Leal et al. 2013).

Vitamin B12 is required as a coenzyme in the re-methylation process
of homocysteine, decreased levels of vitamin B12 will consequently
result in hyperhomocysteinaemia and increased CVR (De Farias Leal
et al. 2013).

The metabolism of homocysteine also involves folate as a coenzyme.
Decreased levels of folate is therefore associated with CVR (De
Farias Leal et al. 2013).

Increased levels of circulating endothelial cell adhesion molecule,
ICAM-1, is associated with endothelial activation and atherosclerosis,
therefore increased CVR (Lopez-Mejias et al. 2016).

The development of CVD and increased endothelial cell adhesion
molecule, VCAM-1, have been reported to be directly associated
(Lopez-Mejias et al. 2016).
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2.5 Inflammation

Inflammation is a component of innate, natural, native or non-specific immunity. Body barriers,
epithelial cell-derived chemicals and normal flora provide a first line of defence, protecting
against infection and tissue injury. The inflammatory response is the second line of response,
activated to respond to infection and tissue injury (Huether & McCance 2012). Inflammation is
a complex nonspecific response to tissue or cellular injury, characterized by increased blood
flow, capillary dilation, leukocyte infiltration and localized production of host chemical
mediators. This leads to the manifestation of the five typical signs of inflammation such as
heat, redness, swelling, pain and loss of function (Medzhitov 2010; Calder et al. 2013; Motwani
et al. 2017). The purpose of the inflammatory response is to minimize the effects of injury or
infection through diluting, destroying and removing damaged or necrotic tissue and

pathogens, generating new tissue and facilitating healing (Minihane et al. 2015; Porth 2015).

Inflammation can be classified as acute or chronic, with the main differentiating factors being
duration and intensity. Acute inflammation is the first reaction to defend the body against harm,
whether is it septic, such as infectious agents, or sterile, such as cell damage resultant from
irradiation. The rapid onset of acute inflammation is followed by short lived exudation of fluid
and plasma proteins and the immigration of leukocytes to the infected or injured site. The self-
limiting process of acute inflammation lasts minutes to days, resolving upon removal of the
causal agent (Calder et al. 2013; Porth 2015).
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Figure 5: Acute and chronic inflammation adapted from (Buckley et al. 2014)

Chronic inflammation is longer lasting, can be days to years, and is usually of lower intensity
than acute inflammation. Whereas acute inflammation facilitates tissue repair, chronic
inflammation tends to result in tissue degradation (Franceschi & Campisi 2014). Chronic
inflammation is associated with the proliferation of blood vessels, tissue necrosis and fibrosis.
Though unresolved acute inflammation is often the cause of chronic inflammation and both

may also occur simultaneously (Porth 2015).

2.5.1 The inflammatory response

Acute inflammation is initiated upon exposure to inflammatory triggers, such as microbial
products, tissue and cellular damage and metabolic stress. The resultant systemic
manifestations and increased serum proteins is termed acute phase response. Acute

inflammation has two stages, a vascular stage followed by the cellular stage (Porth 2015).

The vascular stage is the initial response to injury starting with vasoconstriction of the
arterioles which only last a few seconds (Kokkas 2010). During increased microvascular
permeability protein-rich fluid moves from the vasculature into the extravascular spaces
forming an exudate. The exudate dilutes the pathogen or harmful agent in the tissues. The
loss of proteins from the vasculature to tissues spaces aids in the movement of fluid into tissue

spaces against the osmotic pressure gradient. Swelling, pain and loss of function manifests
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as a consequence of increased interstitial fluid. The fluid loss results in blood becoming more
viscous, with more concentrated blood cells and clotting factors (Huether & McCance 2012;
Buckley et al. 2014). The sluggish blood flow allows clotting and limits the spread of infectious
or harmful agents from the injury site. Histamine, bradykinin and serotonin bind to epithelial
receptors and cause retraction of capillaries lining ECs. Histamine also increases vascular
permeability through rapid constriction of smooth muscle cells, dilation of postcapillary
venules, and increased adherence of leukocytes to the endothelium. This leads to separation
of intercellular junctions, increasing vascular permeability and allow vascular leakage. NO also
mediates endothelium dependant vasodilation.(Porth 2015; Shayganni et al. 2016; Shakya &
Gupta 2017).

Phospholipases releases the arachidonic acids in the phospholipids of endothelial cell
membranes (Huether & McCance 2012). This leads to the synthesis of prostaglandins through
the cyclo-oxygenases pathway and leukotrienes through the lipoxygenase pathway.
Leukotrienes induce smooth muscle contraction, constrict pulmonary airways and increase
microvascular permeability. Prostaglandins induce vasodilation and bronchoconstriction,
decreases IL-1 and IL-6 and enhances tissue remodelling. Prostaglandin E, (PGE>) has a role
as an inflammatory antagonist, increasing production of anti-inflammatory IL-10 and
decreasing TNF-a. It also acts together with PGI, to allow transmigration of neutrophils across
ECs of postcapillaries along the gradient of the chemoattractant leukotriene B4 (Ashina et al.
2015; Chiurchiu & Maccarrone 2016; Serhan 2017). Prostaglandin thromboxane A, promotes
vasoconstriction, bronchoconstriction and platelet aggregation (Chiurchitt & Maccarrone
2016). The membrane phospholipid of nearly all the inflammatory cells give rise to platelet-
activating factor (PAF). PAF induces platelet aggregation and platelet degranulation which
amplifies serotonin release and thereby increasing vascular permeability. It also aids in
leukocyte adhesion, chemotaxis and leukocyte degranulation, as well as stimulate the

synthesis of prostaglandins (Gros et al. 2014; Porth 2015).

There are three patterns of changes in the vascular endothelium, based on the severity of the
injury. Minor injury results in the immediate transient response, lasting 15-30 minutes. Direct
damage to the endothelium will result in the longer lasting immediate sustained response,
involving arterioles, capillaries and venules. Injuries from radiation, such as sunburn, trigger
the delayed response which involves the arterioles and capillaries. Increased vascular

permeability is established after a delay of 2-12 hours, and may last for days (Porth 2015).

The cellular stage involves changes in the ECs that line the vasculature, leukocyte margination

and adhesion, transmigration, chemotaxis and activation and phagocytosis. Leukocyte
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margination is the process of leukocyte accumulation as a result of slowed blood flow. Mast
cells and macrophages adjacent to the blood vessels release chemical mediators (Krychtiuk
et al. 2013; Porth 2015). Inflammatory cytokines TNF-a and IL-1 are released, causing the
ECs of the vascular lining to express adhesion molecules and result in tethering (Mittal et al.
2014; Porth 2015). During tethering the adhesion molecules, E-selectins (associated with
ECs) and P-selectins (associated with platelets) bind to carbohydrates on the leukocytes to
slow them down; this is known as leukocyte rolling. After rolling along the endothelial lining,
leukocytes stop when they adhere strongly to the intercellular endothelium adhesion
molecules. Endothelial cell separation allows leukocytes to transmigrate through the vessel
wall into tissue spaces, where phagocytosis will take place (Silva-Herdade et al. 2016). The
circulating interleukin-1 Beta (IL-1B) not only enhances further production of itself, but also of
IL-6. Consequently, IL-6 stimulates hepatic production of CRP. Inflammatory cells involved in
local inflammation can also produce CRP at concentrations too low to cause systemic effects
(Ridker 2016).

The final phase of the cellular stage is phagocytosis by neutrophils, monocytes and
macrophages. Specific receptors on phagocytes recognise and bind to the target cell
triggering engulfment. Target cells are recognized directly by phagocytes, or indirectly through
opsonization. During opsonization the target cells are coated with lectins, antibodies and/or
complement. The cytoplasm of phagocytes extends to surround and ultimately engulf the
opsonized particle, forming a phagosome. In the cytoplasm the phagosome fuses with the
lysosome, forming a phagolysosome. The enzymes from the lysosome kill and digest the
particle. Lysozymes, proteases and defensins are responsible for intracellular killing. These
require oxygen and the enzyme reduced nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase and nitric oxide synthase (Porth 2015; Lim et al. 2017).

Phagocytosis plays a vital role in the resolution of inflammation, finally removing the cause of
inflammation. Neutrophils that have been involved in the removal of pathogens or pro-
inflammatory stimuli are subsequently engulfed by macrophages for leukocyte clearance. If
these neutrophils are not removed, the molecules released form the apoptotic cells would
prolong the inflammatory response (Gordon 2016). Phagocytosis of apoptotic cells, as in the

case of atherosclerosis, is termed efferocytosis (Lim et al. 2017).

It is important to note the difference between anti-inflammation and pro-resolution. Anti-
inflammatory relates to processes which inhibits the factors that promote inflammation and it
does not remove the cause of inflammation. Using anti-inflammation as a pathway for

treatment may cause the patient to be immunocompromised (Fredman & Tabas 2017,
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Motwani et al. 2017). Buckley et al. (2014) defined resolution of inflammation as the rate at
which neutrophils are cleared from the site of tissue injury, until there is an absence of
neutrophils. They explained that the process involves removal of the pro-inflammatory stimuli
and resultant proinflammatory signals, normalizing chemokine levels and neutrophil apoptosis
followed by efferocytosis.

Specialized pro-resolving mediators (SPMs) are the regulators of inflammatory resolution.
These lipid derived SPMs include resolvins, lipoxins, protectins and maresins. The SPMs are
synthesized at the site of injury upon activation of the inflammatory response through action
of lipoxygenases (LOX). Proteins and peptides, nucleotides and gases also play a role in
resolution of inflammation (Fredman & Tabas 2017). Resolvin E1 and protein Annexin A1 with
its bioactive peptide Ac2-26 decreases leukocyte infiltration at the site of inflammation.
Maresin 1 promotes the pro-resolving actions of platelets. Resolvin D1 stabilizes plaque by
increasing fibrous cap thickness and decreases necrosis and oxidative stress through an

increased rate of efferocytosis (Buckley et al. 2014; Fredman & Spite 2017; Heinz et al. 2017).

Unresolved acute inflammation develops into chronic inflammation. Unlike the reparative
process of acute inflammation, chronic inflammation causes tissue damage and degeneration
(Franceschi & Campisi 2014; Fredman & Spite 2017). Chronic low-grade sterile inflammation
is characterised by a slight increase in inflammatory markers. Though it does not present
clinical signs, it has proven to negatively affect metabolic pathways and normal physiology
(Mraz & Haluzik 2014).

2.5.2 Inflammatory mediators

Mediators of the acute inflammatory response are plasma-derived and cell-derived. Cell-
derived mediators include preformed and newly synthesized mediators as a result of the
inflammatory response as seen in Figure 6. These mediators are responsible for initiation,

intensification and resolution of inflammation.
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Figure 6: Mediators of acute inflammation. Adapted from Porth (2015)

2.5.2.1 Cytokines

a) Interleukin-1

Interleukin-1 is a proinflammatory mediator of acute and chronic inflammation that activates
the endothelium during inflammation and increases TNF-a, CAM and IL-6 production.
Membrane bound interleukin-1 alpha (IL-1a) and circulating IL-1B8 both bind to type 1 IL-1
receptor (Ridker 2016). The production of IL-1 is regulated by interleukin-1 receptor antagonist
(IL-1RA). The precursor IL-1a is 31 kilodalton (kDa) and is biologically active when uncleaved.
Once cleaved by proteases elastase, granzyme B and mast cell chymase the activity of IL-1a
drastically increases. Precursor IL-13 is 31kDa in size and requires proteolytic activity of
caspase-1. After cleavage into 17 kDa active IL-1p3, it can bind to IL-1 receptor (Garlanda et
al. 2013; Afonina et al. 2015).

b) Interleukin-6

Proinflammatory cytokine, IL-6 is produced by the liver. In turn, IL-6 stimulates the production
of CRP (Ridker 2016). IL-6 is discussed in more detail in 2.8.

c) Interleukin-10

Interleukin-10 is an anti-inflammatory cytokine. IL-10 decreases the intensity of inflammation

by decreasing oxidative stress, matrix metalloprotease and necrosis. It promotes inflammatory
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resolution by increasing the fibrous cap and efferocytosis (Kinzenbaw et al. 2013; Fredman &
Tabas 2017).

d)  Tumour necrosis factor-a

The pro-inflammatory cytokine TNF-a is expressed by macrophages, lymphocytes, mast cells,
ECs, fibroblasts and neurons (Slebioda & Kmiec 2014). TNF-a will be discussed in more detail

where.

2.5.2.2 High Sensitivity C-Reactive Protein

The acute phase protein HS-CRP is produced by the liver in response to tissue injury and
inflammation (Braig et al. 2017). This non-specific inflammatory marker will be discussed in
further detail in 2.6.

2.5.2.3 Complement

The complement system is part of the innate immunity and consists of a cascade of proteins
which are activated to cause cell lysis (Merle et al. 2015b). Complement proteins C1-C9 are
always present in an inactive state in plasma. The complement cascade can be activated via
the classical pathway, alternative pathway and lectin pathway. Antibodies bound to antigen
activate complement via the classical pathway as part of the humoral immune system. The
alternative pathway is activated by exposure to microbial cell surface antigens in the absence
of antibodies. Lectin-bound microbial mannose activates the lectin pathway which in turn

activates the classical complement pathway (Merle et al. 2015a; Porth 2015).

Activation of either of these pathways results in the cleavage of complement protein C3 to C3b
and C3a proteins. Complement protein C3a is a chemoattractant which recruits’ neutrophil
whereas C3b opsonizes the microbe for phagocytosis. Complement protein C5 is cleaved by
the C3b enzyme complex. The resultant C5a fragments recruits more neutrophils and
activates the vascular phase of acute inflammation. The fragment C5b remains bound to the
microbe and initiates the membrane attachment phase of the complement cascade as
illustrated in Figure 7. Activated complement proteins C6, C7, C8 and C9 form a pore in the

microbe allowing fluid to enter and lyses it (Hovland et al. 2015; Porth 2015).
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Figure 7: Complement system. Adapted from Hovland et al. (2015); Merle et al. (2015a)

2.5.2.4 Factor Xll (Hageman factor)

Coagulation factor Xl is also known as the Hageman factor. It is an 80kDa single chain
protease, consisting of a heavy and light chain linked by a disulphide bond. Upon contact with
anion surfaces, it is activated into a two-chain form. Once activated, Hageman factor initiates
the intrinsic coagulation pathway, converts plasma prekallikrein to kallikrein and releases

bradykinin from high molecular weight kininogen (Lin et al. 2017; Didiasova et al. 2018).

2.5.2.5 Bradykinin

The vasoactive peptide bradykinin is an end-product of the intrinsic coagulation system and is
produced via the kinin system. The main function of this peptide is its hypotensive action.
Factor VII (FVII) is activated when it binds with kaolin, FVlla then activates plasma prekallikrein
(PPK). In turn PPK cleaves bradykinin from high molecular weight kininogen (HK). The
process of bradykinin formation is linked to the coagulation system through factor XI (Hofman
et al. 2016; Anton et al. 2018).
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2.5.2.6 Serotonin

Serotonin is a vasoactive amine with the chemical composition 5-hydroxytryptamine.
Tryptophan is hydroxylated by tryptophan hydroxylase and further decarboxylated by aromatic
acid decarboxylase to form serotonin. There are two pools of serotonin; 5% of the total body
serotonin is synthesized in the brain and serves as a neurotransmitter (Tonello et al. 2015).
The remaining 95% is produced by cells of peripheral organs, such as enterochromaffin cells
of the gut, pancreatic B cells, adipocytes and osteoclasts. Peripheral serotonin regulates
pancreatic B cell, liver and adipocyte metabolism. It is also involved in neutrophil and
macrocyte recruitment, increased vascular permeability and cytokine production during
inflammation (Gros et al. 2014; El-Merahbi et al. 2015).

2.5.2.7 Histamine

Histamine is a vasoactive amine derived from histidine and known for its role in acute allergic
inflammation. It is released upon degranulation of platelets, basophils and mainly mast cells.
Histamine causes vasodilation and increased vascular permeability (Hofman et al. 2016).
Histamine binds to numerous target cells via the surface receptors H1 and H2 (Ashina et al.
2015; Panula et al. 2015).

2.5.2.8 Nitric oxide

Nitric oxide is a critical signalling antioxidant molecule produced by leukocytes, macrophages
and ECs. NO plays a role in blood flow and pressure, platelet inhibition and inflammation. This
anti-inflammatory role is achieved through relaxation of VSMCs, inhibition of VSMC
proliferation, inhibition of platelet activation and aggregation, and inhibition of cell adhesion
and migration (Douglas & Channon 2014; Shrivastava et al. 2015a). NO is produced by eNOS
activity on L-arginine converting it to citrulline, in response to chemical and mechanical stimuli.
The enzyme eNOS is mainly expressed by ECs upon exposure to shear stress, bradykinin
and acetylcholine (Park & Park 2015; Forstermann et al. 2017). Oxidative stress and ROS
uncouple eNOS, which consequently becomes a ROS producer (Park & Park 2015).

CHAPTER 2 Page 40



2.5.2.9 Reactive oxygen species (ROS)

Reactive oxygen species is defined as oxygen containing reactive molecules such as
superoxide, hydrogen peroxide, peroxynitrite and the hydroxyl radical. These metabolites are
capable of oxidizing other molecules. The formation of ROS results from normal physiological
metabolism and signalling, as well as pathological oxidative processes (Mittal et al. 2014;
Brown & Griendling 2015; He & Zuo 2015). The partial reduction of oxygen during aerobic
mitochondrial metabolism forms ROS as a by-product. The formation of ROS is also initiated
by cytokines, xenobiotics and microbial invasion, during which it acts as a signalling molecule.
ROS is abnormally increased during conditions resulting in oxidative stress such as diabetes,
atherosclerosis and aging. In these cases, ROS causes damage to proteins, nucleic acids and
lipids. ROS can be produced intracellularly in platelets, which play an important role in platelet
activation and adherence (Qiao et al. 2018). During the inflammatory response, NADPH

oxidases and myeloperoxidases in ECs and phagocytes produce ROS (Mittal et al. 2014).

2.5.2.10 Prostaglandins and leukotrienes

Prostaglandins are produced from the release of arachidonic unsaturated fatty acids from cell
membrane phospholipids. When phospholipases release arachidonic acids, prostaglandins
are formed via the cyclooxygenase metabolic pathway. The metabolism of arachidonic acids
via the lipoxygenase pathway results in the formation of pro-inflammatory leukotrienes. The
PGE, and PGI, are responsible for inducing diapedesis and leukotriene B, (LTB.) and
amplifies neutrophil recruitment (Buckley et al. 2014; Porth 2015).1ts synthesis is dependent
on the amount of available arachidonic acids, NO and ROS intermediates (Viola & Soehnlein
2015).

2.5.2.11 Platelet activating factor (PAF)

The pro-inflammatory and anti-inflammatory PAF is an ether phospholipid, with the most active
form being alkyl-PAF (1-alkyl-2-acetyl-sn-glycero-3-phosphocholine) (Chaithra et al. 2018).
PAF induces platelet aggregation and degranulation, which in turn stimulates serotonin
release and ultimately increases vascular permeability. The action of PAF also results in
leukocyte adhesion, chemotaxis, leukocyte degranulation and prostaglandin production. PAF
requires platelet activating factor receptor on cell membranes to initiate its action via the G-
protein coupled receptors (Gros et al. 2014; Porth 2015; Jacob et al. 2017).
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2.5.2.12 Adhesion molecules

a) Selectins

Selectins are membrane glycoproteins with carbohydrate recognition domains, expressed on
ECs and leucocytes (Mittal et al. 2014). The transmembrane, Calcium 2+ dependant selectins,
E-selectin, L-selectin and P-selectin form the selectin family. L-selectin is expressed by
leucocytes, E-selectin is expressed by activated ECs and P-selectin is expressed by both
activated platelet a-granules and activated ECs. Selectins are responsible for leucocyte
rolling, during which leucocyte ligands reversibly bind to selectins (McEver 2015; Silva-
Herdade et al. 2016).

b) Integrins

The integrin family consists of almost 30 transmembrane receptor proteins that promote cell-
to-cell and cell-to-extracellular matrix interaction. They are heterodimers of a- and B-subunits
which are non-covalently bound. Blood cell integrins require activation before they can bind
with ligands. Selectin-mediated rolling is slowed down even further through short-lived bonds
between leucocyte integrins and their ligands such as ICAM and VCAM (Nourshargh & Alon
2014; McEver 2015). Adherence of the Be-integrins on leucocytes with ICAM-1 on ECs
facilitate transendothelial migration of leucocytes (Mittal et al. 2014).

2.5.2.13 Specialized pro-resolving mediators (SPMs)

Specialized pro-resolving mediators are derived from poly unsaturated fatty acids, which
enhance the resolution of inflammation through efferocytosis. Lipoxins are derived from
arachidonic acids and E-resolvins are derived from eicosapentaenoic acid (EPA). Maresins,
protectins and D-resolvins are derived from docoshexaenoic acid (DHA) (Buckley et al. 2014;
Fredman & Spite 2017).

Other than the common function of promoting efferocytosis, SMPs have various other
functions which contribute to inflammatory resolution. Resolvins act on neutrophils,
macrophages and epithelial cells to reduce neutrophil adhesion, ROS generation, pro-
inflammatory cytokine production, leucocyte transmigration and organ fibrosis. Resolvins also
increase neutrophil apoptosis, phagocytosis, microbial killing IL-10 production and tissue
regeneration (Chiang & Serhan 2017; Fredman & Spite 2017; Heinz et al. 2017). Lipoxins act

on neutrophils, monocytes and macrophages to increase phagocytosis, nonphlogistic
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monocyte recruitment and IL-10 production. Neutrophil adhesion and tissue damage are also

reduced through the action of lipoxins (Buckley et al. 2014; Serhan 2017).

Maresins regulate neutrophil infiltration, reduce pain and increase tissue regeneration and
wound healing through action on neutrophils, monocytes and macrophages (Serhan 2014).
Protectins are primarily neuroprotective, targeting T cells and microglial cells. However,
protectins also regulate T-cell and neutrophil infiltration, reduce TNF-a production, reduce
renal fibrosis and reduce retinal pigmentation (Buckley et al. 2014; Chiang & Serhan 2017;
Serhan 2017).

2.5.3 Inflammation and aging

The link between inflammation and aging has been studied for many years with new concepts
evolving as research developed. The network theory of aging was proposed in 1989. It
generally suggested that aging is indirectly controlled by a network of cellular and molecular
defence mechanisms (Franceschi 1989). This theory evolved from the evolution of aging
theory which proposed that mortality results from reduced error regulation in somatic cells and
new data on cellular and biological aging (Kirkwood 1977; Franceschi et al. 2000b). In
summary, the theory proposed that cells cope with stressors through various mechanisms,
such as DNA repair, antioxidant defence, and enzyme action among others. A fault in any of
these integrated mechanisms will lead to defective homeostasis. Further studies on human
immune-senescence and the new model of healthy centenarians led to the development of
the remodelling theory of aging in 1995. Some immune components decrease, some increase
and some remain the same during aging, thus concluding that the body is continuously
adapting to deterioration (Franceschi & Cossarizza 1995; Franceschi et al. 1995; Franceschi
et al. 2000a).

The “inflamm-aging/ inflammaging” phenomenon was introduced in 2000 and is considered
an extension of the network theory of aging and remodelling theory of aging. Inflammaging
refers to the chronic, low-grade inflammatory state as a result of physiological changes
associated with aging (Franceschi et al. 2000a; Franceschi & Campisi 2014). Current research
is focused on genetic mutations linked to inflammaging, biomarkers of inflammaging and the

impact of diet and exercise on prevention of inflammaging (Frank & Caceres 2015; Das 2017).
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2.5.4 Inflammation and cardiovascular disease

The role of inflammation in atherosclerosis and destabilization of plaque has been widely
accepted (Taleb 2016; Fredman & Tabas 2017). Atherosclerosis results from chronic
inflammation, triggered by vessel injury and endothelial dysfunction as discussed in 2.3
(Minihane et al. 2015; Shrivastava et al. 2015b; Fredman & Spite 2017).

2.6 High Sensitivity C-Reactive Protein

With inflammation playing a key role in the development of atherosclerosis, destabilization of
plague and rupture of the plague, inflammatory biomarkers have become a focal point of
investigation. Studies of these inflammatory biomarkers aim to improve risk determination and
treatment stratification of CVD. Of these inflammatory biomarkers, CRP has been the most
commonly studied in association with CVD. CRP is a non-specific inflammatory marker
(Shrivastava et al. 2015Db).

CRP was discovered by Tillet and Francis in the 1930s, in a study on patients with acute
Streptococcus pneumonia infection. The name CRP originated from its ability as a protein to
react with and precipitate phosphorylcholine residues of the C polysaccharide derived from
the teichoic acid in the cell wall of Streptococcus pneumoniae. It was also found to be able to

precipitate calcium ions (Tillett 1930; Salazar et al. 2014).

In the 1940s, Avery and McCarthy described CRP as an acute phase reactant which was
increased in the serum of patients with various inflammatory conditions. Ridker et al. (1997)
indicated the presence of an association between increased levels of CRP and CVD. With this
revitalized interest of CRP associated with CVD in the 1990s, the immunoassay for HS-CRP
was developed, which allowed the analysis of CRP levels with greater sensitivity. This led to
the discovery that even slight increases in CRP, within the ranges which were previously
thought to be normal, were associated with the risk of developing CVD (Shrivastava et al.
2015b).
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2.6.1 Physical characteristics

C-reactive protein is a member of the pentraxin family of calcium dependant, ligand-binding
plasma proteins. Pentraxins characteristically have 5 identical non-glycosylated globular
subunits or protomers. These are noncovalently associated, forming a symmetric cyclic
pattern around a central pore which gives these proteins their pentameric, discoidal, and
flattened doughnut configuration (Salazar et al. 2014). Each subunit of the pentameric CRP

(pCRP) molecule weighs approximately 23 kDa (Braig et al. 2017).

Each protomer is made up of 2 anti-parallel p-pleated sheets and has the flattened beta-
jellyroll lectin fold. The binding face, B face or recognition face of each protomer has a
phosphocholine binding site, which is concave. This ligand-binding site contains two calcium
ions adjacent to the hydrophobic pocket which are 4 A apart, bound by protein carboxylate
and amide side chains. The residues phenylalanine-66 (Phe-66) and glutamic acid-81 (Glu-
81) are responsible for binding phosphocholine. The positively charged nitrogen of
phosphocholine head interacts with Glu-81, while the methyl groups on the tail hydrophobically
interact with Phe-66 on the opposite side of the pocket (Pepys & Hirschfield 2003; Black et al.
2004; Du Clos 2013; Shrivastava et al. 2015b). These characteristics allow the B face to bind
to damaged or apoptotic cells and bacterial cell walls (Braig et al. 2017).

The effector face or A face carries a single a-helix and has the ability to initiate fluid-phase
pathways of host defence and cell-mediated immunity pathways. The globular recognition
domain of complement, C1q binds at this site and activates the classical complement pathway
up to level C3 convertase. This site also serves as receptors for the Fc portion of
immunoglobulin gamma (Fcy). The residues aspartic acid-112 (Asp-112) and tyrosine-175
(Tyr-175) along the groove leading from the centre of the protomer to the central pore are vital
for binding C1g. (Black et al. 2004; Di Napoli et al. 2011; Chandrashekara 2014; Thiele et al.
2015; Braig et al. 2017).
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Figure 8: Structure of c-reactive protein (Black et al. 2004)

C-reactive protein is made up of 206 amino acids and is present in pentameric or monomeric
form. The freely soluble pCRP as illustrated in Figure 8, has pro- and anti-inflammatory
properties and is easily quantifiable in plasma. pCRP can undergo spontaneous and
irreversible conformation to monomeric CRP (mCRP), which is found in associated with
particles or in tissues such as atheromas. The structure changes from a B-sheet to a less
soluble a-helix and no longer binds to phosphocholine. Aggregates of mCRP form matrix-like
lattices in tissues. (Di Napoli et al. 2011; Shrivastava et al. 2015b; Braig et al. 2017). The
biologically active mCRP is not freely soluble, it can be detected in plasma as a complex with

lipid containing particles and has powerful pro-inflammatory properties (Trial et al. 2016).

2.6.2 Biochemical metabolism

The majority of CRP found in circulation is synthesized in the liver during the transcriptional
phase, regulated by proinflammatory cytokines in response to tissue injury and inflammation.
The main regulator of CRP synthesis is IL-6, which upregulates the transcription factors
Cytidine-Cytidine-Adenosine-Adenosine-Thymidine (CCAAT)/ enhancer-binding protein £
(C/EBPp) and CCAAT enhancer-binding protein & (C/EBPS). IL-18 and TNF also increase the
rate of CRP transcription (Salazar et al. 2014; Thiele et al. 2015). The CRP gene is located
on long arm of chromosome 1, position 23.2 (1g23.2) (Floyd-Smith et al. 1986). CRP has also

been found to be expressed in adipocytes in response to proinflammatory mediators. Visceral
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adipose tissue is the underlying inflammatory component of obesity, promoting inflammation
by releasing IL-18 and IL-6 which contribute to CRP production (Sadashiv et al. 2015).
Other sites where messenger ribonucleic acid (MRNA) of CRP have been found include
neurons, epithelial cells of the lungs, epithelial cells of renal cortical tubules, Kupffer cells,
lymphocytes and both macrophages and smooth muscle cells of atherosclerotic lesions.
These extrahepatic sites of CRP production are thought to be the sources of sustained low
levels of CRP, which are implicated in CVR (Chandrashekara 2014; Salazar et al. 2014).

The acute phase protein CRP is produced as a pentamer in the liver and secreted into
circulation. Exposure to conditions that separate the subunits of the pCRP, results in the
formation of mCRP. Bioactive lipids encourage the conformational rearrangement to mCRP,
which cannot reassemble to pCRP. The two structurally and functionally different forms of
CRP have different epitopes for antibody recognition (Thiele et al. 2015; Trial et al. 2016).

Small soluble bioactive peptides resultant from CRP degradation constrain the pro-
inflammatory and tissue destructive abilities of neutrophils. CRP residues have different
functions; CRP residue 201-206 (CRP-IIl), 83-90 (CRP-1V) and 77-82 (CRP-V) from the intact
protein act additively to inhibit superoxide production from activated neutrophils at 50uM.
CRP-IIl and CRP-V have been indicated to prevent neutrophil chemotaxis. CRP residue 174-
185 and CRP-lll activates neutrophils to shed the IL-6 receptors, reduces neutrophil

attachment and decreases L-selectin expression (Chandrashekara 2014).

Serum CRP levels increase significantly 6-8 hours after the initial stimulation and peaks at 24-
48 hours. The concentration of CRP in the serum is determined by the rate of production, it
can increase by 1000-fold or more during injury or inflammation. The half-life of CRP is
approximately 19 hours (Chandrashekara 2014; Shrivastava et al. 2015b).

2.6.3 Physiology

The major function of CRP is to protect the body against foreign pathogens through promoting
agglutination, activating the classical complement pathway, causing bacterial capsular
swelling, and promoting the phagocytosis and precipitation of polycationic and polyanionic
molecules (Shrivastava et al. 2015b). In this response to infectious organisms, CRP plays a
role in innate immune. CRP is also involved in inflammation caused by sterile tissue damage
(Trial et al. 2016).
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C-reactive protein binds with the highest affinity to the ligand phosphocholine. It also binds to
autologous ligands such as native and modified plasma lipoproteins, damaged cell
membranes, various phospholipids, small ribonucleic particles and apoptotic cells. Extrinsic
ligands to which CRP binds include elements of bacteria, fungi, parasites and plants such as
glycan, phospholipids, as well as capsular and somatic components (Shrivastava et al.
2015b). CRP also binds to macromolecular ligands such as phosphor-ethanolamine,
chromatin, histones, fibronectin, small nuclear ribonucleoproteins, laminin and polycations
(Chandrashekara 2014).

The role of CRP:

Activation of complement

The innate immunity is amplified and facilitated by CRP through activation of the classical
complement pathway through binding of C1q (Shrivastava et al. 2015b). Though CRP plays a
crucial role in the acute phase response and acts as a regulator of the innate immunity, it has
been associated with various chronic inflammatory conditions (Salazar et al. 2014).

Immune cell recruitment and activation

C-reactive protein promotes adhesion molecule expression in ECs, which attract monocytes
to the vessel injury site. Macrophages are activated by CRP to secrete the pro-coagulant
tissue factor (Shrivastava et al. 2015b). Alveolar macrophages and blood mononuclear cells
are stimulated by CRP to produce IL-1q, IL-18, TNF-a and IL-6. ECs are triggered to express

adhesion molecules, chemokines and cytokines (Chandrashekara 2014).

Fibrinolysis

Plasminogen activator inhibitor-1 is a protease inhibitor which regulates fibrinolysis. CRP
promotes PAI-1 expression and activity resulting in decreased fibrinolysis and ultimately,
atherosclerosis (Shrivastava et al. 2015b).

Activation of metalloproteases

The release of matrix metalloprotease-1 is promoted by CRP (Chandrashekara 2014).

Metalloproteases decrease the thickness of plaque fibrous cap, increasing the probability of

plague rupture (Tesauro et al. 2017).
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Nitric oxide synthesis

The expression of NO synthase in EC is inhibited by CRP. Decreased NO results in decreased
anti-atherogenic reactions which decrease platelet aggregation, vasoconstriction and VSMC

proliferation (Shrivastava et al. 2015b).

Lipoprotein interaction

C-reactive protein binds to oxidized phospholipids and lipids play a vital role in the dissociation
of pCRP to mCRP (Trial et al. 2016). It also mediates the uptake of LDL into macrophages
(Chandrashekara 2014).

2.6.4 Methods of detecting serum HS-CRP

Assays for HS-CRP make the use thereof for clinical diagnosis, management and treatment
of CVD simple and relatively inexpensive (Salazar et al. 2014). These assays have become
widely available commercially and are reliable and reproducible. The similarity of results from
fresh, frozen, or stored plasma demonstrates that CRP is a stable and robust clinical marker
(Shrivastava et al. 2015b). These assays measure soluble pCRP (Trial et al. 2016). CRP can
be detected with direct immunoturbidimetric or immunonephelometric assays. However, the
detection limit for these assays are not low enough to accurately measure concentrations of
CRP less than 0.3 milligram per litre (mg/L), known as HS-CRP. For the measurement of HS-
CRP concentrations, particle-enhanced assays or sandwich immunoassays are used (Rifai et
al. 2018).

2.6.4.1 Enzyme linked immunosorbent assay (ELISA)

a) Principle

An antibody is adsorbed onto a solid phase such as a microtiter well. If the sample that is
added contains the corresponding antigen, such as CRP, it will bind to the solid phase
antibody. The mixture is washed, leaving only the complexes on the solid phase. An antibody
(also to CRP) labelled with an enzyme is then added, upon binding it forms a “sandwich-
complex” of antibody-antigen-antibody. The mixture is washed once again to remove unbound
antibodies. An enzyme substrate is added to react with the enzyme-labelled antibody

producing a coloured product. The intensity of the coloured product is measured through
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colourimetry and is proportional to the concentration of the analyte in the sample. Standards
are used to draw a curve and the concentration of the samples are read from the curve (Nimse
et al. 2016; Rifai et al. 2018).

b) Advantages

Highly sensitive, allow detection of target antigen or antibody at low concentrations (Albrecht
et al. 2008; Gan & Patel 2013).

c) Disadvantages

Expensive and only well-equipped laboratories have ELISA automation. It has a long turn-
around time. The method requires trained and competent technologists to prevent false
positive results due to prolonged colorimetric reaction by enzymes if the method is not adhered
to. In order to detect an antigen, an antibody to the target antigen has to be available for the
solid phase and vice versa. Nonspecific antigen or antibodies binding to the plate may lead to
false high or positive results (Albrecht et al. 2008; Gan & Patel 2013).

2.6.4.2 Immunonephelometry

a) Principle

The principle of nephelometry is based on the measurement of light scattered at a fixed angle.
The reagent contains polystyrene particles coated with monoclonal anti-human CRP
antibodies. When samples containing CRP are mixed with the reagent the antibody coated
particles and CRP bind to form aggregates of polystyrene particles. A beam of light passed
through the sample will scatter as a result of these aggregates. The intensity of scattered light
is directly proportional to the concentration of CRP in the analysed sample. A standard curve
is drawn using known standards, and the concentration of the samples are read from the curve
(Ziv-Baran et al. 2017).

b) Advantages

In general nephelometric methods are more sensitive than turbidimetry, detecting lower

concentrations of the target protein (Burtis & Bruns 2015).
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c) Disadvantages

Immunonephelometric assays are performed on specialized instruments (Ariyurek 2012).

2.6.4.3 Immunoturbidimetry

a) Principle

When latex particles coated with anti-human CRP antibodies are mixed with a sample
containing CRP, latex aggregates will form. The latex aggregates increase the turbidity of the
sample. A beam of light passes through the sample and a detector measures the absorbance
of light by the sample. Standards are measured and used to draw a curve from which samples

are read to determine the concentration (Ziv-Baran et al. 2017).

b) Advantages

The addition of latex particles lowers the detection limit of the assay (Burtis & Bruns 2015).
Immunoturbidimetric assays are more readily available on general chemistry analysers than
immunonephelometric assays. The availability of automated immunoturbidimetric assays

reduces turn-around time and allows high volume testing (Ariyurek 2012).

c) Disadvantages

The method is less sensitive than nephelometric assays if it is not particle-enhanced (Burtis &
Bruns 2015).

2.6.5 Increased serum HS-CRP

C-reactive protein has been widely accepted and used as a diagnostic marker for
inflammation. When detecting levels below 5 mg/L it is termed HS-CRP (Ziv-Baran et al.
2017). Increased levels of CRP indicate the presence of inflammation but does not specify the
cause of inflammation (Salazar et al. 2014; Ziv-Baran et al. 2017). Elevated levels of CRP are
consequently associated with various inflammatory conditions such as atherosclerosis,
prediabetes, type Il diabetes mellitus, obesity (BMI), hypertension, hyperlipidaemia, metabolic
syndrome, infections, smoking, coffee consumption, oral contraceptive use, infections in new-
borns (CRP does not cross the placenta), poor prognosis in some cancers, physical stress,

systemic inflammatory conditions such as rheumatic disease, and to a lesser extent single
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nucleotide polymorphisms in CRP genes (Aguiar et al. 2013; Chandrashekara 2014; Halcox
et al. 2014; Phosat et al. 2017).

2.6.6 HS-CRP as a cardiovascular risk marker

CRP undeniably contributes to CVD through its involvement in atherosclerosis formation. CRP
plays a role in atherosclerosis formation through various mechanisms such as activation of
the complement cascade, mediation of lipid uptake by macrophages, increased secretion of
pro-inflammatory molecules and expression of tissue factor in monocytes, promotion of
endothelial dysfunction and hindering the production of NO (Shrivastava et al. 2015b).
Elevated levels of CRP have been associated with numerous non-communicable diseases
including insulin resistance, hypertension and metabolic syndrome. However, its role in CVD
has been of most interest. Several studies have demonstrated HS-CRP is an independent
marker of CVR in both sexes, across a wide age range, in diverse ethnic backgrounds and
various clinical settings. An increasing number of studies suggest that elevated levels of HS-
CRP, in addition to risk determination of asymptomatic patients, also predict a poor prognosis
in patients with symptomatic CVD (Greenland et al. 2010). Recent studies have indicated that
CRP levels respond to the management or elimination of CVR factors, such as exercising and
losing weight, controlling diabetes and cessation of smoking. Therefor CRP can be useful in
determining treatment compliance (Chandrashekara 2014; Salazar et al. 2014; Shrivastava et
al. 2015b; Ziv-Baran et al. 2017).

2.7 Tumour Necrosis Factor Alpha

During research on haemorrhagic necrosis of tumour cells by gram-negative bacteria Carswell
et al. (1975) discovered a substance is released by the host in response to the bacterial
endotoxin which is responsible for causing necrosis of tumour cells, rather than the endotoxin
itself. The substance was found to be selectively toxic to malignant cells and was consequently
named tumour necrosis factor. This endorsed the research done by Algire et al. (1952) which
concluded that the endotoxin indirectly kills tumour cells but disproved that tumour cell death
is caused by hypotension and haemostasis as a result of endotoxin. Aggarwal et al. (1985)
went on to clone, purify and describe the characteristics of TNF-a and TNF-f (initially

lymphotoxin-a).

Tumour necrosis factor alpha forms part of the TNF superfamily, consisting of 19 ligands and
29 receptors as outlined in Table 4. Receptors can be further classified into receptors that do

and do not have the intracellular death domain (DD). All members of the TNF superfamily play
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a pro-inflammatory role, some also play a role in haematopoietic proliferation, differentiation
and apoptosis. TNF-a has a molecular mass of 17 kDa and TNF-§ is a protein of 25 kDa.
Though these proteins share 50% similarity in amino acid make-up, they have been proven to
be two different proteins with immunological reactions. Another differentiating characteristic is
that TNF-a is mainly produced by macrophages and tumour necrosis factor- 3 (TNF-) by
lymphocytes. The rest of the tumour necrosis factor superfamily (TNFSF) were identified
genetically first, unlike TNF-a and TNF-B were the proteins were isolated first (Kelker et al.
1985; Aggarwal et al. 2012).

2.7.1 Physical characteristics

The pleiotropic, pro-inflammatory cytokine TNF-a is made up of 233 amino acids (Wang et al.
2015). It is a glycoprotein with three identical polypeptide subunits, which combine after
exposure to the surface of the cell membrane. Trimeric TNF-a is biologically active in its
transmembrane or soluble form (Blandizzi et al. 2014; Olmos & Llado 2014). The
transmembrane form of the newly synthesized TNF-a is 27 kDa in size and may be cleaved
to soluble TNF-a of 17 kDa. This soluble form of TNF-a consists of two antiparallel 3-pleated
sheets with antiparallel B-strands that form a jelly-roll B-structure as seen in Figure 9

(Parameswaran & Patial 2010).

Figure 9: Structure of TNF-a (Eck & Sprang 1989)
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Table 4: Tumour necrosis factor superfamily. Adopted from Aggarwal et al. (2012)

Ligand name Expressed by Receptor Receptor name Expressed by
TNF-B Tumour necrosis  TNFSF1 Natural killer (NK) TNFR1 Tumour necrosis | TNFRSF1A  Haematopoietic and Yes
factor 3 cells (DR1) factor receptor 1 immune cells
T cells
B cells

TNFR2 Tumour necrosis ' TNFRSF1B | Immune and ECs

factor receptor 2

TNF-a Tumour necrosis TNFSF2 Macrophages TNFR1 Tumour necrosis TNFRSF1A  Immune and ECs Yes
factor a NK cells factor receptor 1
T cells
B cells

TNFR2 Tumour necrosis ' TNFRSF1B | Immune and ECs
factor receptor 2

LT-B Lymphotoxin 3 TNFSF3 Activated CD4* T LT-BR TNFRSF3 NK cells
cells CD4* T cells
Dendritic cells CD8" T cells
NK cell
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Table 4: continue

OX40L 0OX40 ligand TNFSF4 B cells 0OX40 TNFRSF4 Activated CD4* T cells
T cells Neutrophils
Dendritic cells
ECs
Smooth muscle
cells

CD40L TNFSF5 Activated CD4* T CDA40 TNFRSF5 B cells
cells Monocytes
NK cells Dendritic cells
Mast cells Thymic epithelium
Basophils Reed-Sternberg cells
Eosinophils

FasL Fibroblast- TNFSF6 Activated Fas (DR2) | Fibroblast- TNFRSF6 Epithelial cells Yes

associated splenocytes associated Hepatocytes
ligand Thymocytes Activated mature
Nonlymphoid lymphocytes
tissues
NK cells
DcR3 TNFRSF6B @ Lung cells
Colon cells
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Table 4: continue

CHAPTER 2

NK cells CD27
T cells

B cells

Mast cells

Smooth muscle

cells

Thymic  epithelial

cells

Activated T cells CD30
B cells

Monocytes

Granulocytes

Medullary  thymic
epithelial cells

B cells 4-1BB
Macrophages

Dendritic cells

TNFRSF7

TNFRSF8

TNFRSF9

Haematopoietic
progenitor cell
CD4 T cells
CD8 T cells

Reed-Sternberg cells

T cells
NK cells
Mast cells

Neutrophils
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Table 4: continue

TRAIL

Tumour necrosis | TNFSF10
factor related
apoptosis-

inducing ligand

NK cells

T cells

Dendritic cells

TRAILR1
(DR4)

TRAILR2
(DR5)

TRAILR3

TNFRSF10
related | A

Tumour necrosis
factor
apoptosis-

inducing

receptor 1

TNFRSF10
related B

Tumour necrosis
factor
apoptosis-
inducing

receptor 2

Tumour necrosis TNFRSF10
factor related C
apoptosis-
inducing

receptor 3

Most  normal

transformed cells

Most normal

transformed cells

Most normal

transformed cells

and | Yes

and  Yes

and
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Table 4: continue

RANKL  Receptor

activator of NF-

kB ligand

TWEAK Tumour necrosis | TNFSF12

factor related

weak inducer of

apoptosis

Thymic cells
Lymph nodes

Monocytes

TRAILR4

OPG

RANK

OPG

TWEAKR

Tumour necrosis
factor related
apoptosis-
inducing
receptor 4
Osteoclast
differentiating
factor

Receptor
activator of NF-
KB

Osteoclast
differentiating
factor

Tumour necrosis
factor related
weak inducer of
apoptosis

receptor

TNFRSF10
D

TNFRSF11
B

TNFRSF11
A

TNFRSF11
B

TNFRSF12
A

Most normal and

transformed cells

Most normal and

transformed cells

Osteoclasts
Osteoblasts

Activated T cells
Osteoclast precursors
ECs

ECs Fibroblasts
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Table 4: continue

APRIL A  proliferation | TNFSF13

inducing ligand

BAFF B-cell activating | TNFSF13

factor

Macrophages BCMA

Lymphoid cells

Tumour cells

TACI
T cells TACI
Monocytes
Macrophages

Dendritic cells

TNFRSF13
Al17

TNFRSF13
B

TNFRSF13
B

B cells
Peripheral T cells
Spleen

Thymus

Lymph nodes
Liver

Adrenals

B cells

Activated T cells
Peripheral T cells
Spleen

Thymus

Small intestine

B cells

Activated T cells
Peripheral T cells
Spleen

Thymus

Small intestine
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Table 4: continue

LIGHT TNFSF14

VEGI Vascular TNFSF15
endothelial cell-
growth inhibitor

T cells
Granulocytes
Monocytes

Dendritic cells

Epithelial cells

B cells
Macrophages

Dendritic cells

BAFFR

BCMA

LIGHTR

LT-Br

DR3

DcR3

TNFRSF13
C

TNFRSF17

TNFRSF14

TNFRSF3

TNFRSF25

TNFRSF6B

B cells

T cells

Spleen

Thymus

Small intestine

B cells

T cells

Spleen

Lymph nodes

T cells

B cells

Monocytes
Lymphoid cells
Nonlymphoid
haematopoietic cells
Stromal cells

NK cells Yes
CD4* T cells

CD8" T cells

Activated T cells
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Table 4: continue

GITRL Glucocorticoid- | TNFSF18 Human umbilical GITR TNFRSF18 CD4*CD25" T cells
induced vein cells

EDA-A1 Ectodysplasin A- Skin EDAR Ectodermal derivative
Al

EDA-A2 Ectodysplasin A- Skin XEDAR Ectodermal derivative
A2 Embryonic hair

follicles

Not TNFSF19 TROY TNFRSF19 Embryo skin

identified Epithelium

yet Hair follicles

Brain

Not TNFSF19 RELT TNFRSF19 | Lymphoid tissues

identified L L Haematopoietic

yet tissues

Not TNFSF21 DR6 TNFRSF21 T cells Yes

identified

yet

Not TNFSF16 NGFR TNFRSF16 @ Neuronal axons

identified Schwann cells

yet Perineural cells
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2.7.2 Expression and signalling

Monocytes or macrophages are the main producers of TNF-a (Wang et al. 2015; Hu et al.
2017). TNF-a is also produced to a lesser degree in lymphocytes, natural killer cells, mast
cells glomerular mesangial cells, astrocytes, fibroblasts and microglial cells of the brain, and
Kupffer's cells of the liver (Slebioda & Kmiec 2014; Hu et al. 2017). Several transcription
factors stimulate the expression of TNF-a, including interleukin-17 (IL-17), IL-1B, NFkB,
nuclear factor activated T cells and microbial lipopolysaccharides (Jovanovic et al. 1998;
Parameswaran & Patial 2010; Slebioda & Kmiec 2014). The TNF-a gene is found on the short
arm of chromosome 6 at position 21 (6p21) and has a length of 1585 baser pairs (bp) (Wang
et al. 2016). TNF-a is expressed as a transmembrane protein when newly synthesized.
Transmembrane TNF-a is capable of reverse-signalling, during which the signal is transmitted
from the receptor to the cell containing the transmembrane ligand mediating anti-inflammatory
activities (Blandizzi et al. 2014). In order to release the soluble homotrimer TNF-a into
circulation, the transmembrane ligand is cleaved by the proteolytic enzyme TACE, also known
as ADAM17 (Watts et al. 1999; Kalliolias & lvashkiv 2016). TNF-a binds to two receptors as
indicated in Table 4, TNFR1 (p55, CD120a) or TNFR2 (p75, CD120b) (Tartaglia & Goeddel
1992). The death domain is present in the cytoplasmic tail of TNFR1 (Zheng et al. 1995).

Signalling via TNF-a results in the following, as seen in Figure 10:

Activation of NF-kB

To activate NF-kB, TNF-a binds to TNFR1 and recruits TNFR-associated death domain
(TRADD), followed by TNFR-associated factor 2 (TRAF2) and receptor interacting protein
(RIP) (Hsu et al. 1996; Aggarwal et al. 2012). TGF-B-activated kinase 1 (TAK1) is then
recruited, followed by IkK kinase (IKK) complex. Two kinases, IKK1/IKKa and IKK2/IKKf, and
the regulatory protein, NF-kB essential modifier (NEMO) also known as IKKy make up the IKK
complex. The redox sensitive transcription factor NF-kB is bound to the nuclear factor-kBa
inhibitor (IkBa) in its inactive form. The IKK complex initiates activation of NF-kB through action
on the inhibitor. IkBa undergoes phosphorylation, addition of ubiquitin and degradation by 26S
protease. NF-kB is then formed as hetero- or homodimers of proteins p50 and/or p65.
Activation of NF-kB by TNF-a results in the regulation of proteins expressed in association
with cell survival and proliferation (Tedgui & Mallat 2006; Aggarwal et al. 2012; Brenner et al.
2015).
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Activator protein-1 (AP-1)

The transcription factor AP-1 consists of homodimers of protein Jun or heterodimers of Jun
(c-Jun, JunB, JunD) and Fos (c-Fos, FosB, Fra-1 and Fra2) proteins (Tedgui & Mallat 2006).
AP-1 can be activated by TNF-a through two pathways.

As in 2.8.1.a) above, TNF-a recruits TNFR1, followed by TRADD and TRAF2. Hereafter
mitogen activated protein (MAP)/ Extracellular signal-regulated kinase (ERK) kinase kinase 1
(MEKK1) and MAP kinase kinase 7 (MKKY) is recruited. The c-Jun is phosphorylated by c-
Jun NH2-terminal kinases (JNKs) which activates AP-1 which in turn activates cellular
proliferation (Tedgui & Mallat 2006; Aggarwal et al. 2012). In the second pathway TNF-a
recruits TRADD, TRAF2 and TAKL, followed by MAP kinase kinase 3 (MKK3). This results in
activation of P38 mitogen-activated protein kinase (p38MAPK) and consequently AP-1
(Aggarwal et al. 2012).

Apoptosis

When TNF-a binds to TNFR1, protein TNFR-associated death domain (TRADD) is recruited
through the DD region. Hereafter apoptosis can be achieved through two pathways. In one of
the pathways TRADD then recruits Fas-associated protein with death domain (FADD) (Hsu et
al. 1996). Caspase-8 and caspase-3 are consequently activated by FADD resulting in
apoptosis. In the second pathway TNF-a can signal the release of ROS, cytochrome ¢ and
Bax which in turn activates caspase-9 and caspase-3, resulting in apoptosis (Aggarwal et al.
2012; Brenner et al. 2015).

Extracellular signal-regulated kinase

The activation of ERK is through the recruitment of TRADD, TRAF2, RIP, TAK1 and MKK3/6
(Aggarwal et al. 2012).
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Figure 10: TNF-a signalling. Adapted from Tedgui and Mallat (2006); Aggarwal et al. (2012)

2.7.3 Physiology

The main function of TNF-a is the role it plays in mediating the inflammatory response. TNF-
a activates the vascular endothelium and it also stimulates the release of chemokines and
adhesion molecules proteion-1a, ICAM-1, VCAM-1 and E-selectin (Kalliolias & Ivashkiv 2016;
Hu et al. 2017). Anti-inflammatory activity of TNF-a through reverse signalling inhibits T cell
proliferation, inhibits pro-inflammatory cytokine release and mediates apoptosis (Blandizzi et
al. 2014).

Through signalling as described in 2.8.1. TNF-a activates caspase-3, AP-1 and NF-kB which
results in morphogenesis, differentiation and apoptosis. After priming of macrophages by IFN-
y, extracellular TNF-a can activate macrophages leading to enhanced TNFa-induced NFkB
activation (Parameswaran & Patial 2010; Aggarwal et al. 2012; Blandizzi et al. 2014). Through
the ERK signalling pathway, TNFa has been shown to enhance the survival of differentiated
osteoclasts (Lee et al. 2001; Yu et al. 2018).

Lipid metabolism is altered by TNF-q, as it increases lipolysis in adipocytes, increases free
fatty acids and decreases endothelial lipoprotein lipase activity (Pedersen 2017). Exposure of
fatty acids to the vascular endothelial leads to endothelial dysfunction and the uptake of
oxidized-LDL by macrophages (Chen et al. 2015; Ertunc & Hotamisligil 2016).
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Platelets express receptors TNFR1 and TNFR2, when TNF-a binds to these receptors it
activates platelets and causes coagulation (Page et al. 2018).

2.7.4 Methods of detecting serum TNF-a

The trusted method for TNF-a analysis is ELISA. An anti-human TNF-a antibody is adsorbed
onto a solid phase such as a microtiter well. If the sample that is added contains the
corresponding antigen, in this case human TNF-q, it will bind to the solid phase antibody. The
mixture is washed, leaving only the complexes on the solid phase. A biotin-conjugated anti-
human TNF-a antibody then binds to the TNF-a-antibody complex already formed on the
microwell, forming a “sandwich-complex” of antibody-antigen-antibody. The mixture is washed
once again to remove unbound antibodies. An enzyme substrate is added to react with the
enzyme-labelled antibody producing a coloured product. The colour intensity of the product is
measured using a colourimeter and is proportional to the concentration TNF-a in the sample.
Standards are measured to draw a curve and the concentration of the samples are read from
the curve (Immuno-Biological Laboratories International GmbH 2012b; Nimse et al. 2016; Rifai
et al. 2018). As mentioned in 2.6.4.1.a., the ELISA method is highly sensitive, though it is
expensive and requires a trained technologist.

2.7.5 Increased serum TNF-a

Although TNF-a was discovered due to its ability of causing tumour cell necrosis, its use as
cancer treatment is limited by the side effect of TNF systemic toxicity. On the other hand, TNF-
a is associated with cancer due to its ability to activate NF-kB, which enhances the expression
of genes that support tumour cell proliferation, invasion, angiogenesis and metastasis and
supress tumour cell apoptosis (Aggarwal et al. 2006; Kalliolias & Ivashkiv 2016). Interest in
TNF-a has increased in recent years, implicating this pro-inflammatory cytokine in
immunologic, cardiovascular, neurologic, pulmonary and metabolic disorders. Increased
serum TNF-a levels have been associated with traditional CVR factors (Cui et al. 2012;
Brenner et al. 2015). This protein acts on haematopoietic cells through activation of various

mitogen-activated kinases, resulting in proliferation of these cells (Hu et al. 2017).
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2.7.6 Increased serum TNF-a as a cardiovascular risk marker

Since inflammation mediates the formation of atherosclerosis and TNF-a is a role player of
inflammation, TNF-a is involved in the formation of atherosclerosis. TNF-a recruits monocytes
to the arterial sub-endothelial, affects lipid metabolism by reducing lipoprotein activity,
activates the endothelium to secrete cytokines and enhances further production of TNF-a (Cui
et al. 2012; Wang et al. 2015; Kalliolias & Ivashkiv 2016). In chronic inflammation these pro-
inflammatory activities of TNF-a are continuously leading to damage of the vasculature, and
ultimately resulting in atherosclerosis (Viola & Soehnlein 2015; Yurdagul et al. 2017). Several
studies have found an association between increased serum TNF-a levels and CVD (Mendall
et al. 1997; McKellar et al. 2009; Cui et al. 2012; Enayati et al. 2015; Pedersen 2017)

2.8 Interleukin-6

Interleukin-6 is a multifunctional pro-inflammatory cytokine, involved in inflammation as well
as haematopoiesis. Numerous names have been allocated to IL-6 in the past, each reflecting
the physiological activity of the cytokine discovered in the various previous studies (Simpson
et al. 1997; Kishimoto & Tanaka 2014; Masjedi et al. 2018). It was initially known as interferon-
B2 (INF-B2) as in a study during which Weissenbach et al. (1980) were able to clone its mMRNA.
The term 26K factor was used to describe it by Haegeman et al. (1986) and was initially only
thought to be a similar protein. In this study, the 26K factor was found to have identical
stimulatory conditions, molecular size, immunological properties and nucleotide-sequence,
but lacked the antiviral activity of INF-B2. The weak antiviral activity raised the opportunity to
further investigate the protein’s functions, leading to the discovery of the protein’s ability to
promote the growth of B cell hybridomas and plasmacytomas (Van Damme 1987). It was
termed B-cell stimulatory factor (Hirano et al. 1985), hybridoma growth factor and
plasmacytoma growth factor (Van Snick et al. 1986). IL-6 was also termed hepatocyte

stimulating factor as in studies conducted by Gauldie et al. (1987).

2.8.1 Physical characteristics

Interleukin-6 is a single-chain glycoprotein of 21-30 kDa molecular weight. The molecular
weight of IL-6 varies based on the cells from which it was produced and post-translation
modifications (May et al. 1988; Simpson et al. 1997; Ataie-Kachoie et al. 2014). It is made up
of a bundle of 4 a-helices in an up-up-down-down arrangement, meaning that helices A and
B in Figure 11 run in the same direction and helices C and D run in the same direction as seen

in Figure 11. The helices are joined together by long loops. There are two shorter helices,
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helix S1 and helix S2 found lying outside of the main 4 helix bundle (Somers et al. 1997,
Veverka et al. 2012; Ataie-Kachoie et al. 2014). The cytokine IL-6 consists of 184 amino acids
and has two potential N-glycosylation sites as well as four cysteine residues (Hirano et al.
1986). IL-6 undergoes modification after translation of the protein, in form of addition of
nitrogen (N)- or oxygen (O)-linked glycans (Simpson et al. 1997; Lokau et al. 2017).

K /helix S2
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L '\//

helix C
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\

Figure 11: Structure of IL-6 (Veverka et al. 2012)
2.8.2 Expression and signalling

All epithelial and ECs are able to produce IL-6, but it is mainly produced by immunological and
stromal cells. A cyclic AMP (cAMP) element, AP-1, C/EBPf or NF-IL6 as it is also known, and
NF-kB bind to the promotor region of the IL-6 gene to trigger IL-6 synthesis. The major trigger
of IL-6 transcription and secretion is NF-kB. (Ataie-Kachoie et al. 2014; Lokau et al. 2017). IL-
6 transcription can also be initiated by IL-1 and TNF-a (Zilberstein et al. 1986) bacterial
lipopolysaccharides, viruses, and growth factors such as epidermal growth factor, platelet-
derived growth factor and transforming growth factor-f The post-transcription expression of
IL-6 is limited by RNase regnase-1 which destabilizes mRNA via the 3’untranslated region to
inhibit translation. When IL-6 levels needs to be increased, IL-B and toll like receptors
phosphorylates RNase regnase-1 to allow translation of IL-6 (Uehata & Akira 2013). Another
post-transcription regulator of IL-6 is AT-rich interactive domain-containing protein 5A
(Arid5a). In contrast to RNase regnase-1, Arid5a stabilizes IL-6 mRNA through binding to the

3' untranslated region allowing IL-6 translation (Masuda et al. 2013).

The Human interleukin-6 gene has been reported to be located on 7p15-21 (Ferguson-Smith

et al. 1988; Ma et al. 2016). Transcription of the IL-6 gene locus results in the synthesis of the
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IL-6 precursor protein which is 212 amino acids in length. The precursor protein is cleaved to
remove the 28 amino acid long signal peptide from the 184 amino acid long mature segment
(Hirano et al. 1986; Ataie-Kachoie et al. 2014). After secretion of IL-6, it travels through the
circulatory system to the liver where it binds to inteleukin-6 receptors (IL-6R) on hepatocytes.
Neutrophils, T cells, B cells, megakaryocytes, monocytes, macrophages and dendritic cells
also express IL-6R (Ataie-Kachoie et al. 2014). IL-6 further stimulates secretion of acute phase
proteins such as CRP, a1-antitrypsin, a2-macroglobulin, fibrinogen, plasminogen and
complement proteins C3, C4 and CL1 inhibitor (Kishimoto 2006; Lokau et al. 2017).

A functioning IL-6R complex is a hexamer composed of two IL-6 polypeptide chains, two
soluble or transmembrane 80 kDa IL-6 ligand-binding receptors and two 130 kDa signal
transducers (gp130) (Hunter & Jones 2015). The transmembrane form of IL-6 and interleuikin-
6 receptor-a (IL-6Ra) complex binds with gp130 after stimulation and starts intracellular
signalling. This is the classical signalling pathway (Saito et al. 1992; Kishimoto 2006; Ataie-
Kachoie et al. 2014). IL-6 in complex with soluble IL-6 receptor (sIL-6R) can bind with gp130
to further trigger cellular events via the transmembrane domain of gp130; this is termed trans-
signalling (Jones et al. 2001; Ataie-Kachoie et al. 2014). Signalling through the classic
pathway results in anti-inflammatory activities, and IL-6 trans-signalling results in pro-
inflammatory activities (Masjedi et al. 2018).

There are three intracellular pathways in which activation can occur as indicated in Figure 12;
the Janus kinase/signal transducer and activator of transcription 3 (JAK/STAT3) pathway, the
Ras/mitogen-activated protein kinases (Ras/MAPK) pathway and the phosphatidylinositol-3-
kinase (PI3K)/Akt pathway (Askevold et al. 2014).

When IL-6 ligand binds to the IL-6R, it results in the homodimerization of gp130 (Masjedi et
al. 2018). This activation of gpl30 leads to the activation and phosphorylation of the
intracytoplasmic Janus kinase (JAK). Tyrosine residues of the IL-6R are then phosphorylated
by JAKSs, leading to the phosphorylation of signal transducer and activator of transcription-3
(STAT3) which contain phosphotyrosine SH2 binding domains. The STAT3 dimers that are
formed translocate to the nucleus, resulting in gene expression for cell growth, differentiation
and survival (Heinrich et al. 2003; Ataie-Kachoie et al. 2014).
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Figure 12: IL-6 signalling. Adapted from Masjedi et al. (2018)

The phosphorylation of JAK may also lead to the phosphorylation of tyrosine 759 residue on
the IL-6R which results in the involvement of the SH2 domain in the PI3K enzyme. PI3K
phosphorylates phosphatidylinositol-4,5-bisphosphate (PIP2) to phosphatidylinositol-3,4,5-
trisphosphate (PIP3). PIP3 then phosphorylates and activates serine/threonine kinase Protein
kinase B also known as Akt. The activated Akt mediates transcription of genes for cell survival,
proliferation and growth (Ataie-Kachoie et al. 2014; Masjedi et al. 2018).

In the Ras/MAPK pathway, the IL-6 ligand and IL-6R complex activates the small G protein
Ras. Activation of Ras leads to the hyperphosphorylation of mitogen-activated protein kinase
kinase kinase (MAPKKK) also known as Raf, followed by the phosphorylation and activation
of mitogen-activated protein kinase kinase (MAPKK) also known as MAPK/ERK kinase (MEK)
(Ataie-Kachoie et al. 2014). MEK then phosphorylates and activates of mitogen-activated
protein kinase (MAPK) also termed ERK. Activated MAPK in turn activates transcription
factors for cell growth, immunoglobulin synthesis and acute phase protein synthesis (Masjedi
et al. 2018).
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2.8.3 Physiology

Interleukin-6 has pro- and anti-inflammatory activities in the body. The major function of IL-6
is its role in inflammation and promoting the synthesis of acute phase proteins including CRP
and serum amyloid A; thus also playing a role in fever development (Ataie-Kachoie et al.
2014). IL-6 enhances B lymphocyte maturation and consequently the synthesis and secretion
of immunoglobulins (Igs) including IgM, 1gG and IgA (Hirano et al. 1986; Schett 2018).
Neutrophil recruitment is regulated by IL-6 during the inflammatory response through
chemokine production and leukocyte apoptosis, signalled via gp130 (Fielding et al. 2008).
Neutrophil recruitment leads to the production of inflammatory mediators such as cytokines,
prostaglandins, ROS and proteases (Ataie-Kachoie et al. 2014). IL-6 is also involved in T
lymphocyte activation and differentiation (Ataie-Kachoie et al. 2014). Cluster signalling of IL-
6, also known as IL-6Ra, by dendritic cells prevent the premature initiation of IFN-y expression
in T cells (Heink et al. 2017). IL-6 promotes the differentiation of native T cells to pathogenic
T helper 17 (TH17) cells and regulatory T cells (Schett 2018). IL-6 also induces endothelial
expression of adhesion molecules VCAM-1, ICAM-1 and E-selectin, and endothelial
production of MCP-1 (Barnes et al. 2011; Didion 2017). The migration and hypertrophy of
vascular smooth muscle cells are enhanced by IL-6 (Ataie-Kachoie et al. 2014; Didion 2017).
IL-6 also induces proliferation of vascular fibroblasts, contributing to arterial stiffness and
hypertension (Didion 2017).

Regenerative activities of IL-6 includes neurogenesis (Erta et al. 2012), hepatocellular
proliferation and osteoclast activation and differentiation (Schett 2018). IL-6 plays a role in
haematopoiesis, together with interleukin-3 (IL-3) stimulating the production of blast cell
colonies as well as macrophage and megakaryocyte differentiation (Heike & Nakahata 2002;
Ataie-Kachoie et al. 2014).
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2.8.4 Methods of detecting serum IL-6

An ELISA is the preferred and trusted method for IL-6 analysis. A monoclonal anti-human IL-
6 antibody is adsorbed onto the microwells solid phase. Upon addition of the sample
containing the corresponding antigen IL-6, it will bind to the solid phase antibody. The mixture
is washed, leaving only the complexes on the solid phase. A biotin-conjugated anti-human IL-
6 antibody then binds to the IL-6-antibody complex already bound to the microwell, forming a
“sandwich-complex” of antibody-antigen-antibody. Another washing step is used to remove
unbound antibodies. An enzyme substrate is added to react with the enzyme-labelled antibody
producing a coloured product. The colour of the product is measured using a colourimeter and
intensity thereof is proportional to the concentration IL-6 in the sample. A standards curve is
drawn from the results of measured standards and the concentration of the samples are read
from the curve (Immuno-Biological Laboratories International GmbH 2012a; Nimse et al. 2016;
Rifai et al. 2018). The advantages and disadvantages of an ELISA method are discussed in
2.6.4.a.i., though the method is highly sensitive, it is expensive and requires a trained
technologist.

2.8.5 Increased IL-6

In healthy individuals IL-6 is usually absent from body fluids and if it is present it constitutes a
few nanograms per millilitre if detectable. Increased serum levels of IL-6 has been shown in
the majority of diseases with an inflammatory component in the pathogenesis thereof,
including CVD (Lokau et al. 2017). Due to its inflammatory role, IL-6 has been associated with
rheumatoid arthritis, multiple sclerosis, Crohn’s disease, Castleman’s disease, adult onset
Still’'s disease, Alzheimer disease, juvenile idiopathic arthritis and multiple sclerosis (Ataie-
Kachoie et al. 2014; Schett 2018). IL-6 has also been linked to metabolic disorders including

insulin resistance, diabetes and obesity (Ghanemi & St-Amand 2018).

Increased levels of IL-6 in serum have also been associated with aging, implicating IL-6 in
inflammaging (Lin et al. 2014). Decreased cognitive ability is associated with increased IL-6
serum levels in elderly (Bezuch et al. 2019). IL-6 is associated with cancer as it promotes
tumour growth and therapeutic resistance through its mediation of proliferation, apoptosis,

metabolism, survival, angiogenesis and metastasis (Masjedi et al. 2018).
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2.8.6 Increased IL-6 as a cardiovascular risk marker

The major IL-6 transcription factor, NF-kB is synthesized via TNF-a signalling (Lokau et al.
2017). IL-6 in turn promotes the synthesis of CRP (Ataie-Kachoie et al. 2014) which has been
found to be a comprehensive marker of CVD (Mendall et al. 1997; Ridker et al. 1997; Ridker
2003; Abu-Farha et al. 2014; Ataie-Kachoie et al. 2014; Wang et al. 2016). IL-6 itself has been
proven to be a marker of CVD for its role it plays in inflammation leading to atherosclerosis
through endothelial activation, immune cell recruitment, vascular permeability, vascular
hypertrophy, vascular fibrosis and endothelial dysfunction (Ataie-Kachoie et al. 2014; Didion
2017).

2.9 Molecular Biology

2.9.1 IL-6 gene

The IL-6 gene (Gene ID: 3569) has been located to the short arm of chromosome 7 at position
15.3 (7p15.3) (MacLeod & Nagel 2011; National Center for Biotechnology Information 2019).
The gene has 6 exons and 5 introns as indicated in Figure 13. The exons are 375bp, 103 bp,
191 bp, 114 bp, 147 bp and 542 bp in length and the 5 introns are 920 bp, 162 bp, 1058 bp,
707 bp and 1745 bp in length (MacLeod & Nagel 2011). The functional promotor region of the
IL-6 gene has been the focus for studies on IL-6 polymorphisms (Giannitrapani et al. 2013;
Karaman et al. 2015; Ma et al. 2016).

1 R[3|4|5] 6

| |
1 63 701 1125

Figure 13: Interleukin-6 gene. (MacLeod & Nagel 2011)

2.9.2 C174G polymorphism

The C174G (rs1800795) polymorphism is a SNP mutation that causes a change from guanine
to cytosine at position 174 in the promotor region of the IL-6 gene as indicated in red G/C in
Figure 14 (Saxena et al. 2014; Yuepeng et al. 2019). In a study using HeLa cells, Fishman et
al. (1998)) proposed that the C allele on position 174 is a binding site for nuclear factor-1 which

supresses gene transcription in HelLa cells, but may not be the case for IL-6 transcription in
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all cells. This study also found correlating results in vivo with CC genotype that produced lower

levels of serum IL-6 compared to GC and GG genotypes.

The SNP has been proven to affect the transcription of IL-6, though studies are controversial
as to which genotype is the high producer. The variation can be attributed to differences in
ethnicity (Nadeem et al. 2013). Reviews in different ethnic populations have emerged with
varying results; in some populations an increase in serum IL-6 levels is associated with the
homogenous CC genotype, while in others increased serum IL-6 is associated with the G

allele in CG and GG genotypes (Giannitrapani et al. 2013; Nadeem et al. 2013).

Various diseases have been studied in association with the C174G polymorphism; again, the
findings vary based on different ethnic populations. In a review Nadeem et al. (2013) reported
an association between the C174G polymorphism (G allele) and type 2 diabetes mellitus
(T2DM) was present in Americans, Spanish Caucasians, Caucasian Danes, Taiwanese,
Gujarati Indians, Japanese and Germans; However other studies found no association in
Tunisians, Taiwanese, American, Japanese and Greek populations with the SNP. In another
study, Herbert et al. (2005) reported the risk of T2DM associated with the GG genotype was
lower relative to the GC and CC genotypes combined in American diabetic patients, whereas
(Mohlig et al. 2004) reported a more than fivefold increase in the risk of developing T2DM in
obese German subjects with the CC genotype than those with GG. Saxena et al. (2014)
concluded that the G allele is associated with the risk of T2DM in a north Indian population.
The C174G polymorphism has also been associated with other inflammatory diseases such
as periodontits (Teixeira et al. 2014), liver diseases (Giannitrapani et al. 2013), systemic lupus
erythrematosus (Katkam et al. 2017), irritable bowel syndrome (Dragasevic et al. 2017) and
Alzeimer’s disease (Yue et al. 2017). Cancers hepatocellular, colorectal, prostate, ovarian and
breast cancers, as well as Hodgkin’s lymphoma and neuroblastoma have been associated
with the C174G polymorphism (Ataie-Kachoie et al. 2014).

Previous studies which evaluated the prevalence of the C174G polymorphism South Africans
indicated that the C allele is the least common and the GG genotype the most common. The
C allele was found more prevalent in Caucasians, though still much less common than the GG
genotype (Meenagh et al. 2002; Phulukdaree et al. 2013; Joffe et al. 2014; Liu et al. 2015).
Global studies indicate a higher allelic frequency of the G allele in Africans and African
Americans, but also to an extent the majority of global studies. The GG genotype is reported
as the most prevalent, except in European populations who are reported to have the highest
prevalence of GC genotype (Giannitrapani et al. 2013; Mandal et al. 2014; Saxena et al. 2014;

Yuepeng et al. 2019). The frequency of the G allele also varies in populations of different

CHAPTER 2 Page 73



ethnic backgrounds, emphasizing the importance of population-based studies and will be
discussed further in 4.5.4. (Giannitrapani et al. 2013; Saxena et al. 2014).

600  AT(n)Polymorphism +
GRE2 GREI APl NRD CRE NRIL$ Nﬁ Tﬁ r’
I «— -174 G/C (rs1800795)
—_ —¢ -597 A/G (rs1800797)

SGGAGICACACACTCCACCTGGAGACGCCTTGAAGTAACTGCACGAAATTTGAGGATGGCCAGGCA 7, TTCTACAACAGCCGCT
CACAGGGAGAGCCAGAACACAGAAGAACTCAGATGACTGGTAGTATTACCTTCTTCATAATCCCAGGCTTGGGGGGCTGCGATGG
AGTCAGAGGAAACTCAGTTCAGAACATCTTTGGTTTTTACAAATACAAATTAACTGGAACGCTAAATTCTAGCCTGTTAATCTGGTC
ACTGAAAAAAAATTTTTTTTTTTTCAAAAAACATAGCTTTAGCTTATTTTTTTCTTTGTAAAACTTCGTGCATCACTTCAGCTTTACT
CTIGICAAGACATG* CCAAAGTGCTGAGTCACTAATAAAAGAAAAAAAGAAAGTAAAGGAAGAGTGGTTCTGCTTCTTAGCGCTA
GCCTCAATGACGACCTAAGCTGCACTTTTCCCCCTAGTTGTGTCTTGC / ATG* CTAAAGGACGTCACATTGCACAATCTTAATAAG
GITICCAATCAGCCCCACCCGCTCTGGCCCCACCCTCACCCTCCAACAAAGATTTATCAAATGTGGGATTTICCCTTTTCCCATGAG
TCTCAATATTAGAGTCTCAACCCCCAATAAATATAGGACTGGAGATGTCTGAGGCTCA

Figure 14: Promotor region of IL-6 with C174G polymorphism (Saxena et al. 2014)

2.9.3 Methods of detections

The detection and/or quantification of single nucleotide polymorphisms can be done using
molecular techniques such as polymerase chain reaction (PCR), hybridization and/or

sequencing. One of these techniques can be used or they can be used in combination.

2.9.3.1 Polymerase chain reaction

a) Principle

Polymerase chain reaction is an amplification technique used to increase the amount of a
target DNA sequence by synthetic in vitro methods for quantitative or qualitative analysis
(Burtis & Bruns 2015). PCR is the most commonly used amplification method and is
considered the gold standard for DNA or ribose nucleic acid (RNA) quantification (Khodakov
et al. 2016).

A PCR assay requires the target sequences, thermostable DNA polymerase, deoxynucleotide

triphosphates (ANTPs) of each base and a pair of oligonucleotides (primers) complementary
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to the opposite side flanking (preceding or following) the target sequences (Burtis & Bruns
2015).

The PCR assay is typically done in cycles of three steps, denaturation, annealing and
extension. The analysis is done in a thermocycler, which is automated to change the
temperature according to the three steps. Target double stranded DNA (dsDNA) is denatured
to single stranded DNA (ssDNA) through exposure to heat. Upon cooling, primers anneal to
the complementary sequence on the target DNA. The target DNA forms a template for DNA
polymerase to continue extending the primers by addition of dNTPs in a 3'to 5’'direction. The
cycle starts again with the denaturing of the DNA by heat, now two dsDNA templates are
denatured into 4 ssDNA. It is followed by a decrease in temperature to allow annealing and
then extension of the strand by DNA polymerase. As the cycle is repeated, the number of DNA
strands increase exponentially. The amplification products are then detected or quantified with

electrophoresis, sequencing or hybridization (Burtis & Bruns 2015).

b) Real-time PCR

denaluration

primer annealing
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Figure 15: Intercalating dyes in gPCR (Fraga et al. 2014)

Quantification is most commonly done with real-time PCR (qPCR). A dsDNA intercalating dye
such as SYBR ® green |, EvaGreen or ethidium bromide is added before amplification to allow
the analyser to detect hybridization of complimentary DNA strands as it occurs real-time during
amplification (Navarro et al. 2015). The dye is incorporated into minor grooves and is a non-
specific detector of DNA amplification as seen in Figure 15 (Fraga et al. 2014).This procedure

is done on a gqPCR analyser which has a thermal cycler with an integrated light source, a
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fluorescence detection system and software that displays the fluorescence detected as a DNA
amplification curve. Dissociation of the double strand is detected as a drop in fluorescence
(Burtis & Bruns 2015; Navarro et al. 2015).

Hybridization probes can be combined with PCR to quantify or detect a SNP. Hybridization is
based on the principle that synthetic probes with known nucleic acid sequences will hybridize
their complementary DNA strands. The hybridization probes will fluoresce when binding to the
complementary DNA during the annealing or extension step and the amount of fluorescence
is directly proportional to the amount of target sequence amplified during PCR (Navarro et al.
2015). The probes hybridize to the target DNA and are designed to do so in close proximity.
The reporter or quencher probe is excited by and emits light at a different wavelength than the
reporter or acceptor probe in order to differentiate between the two (Fraga et al. 2014). The
donor is excited by the light source, and if in close proximity to the acceptor it will excite the
accepter to emit light that is detected at a specific wavelength. This transfer is known as

fluorescence resonance energy transfer (FRET) (Kim & Kim 2012).

Analysis of SNPs using hybridization probes are done with melting curves. As the temperature
is increased the dsDNA will denature and will be detected via a decrease in fluorescence
(Navarro et al. 2015). Hybridization occurs when the complimentary strand binds to form a
stable duplex. Temperature is then used to melt or separate the DNA into two strands. When
the fluorophore-labelled probe is bound to perfectly matched complementary DNA the double
strand will denature at a higher temperature than those bound to mismatched DNA. The
temperature at which the dsDNA denature is known as the melting temperature (Fraga et al.
2014; Navarro et al. 2015).

Hydrolysis probes emits fluorescence when dsDNA is degraded during the extension phase.
The DNA polymerase such as Taq polymerase denatures the probe from the target DNA in a
5'-3' direction. The 5’ end of the probe is labelled with a fluorescent reporter molecule and the
3’ end is labelled with a quencher molecule. Upon binding of the probe to the complementary
strand the reporter and quencher are in close proximity, resulting in the quencher suppressing
fluorescence of the reporter. DNA polymerase cleaves the reporter during the extension
phase, as it is no longer in close proximity to the quencher the light emitted by the reporter
can be detected. The fluorescence is measured at the end of the extension phase and is

proportional to the amount of amplified target DNA (Navarro et al. 2015).
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Figure 16: Hybridization and hydrolysis probes in gPCR (Yilmaz et al. 2012)

Discrimination techniques such as electrophoresis and mass spectrometry used to

differentiate between two amplification products of PCR.

Gel electrophoresis can be used to separate and stain the PCR product on agarose or
polyacrylamide gels according to its molecular weight and size for detection or comparison to
standards for semi-quantification. Electrophoresis can be diagnostic for example in detecting
bacterial, viral or fungal DNA in a human sample. Ethidium bromide is a widely used
fluorescent stain for amplification products. Cyanine stains such as SYBR ® green | are also
popular because they only fluoresce when bound to nucleic acids. Electrophoresis also a
useful tool in quality control, to determine if a transcript product has formed and PCR was
successful (Burtis & Bruns 2015; Navarro et al. 2015).

To determine if a SNP is present, restriction endonucleases can be used to target a specific
sequence. If the sequence is present the DNA product will be cleaved into two shorter
fragments and if the target is not present it will maintain the same length. After cleavage the
products are separated via electrophoresis to determine if there are cleaved shorter products
present and/or longer initial amplification products. For example, if the DNA alteration prevents
cleavage by the endonucleases and is present as homozygous DNA only long uncut products
will be detected. If the DNA is heterozygous the long uncut amplification products and shorter
cleaved fragments will be detected. If the alteration is not present at all, endonucleases will
cleave all amplification products and only cleaved fragments will be detected (Burtis & Bruns
2015).
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Mass spectrometry may be used to discriminate DNA amplification products based on their
size. DNA including the variant site is amplified. The extension primer is then added to bind at
the polymorphic site for DNA extension. Termination of extension is accomplished by adding
3 dNTPs and one dideoxynucleotide (ddNTP) which will terminate extension, resulting in two
different product lengths based on the DNA template. The Matrix-assisted laser-desorption
time-of-flight (MALDI-TOF) mass spectrometry can then genotype sequence variants based

on their allele specific different molecular weights (Burtis & Bruns 2015).

c) Advantages

Real-time PCR is more accurate and has a higher molecular sensitivity than hybridization and
sequencing and it is done in a closed tube system which minimizes contamination. DNA
intercalating dyes in gPCR are less expensive than fluorescent probes (Navarro et al. 2015).
Agarose gels are able to separate smaller molecular products whereas polyacrylamide gels
separate molecular products with higher resolution than agarose gels (Burtis & Bruns 2015).

d) Disadvantages

The main disadvantage of PCR is the formation of primer dimer when analysing multiple DNA
sequences in one reaction (multiplex assays) or when primers attach to each other because
they have complementary bases. Enzymes used are sensitive to pH changes and thus require
a narrow range of acceptable buffers (Khodakov et al. 2016).

2.9.3.2 Hybridization

a) Principle

As discussed in 2.10.3.a.ii hybridization is most commonly used in conjunction with PCR;
however, current advances in sensor technologies may allow future use of hybridization
without PCR as a feasible alternative (Khodakov et al., 2016).

b) Advantages

Hybridization is a simple and robust method which allows multiplexing. The assay proceeds

in many buffer conditions (Khodakov et al. 2016).
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c) Disadvantages

Currently hybridization does not provide sufficient molecular sensitivity for practical use
without combining it with PCR (Khodakov et al. 2016).

2.9.4 C174G polymorphism and cardiovascular risk

The polymorphism C174G has been studied in various populations to determine its
association with CVD. As with the association of C174G with serum IL-6 levels, the results
published were not consistent (Reichert et al. 2016b). Differences in the outcomes can once

again be attributed to the different ethnic populations in which these studies were performed.

Various studies found an association between the presence of the C174G polymorphism and
CVD or increased CVR. The polymorphism has also been found to be associated with an
increased risk for further cardiovascular events in some populations (Reichert et al. 2016b)
and not associated with others (Yuepeng et al. 2019).

The majority of the studies on the association between the C174G polymorphism and CVD
were carried out in Asian and Caucasian populations. Mandal et al. (2014) found that the G
allele is more prevalent in African Americans. Literature lacks evidence of the prevalence and
association of the polymorphism with CVD in black, African populations. Epidemiologic studies
show a variation in the significance of C174G on the serum levels of different populations. If

this can improve the prevention of CVD in a specific population it will be noteworthy.

2.10 Conclusion

Since CVDs is a major non-communicable disease and cause of death, it demands to be
investigated with the target at risk prediction, disease prevention and improved treatment
(World Health Organization 2016b). As the major role player in the majority of CVDs, the
pathogenesis of atherosclerosis has been studied and proven to be a complex inflammatory
process (Viola & Soehnlein 2015). Vascular inflammation is not only triggered by risk factors
of CVD but also an undeniable feature of aging (Franceschi & Campisi 2014). As research
focused on the diverse role players of inflammation in atherosclerosis, it has become apparent
that ethnic background and demographics have to be taken into consideration for risk profiling

of populations for CVDs (Yusuf et al. 2014; Benjamin et al. 2017; Yuepeng et al. 2019).
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CHAPTER 3
MATERIALS AND METHODS

3.1 Introduction

Inflammation has been established as the underlying mechanism of cardiovascular disease
(CVD), particularly for the role it plays in the development atherosclerosis (Ross et al. 1977;
Fredman & Tabas 2017). The relationship between inflammatory markers and CVD have thus
been studied and HS-CRP, IL-6 and TNF-a found to be risk markers of inflammation (Jenny
et al. 2002; Pearson et al. 2003; Cui et al. 2012; The Interleukin-6 Receptor Mendelian
Randomisation Analysis Consortium 2012; Ziv-Baran et al. 2017). The physiology of aging
causes a low-grade inflammation and this phenomenon is known as inflammaging. The
resultant chronic low-grade inflammatory state of the elderly increases their risk for CVD
(Franceschi & Cossarizza 1995; Badimon et al. 2016; Franceschi et al. 2017).

The correlation between IL-6 serum levels and the C174G polymorphism has been proven to
have various outcomes in different populations (Giannitrapani et al. 2013; Nadeem et al. 2013;
Ramirez Garcia 2017). With CVD as the leading cause of non-communicable diseases, it is a
priority to research improved risk profiling, possible prevention or treatment specific aspects
(World Health Organization 2016b). Research on single nucleotide polymorphisms (SNPs)
and their relationship to CVD is a growing focus area in the field of CVD. Further research is
needed to establish genomic profiles in different populations (Fiatal & Adany 2017; van der
Ende et al. 2017). This chapter will discuss the methods used in the study, as well as the

principles behind them.

3.2 Ethical Consideration

As mentioned in chapter 1, the study formed part of a multi-disciplinary Sharpeville Integrated
Nutrition Programme managed by the Centre of Sustainable Livelihoods at VUT. The
nutritional programme was ethically approved by University of the Witwatersrand,
Johannesburg (M070126), and the study of cardiovascular risks with its related genetic

polymorphisms was approved by the ethics committee of VUT (20140827-1ms).

The study was conducted within the Constitution of the Republic of South Africa, Act 108 of
1996 Section 12(2)(c), which states: “Everyone has the right to bodily and psychological

integrity, which includes the right not to be subjected to medical or scientific experiments
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without their informed consent” (Constitutional Assembly 1996). Ethical guidelines according
to South African Medical Research Council (SAMRC) were followed and incorporates the
guidelines of:

o National Health Act 61 of 2003, Ethics in Health Research: principles, structures and
processes: Department of Health 2015 (South African Department of Health 2003)

e Council for International Organizations of Medical Sciences (CIOMS) guidelines
(Council for International Organizations of Medical Sciences & World Health
Organization 2016)

e Declaration of Helsinki (World Health Organization 2001 2001)

The SAMRC Guidelines to the Responsible Conduct of Research promote four basic
principles of biomedical ethics. Autonomy being the first means that all research should be
conducted with respect for the person and with human integrity. The research should be
beneficial to the research participants. The research should be conducted with non-
maleficence, absence of harm to the research participants. Lastly it should be just, with equal
distribution of risks and benefits between communities (South African Medical Research
Council 2018).

3.3 Sampling Strategy
3.3.1 Sample size

A total of 84 samples were collected on the same day (within 2 hours) from the elderly
volunteers at the day-care centre in Sharpeville who met the inclusion criteria. To determine
the sample size required to evaluate the prevalence of C174G polymorphism in the
Sharpeville population, the sample size calculation for qualitative variables was used
(Naduvilath et al. 2000; Charan & Biswas 2013). Based on previous studies in black South
African populations, the expected proportion of the population to have the C allele is 2%
(Meenagh et al. 2002; Phulukdaree et al. 2013; Joffe et al. 2014).

_ Ly_qp ’p (1-p)
= 5
Z1.a2 = 1.96 (5% type 1 error, P<0.05)
p = 0.02 (2% expected proportion in the population)

d = 0.05 (precision/absolute error)
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Therefore:

_ 1.96% x 0.02 (1-10.02)
B 0.052

n

n= 30

A minimum of 30 samples were required for a significant statistical representation of the black
Sharpeville community for the determination of the C174G polymorphism prevalence.
However, as part of the collaborative study the total of 84 samples collected from volunteers
were analysed in this study.

3.3.2 Inclusion criteria

Participants included in the study met the following criteria:

a) Participant aged 60 years or older

b) Voluntary attendants of the Sharpeville day care centre

¢) Informed consent given

d) Participants suffering from conditions that characterise cardiovascular risk markers such

as diabetes and hypercholesterolemia will not be excluded from the study.

3.3.3 Exclusion criteria

Persons who were not able to provide substantial information to complete the consent process

due to conditions like dementia were excluded from this study.

3.4 Study Design

The research was conducted in the field of Biomedical Sciences. The study quantitative, cross-
sectional, analytical observational design (Fathalla & Fathalla 2004). It involved collection of
samples from volunteers in a purposively selected population. A total of 84 samples were

collected but not all samples were of sufficient volume to perform all the tests.

3.5 Data Collection

Data was collected by a research team as part of the collaborative study with CSL. Health
Professionals Council of South Africa (HPCSA) registered medical technologists, a qualified
dietician, qualified phlebotomist, HPCSA registered student medical technologist and trained
field workers were involved with data collection at the day care centre in Sharpeville. The

collaborative study entails blood pressure, weight and height measurements as well as a
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panel of blood parameters. This study will only report on HS-CRP, TNF-a, IL-6 and C174G
analysis. Fieldworkers explained the aim, objectives and methodology of the study to
participants in Sotho, which is the home language of the majority of residents in Sharpeville
(Statistics South Africa 2011). They also assisted volunteers who wanted to participate in the
study with the written informed consent (Annexure E). Participants were treated sensitively,

helpfully and with respect to ensure their dignity. All actions, at all times were non-maleficent.

The data collection procedure as indicated in Figure 17 started with ethical approval as well
as approval form management of the day care centre to conduct the study. A numbering
system was used in order to ensure that participants are unknown to the laboratory personnel,
as well as to the data analyst to assure confidentiality of the participants at all times. A specific
number was allocated to each individual on the control list. A file which contained
guestionnaires and blood collection tubes (in a re-sealable clear plastic bag) and was labelled
with the corresponding number was given to the participant by the field workers. Participants
rotated between the allocated stations (anthropometric, questionnaires and phlebotomy)
Fasting blood samples were collected by a trained phlebotomist using a vacutainer system
from the vena cephalica. Two 7 ml samples of clotted blood were collected from each
individual to obtain serum samples for analysis, and one 5 ml ethylenediaminetetraacetic acid
(EDTA) sample for whole blood analysis. Blood samples were placed in a cooler box +8°C
and protected against direct sunlight. The individuals were requested to return to their initial
starting point, where files were handed in and the control list verified to assure that all the
data collection processes were completed. The participants were then served breakfast.

Participant Blood
Volunteers allocated a collected

Approved: sign number, file and placed

+Ethical informed N mmmmd | and test tubes | ) in re-

v Management consent have sealable
(translated corresponding bag.
into Sotho) number.

Technologist
analyse blood
Results captured in (in compliance
M5 Excel and with SANAS ”
statistician analyses (o requirements) | ¢ Transported in
data using SPSS using number cool box (+8°C)
software. only, not aware away from
of patient direct sunlight.
identity.

Figure 17: Figure showing steps in data collection for this research.
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3.6 Blood Analysis

Samples were transported to the laboratory in the cooler boxes, protected from direct sunlight.
The serum separator tube (SST) samples were centrifuged at 3000 rpm for 10 minutes, and
aliquoted into test tubes labelled with the corresponding sample number. The EDTA samples
were used for DNA extraction upon arrival at the laboratory. The DNA was then stored in 2 ml
Eppendorf tubes labelled with the corresponding sample number. Serum samples were stored
at -20°C and extracted DNA at -80°C until analysis was performed. Standard laboratory
procedures were followed in order to comply with South African National Accreditation System
(SANAS) requirements, including procedures performed to ensure reliability and validity for

each analyte.

3.6.1 High sensitivity C-reactive protein analysis

3.6.1.1 Principle

High sensitivity C-reactive protein was measured using an automated microparticle enhanced
immunoturbidimetry procedure. Immunocomplexes form when CRP in buffered serum
samples combine with microparticles coated with anti-human CRP (sheep) in the reagent. The
absorbance was measured at 540 nm when the reaction reached its end-point. The change
in absorbance measured is directly proportional to the concentration of CRP in the serum

sample (Thermo Fisher Scientific 2011).

3.6.1.2 Method

Serum samples were analysed with the clinical chemistry auto-analyser, Thermo Scientific
Konelab™ 20 (Massachusetts, United States) using Thermo Scientific CRP High Sensitivity

reagent kits and controls.

3.6.1.3 Validation

The analyser was calibrated using the HS CRP Calibrator included in the Konelab™ kit with a
value of 11.81 mg/L. The true value of CRP was assigned using the International Federation
of Clinical Chemistry and Laboratory Medicine (IFCC) CRM 470 as the primary reference. The
autoanalyzer used the standard curve obtained from the calibration to calculate results. The

detection range was 0.25-40 mg/L. CRP High Sensitivity Controls for were run and
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documented daily, and upon opening and using a new reagent (Thermo Fisher Scientific
2011).

3.6.1.4 Reference range for high sensitivity C-reactive protein

Serum HS-CRP levels of less than 1 mg/L is considered a low risk of CVD. A HS-CRP level
of 1-3 mg/L indicates a medium/average risk, and levels greater than 3 mg/L a high risk.
Patients with HS-CRP levels >5mg/L have the highest risk of CVD (Pearson et al. 2003;
Shrivastava et al. 2015b). Those with medium risk have a 50% greater CVR than those with
who fall within the low risk. Having high risk for CVD based on HS-CRP, means having a risk

twice as large as those at low risk (Salazar et al. 2014).

3.6.2 Tumour necrosis factor alpha analysis

3.6.2.1 Principle

The Immuno-Biological Laboratories Co. Ltd (IBL) International enzyme-linked
immunosorbent TNF-a assay kit contains microwell plates with anti-human TNF-a antibody
adsorbed onto the microwells. During incubation of samples and standards in these wells,
human TNF-a binds to the antibodies coating the microwells. A biotin-conjugated anti-human
TNF-a antibody then binds to the TNF-a-antibody complex already formed on the microwell.
Unbound antibody is removed through washing. Streptavidin-HRP is added, which binds to
the biotin-conjugated anti-human TNF-a antibody during incubation, and excess is removed

through washing (Immuno-Biological Laboratories International GmbH 2012b).

Biotinyl-tyramide is added to the wells, starting the amplification phase. After incubation
excess biotinyl-tyramide is removed. Streptavidin-HRP is added converting biotinyl-tyramide
into highly reactive free radicals, it is incubated, and excess removed through washing.

Substrate solution (tetramethyl-benzidine) with HRP is added.

A coloured product is produced, and the colour intensity is directly proportional to the
concentration of TNF-a is the sample or standard. The reaction is stopped by addition of 1M
phosphoric acid and read immediately at 450 nm (Immuno-Biological Laboratories
International GmbH 2012b).

CHAPTER 3 Page 85



3.6.2.2 Method

Serum TNF-alpha concentration in the samples were measured using the manual TNF-alpha
high sensitivity ELISA kit form IBL International GmbH (Hamburg, Germany). Manual
preparation was done using calibrated pipettes, plate washing was done using the EMP W206
Microplate Washer (Sichuan, China) and the Rayto RT-2100C Microplate Reader (Shenzhen,

China) was used to read the absorption.

3.6.2.3 Validation

Highly purified recombinant human TNF-a which was evaluated using the International
reference standard National Institute for Biological Standards and Control (NIBSC) 87/650
was used to calibrate the immunoassay. Seven standards with concentrations 20.00 pg/ml,
10.00 pg/ml, 5.00 pg/ml, 2.50 pg/ml, 1.25 pg/ml, 0.61 pg/ml and 0.31 pg/ml were measured in
duplicate to obtain a standard curve. The standard curve was used to determine the
concentration of the controls and samples measured. Low and high TNF-a controls were run
in duplicate and within the reference range (Immuno-Biological Laboratories International
GmbH 2012b).

3.6.2.4 Reference range for tumour necrosis factor alpha

The normal reference range for IL-6 was 0.00 - 3.22 pg/mL (Immuno-Biological Laboratories
International GmbH 2012hb)

3.6.3 Interleukin-6 analysis

3.6.3.1 Principle

The IBL International enzyme linked immunosorbent IL-6 assay kit contains a microwell plate
with monoclonal anti-human IL-6 antibody adsorbed onto the microwells. Upon incubation the
IL-6 present in the standard or sample that is added to the microwells will bind to the antibody
coating the microwells. A biotin-conjugated anti-human IL-6 antibody then binds the human
IL-6-antibody complex bound to the microwell during incubation. Excess unbound biotin-
conjugated anti-human IL-6 antibodies are removed by washing. Streptavidin-HRP is added
and binds to the biotin-conjugated anti-human IL-6 antibody during incubation, and excess is

removed through washing.
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The amplification phase is achieved by adding biotinyl-tyramide to the wells, excess is
removed after incubation. Streptavidin-HRP is added which converts biotinyl-tyramide into
highly reactive free radicals during incubation, and excess reagent removed through washing.
Substrate solution (tetramethyl-benzidine) containing reactive HRP is added and incubated.

A coloured product develops, the intensity of the colour being directly proportional to the
concentration of IL-6 present in the sample or standard. The reaction is stopped by adding 1M
phosphoric acid and read immediately at 450 nanometre (nm) (Immuno-Biological

Laboratories International GmbH 2012a).

3.6.3.2 Method

Serum samples were used to measure IL-6 using the manual Interleukin-6 high sensitivity
ELISA kit form IBL International GmbH. Calibrated pipettes were used for manual preparation,
plate washing was done using the EMP W206 Microplate Washer and the absorption was
read with the Rayto RT-2100C Microplate Reader.

3.6.3.3 Validation

The immunoassay was calibrated with highly purified recombinant human IL-6, evaluated
against and equivalent to the International reference standard NIBSC 89/548. Seven
standards with concentrations 5.00 pg/ml, 2.50 pg/ml, 1.25 pg/ml, 0.63 pg/ml, 0.31 pg/ml, 0.16
pg/ml and 0.08 pg/ml were measured in duplicate. A standard curve was derived from the
calibrators and used to determine the concentration of the controls and samples measured.
Low and high IL-6 controls were run in duplicate and within the reference range (Immuno-

Biological Laboratories International GmbH 2012a).

3.6.3.4 Reference range for interleukin-6

The normal range for interleukin-6 concentration in serum was 1.1 - 14.3pg/mL (Immuno-

Biological Laboratories International GmbH 2012a).
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3.6.4 C174G polymorphism

3.6.4.1 Principle

The SNP genotyping assay is made up of a locus-specific PCR reaction to detect the C174G
(rs1800795). After unwinding double stranded DNA to form a template, the segment of DNA
containing the IL-6 gene is multiplied using forward
(ACGTTGGATGAGCCTCAATGACGACCTAAG) and reverse
(ACGTTGGATGGATTGTGCAATGTGACGTCC) primers. The resultant product is extended
by a single base extension using mass-modified dideoxynucleotide terminators of an
oligonucleotide primer (GTGACGTCCTTTAGCAT) that anneals at the polymorphic site
(Herbert et al. 2005).

The MALDI-TOF mass spectrometer measures the mass of the extended primer in order to
identify the SNP. The DNA extension products crystallize within the matrix of the SpectroCHIP.
Upon radiation of the extension products, molecules undergo desorption and ionization. This
results in positively charged DNA molecules accelerating up the vacuum tube towards a highly
sensitive detector. The speed of the molecules is inversely proportional to the mass of the
individual extension products, the lightest ions will reach the detector first. The software
processes the time-of-flight and differentiates the variants by their mass, producing a mass

spectrum (Agena Bioscience Inc 2018).

3.6.4.2 Method

DNA was extracted from EDTA samples according to manufacturer’s instruction using the
Quick-DNA™ Universal kit manufactured by Zymo Research (California, United States).
Genomic DNA samples of 20 nanogram per microlitre (ng/ul) were prepared using the kit. The
following primers and probes were purchased form Ingaba Biotech (Pretoria, South Africa) at

concentrations of 10 pM:

RS1800795 W1 _Forward: ACGTTGGATGAGCCTCAATGACGACCTAAG
RS1800795 W1 _Reverse: ACGTTGGATGGATTGTGCAATGTGACGTCC
RS1800795 W1 Extension: GTGACGTCCTTTAGCAT

Polymerase chain reaction amplification of the target loci involves amplifying that specific
fragment of genomic DNA, which was then genotyped on the Agena MassARRAY (San Diago,
United States) platform. Multiplex PCR cocktail was prepared according to Table 5.
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Table 5: Multiplex PCR cocktail

Reagent Concentration in 5pl Volume (1 run)
Nanopure water N/A 1.8 uL
10x PCR Buffer with 20mM 1 (2 mM MgCl.) 0.5 uL
MgCl;
MgClz (25 mM) 2 mM 0.4 pL
dNTP mix (25 nM each) 500 uM 0.1 pL
Primer mix (500 nM each) 100 Nm 1.0 puL
PCR enzyme (5 U/uL) 1.0 U per run 0.2 pL
Total volume 4.0 L

MgCl. = Magnesium chloride, dNTP = deoxy nucleotide triphosphate, millimolar (mM)

nanomolar (nM), Units per microlitre (U/uL)

After centrifuging 4 pL of multiplex cocktail and 1 pL extracted DNA together in the 96-well

microtiter plate, the PCR was performed using the temperature cycles in Table 6.

Table 6: PCR temperature cycles

Step Temperature Duration Phase

1 94 °C 2 minutes Initial denaturation
2 94 °C 30 seconds Denaturation

3 56 °C 30 seconds Annealing

4 72°C 60 seconds Extension

5 Repeat step 2 — 4 for 45 cycles

6 72°C 5 minutes Final extension

7 4°C Continued

The enzyme Shrimp Alkaline Phosphatase (SAP) was used to clean up remaining primers.
SAP dephosphorylates unused dNTPs through cleavage of the phosphate group from the 5’
terminal. The SAP enzyme solution was made up of nanopore water, SAP buffer and SAP
enzyme according to follows indicated in Table 7.

Table 7: SAP solution

Reagent Volume per run

Nanopure water 1.53 pL
SAP Buffer 0.17 pL
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SAP enzyme (1.7 U/pL) 0.30 pL
Total volume 2.00 pL

After addition of 2 yL SAP solution to each microwell, the temperature cycles were run

according to Table 7.

The PCR clean-up was ran at cycles of 37 °C for 40 minutes, 85 °C for 5 minutes and 4 °C
continued. After PCR clean-up, the primer extension reaction cocktail was added to the
amplification products for the single-base extension reaction, vortexed and then centrifuged.

This solution contained the reagents and volumes stipulated in Table 8.

Table 8: Primer extension reaction cocktail

Reagent Concentration in 9 pL Volume per run
Nanopure water N/A 0.619 pL
iPLEX Buffer Plus (10x) 0.222X 0.200 pL
iPLEX Termination mix 1x 0.200 pL

Primer mix (8 uM: 10 uM: 15 ' 0.52 uM:1.04 pM: 1.57 uM 0.940 L
HM)
IPLEX enzyme 1x 0.041 pL
Total volume 2000 pL
Micromolar (UM)

The temperature program in Table 9 was used for thermocycling conditions.

Table 9: Primer extension temperature program

Step Temperature Duration Phase

1 94 °C 30 seconds Initial denaturation
2 95°C 5 seconds Denaturation

3 52°C 3 seconds Annealing

4 80 °C 3 seconds Extension

5 Repeat step 3 — 4 for 5 cycles

6 Repeat step 2 - 4 for 60 cycles

7 72°C 3 minutes Final extension

8 15°C Hold

CHAPTER 3 Page 90



To optimize mass spectrometry analysis, a resin was added to the primer extension reaction
products to remove salts such as sodium, potassium and magnesium ions according to
manufacturer’s instructions. The resultant product was then transferred to the SpectroCHIP
for analysis by the MALDI-TOF. The SpectroCHIP is a silica chip with matrix spots that allows
dispensing of nano-volumes through capillary action.

The extended products were measured using the MassARRAY Compact mass spectrometer

and Agena real-time detection software.

3.6.4.3 Validation

A no-template control was included in every PCR reaction to detect false positive reactions.
To prevent contamination and ensure optimal amplification, filter tips were used and discarded
after use (not re-used). A clean laboratory coat was worn, clean gloves and all work surfaces

were cleaned with 70% ethanol and 5% sodium hypochlorite solution.

3.6.4.4 Results interpretation for C174G polymorphism

The following genotypes were detected; GG (homozygous normal), CG (heterozygous) and
CC (homozygous mutant) and the Hardy-Weinberg exact test reported.

3.7 Data Analysis

After analysis of the samples, raw data was captured on Microsoft Excel. The IL-6 and TNF-a
concentration of samples were calculated from a standard curve in Microsoft Excel. Data was
imported to IBM SPSS® Statistics version 25 software for descriptive and inferential statistical
analysis as well as figures. Medians, interquartile ranges, coefficients of variance and

correlations were reported.

3.8 Conclusion

The study aimed to evaluate the inflammatory profile of the elderly population in Sharpeville,
in order to contribute to population specific CVR profiling. The study was conducted in a
representative sample of the population as calculated using the power calculation. Ethical
procedures were followed throughout the study, taking care to ensure autonomy,
beneficence, non-maleficence, respect and confidentiality. Good laboratory practice was

applied in all procedures.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1. Introduction

The aim of this study was to evaluate the prevalence of the C174G polymorphism, in
correlation with the inflammatory biomarkers, HS-CRP, TNF-a and IL-6 as CVR markers in
elderly black South Africans. The inflammatory markers, tumour necrosis factor-alpha,
interleukin-6 and high sensitivity C-reactive protein, were examined to evaluate the
inflammatory status. These inflammatory markers have been associated with an increased
risk for CVD in other populations (Pearson et al. 2003; Biasillo et al. 2010; Hartupee & Mann
2013; Ofstad et al. 2013; Yu et al. 2016). The results will be presented, analysed and
discussed in this chapter using graphs and inferential statistics.

4.2. Socio-Demographic

The 37599 residents of Sharpeville live in 12170 households (Statistics South Africa 2011). A
poverty rate of 43.1% was determined using the Slabbert’'s method which compares the
individual households poverty line with the total income of that household (Sekatane 2013). In
a study conducted by Grabler (2015) on the Sharpeville day care attendees it was reported
that all participants received state pension which is the main source of income in the majority
of the households. Grobler determined that nearly all participants lived in brick houses and all
of them had access to safe water, sanitary facilities and waste removal. Food insecurity was
also reported in the Sharpeville population. Of the 84 participants in this study, 15 (18%) are
male and 69 (82%) are female which correlates to the gender ratio distribution of the above
mentioned study (15% males and 85% females). Grobler (2015) also found that although 63%
of participants did seek medical attention at the clinic when required, 64.3% had to walk to the
clinic. Of all the CVR markers, the clinic only tested blood pressure and capillary glucose.

4.3. Quality Assurance

Instruments were calibrated and controls were run together with samples. Kits were calibrated
by the manufacturer using NIBSC standards as discussed in Chapter 3. Samples were
accepted when controls were within the normal range as indicated in Table 10, which were
supplied by the manufacturers. The means of controls were calculated and compared to the

target means, control results also adhered to Westgard rules and coefficient variations (CVs)
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were less than 15%. The CV for HS-CRP was 4.17%, TNF-a was 8.5% and for IL-6 was 6.0%
as per table 11.

Table 10: Quality control results

Control Range (pg/mL) Target mean (pg/mL) Actual mean (pg/mL)
TNF-a low 15-50 33 38.709

TNF-a high 250 - 750 500 503.031

IL-6 low 4-10 7 5.314

IL-6 high 50 - 150 100 83.162

PCR No-template Negative Negative

control

Table 11: Quality assurance statistics

Biomarker Coefficient variation
(CV)

HS-CRP Immunoturbidimetry 4.17%

TNF-a ELISA 8.5%

IL-6 ELISA 6.0%

4.4. Results

4.4.1. High sensitivity C-Reactive protein

The results have been analysed using IBM SPSS ® Statistics 25. The HS-CRP results were
positively skewed (2.475) as indicated by the bell curve in Figure 18. The skewness was also
confirmed by the Shapiro-Wilk normality test (p=0.000). The data was leptokurtic (7.745) as
seen in Figure 18 and there was a high frequency of distribution around the median with a

heavy tail towards the right with outliers.
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Figure 18: Frequency distribution histogram of HS-CRP concentrations

The outliers (* indicates results above 3SD) were confirmed and can also be clearly visualized
in Figure 19 on boxplot. The boxplot also illustrates the HS-CRP median of 6.44 mg/L and the
interquartile range (IQR) of 2.82 - 9.86 mg/L. The median was in the category of highest risk

for CVD.
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Figure 19: Boxplot of HS-CRP concentrations with the median and interquartile range
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The results were clustered into the different risk categories and illustrated in Figure 20. The
low risk category (<1 mg/L) consists of 15.5% (n=13) of participants, 9.5% (n=8) fall within
the medium risk category (1 — 3 mg/L) and 15.5% (n=13) fall within the high risk category
(3.01 - 5 mg/L). As indicated with red in the pie chart, 59.5% (n=50) of participants were at
very high risk (>5mg/L) of developing CVD (Pearson et al. 2003; Shrivastava et al. 2015a).

Low risk [<Tmg/L)

Medium risk (1-3mg/L)

High risk (3.01-5mgfL)
B very high risk (=5mg/L)

9.5%

15.5%

Figure 20: Pie chart of HS-CRP concentrations clustered into risk categories

4.4.2. Tumour necrosis factor alpha

As indicated in Figure 21, TNF-a results were positively skewed (6.519). The Shapiro-Wilk
normality test confirmed skewness (0.000). The leptokurtosis (43.446) can be seen on the
histogram with a bell curve. This is due to the majority of results being below 2 pg/mL, with
two outliers at 34.9 pg/mL and 56.4 pg/mL.
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Figure 21: Frequency distribution histogram of TNF-a concentrations

As seen in Figure 22, majority of the results were distributed around the median of 0.00 pg/mL
(green line). The two outliers were omitted from the scatterplot to better visualize sample

distribution. The interquartile range of TNF-a was 0.00 — 0.05 pg/mL.
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Figure 22: Scatterplot of TNF-a concentrations around the median excluding outliers
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The pie chart in Figure 23 illustrates the distribution of results according to the normal range.
Majority of results, 97.4% (n=74) fall within the normal TNF-a range of 0.0 - 3.22 pg/mL. Only
2.6% (n=2) of results were high, and 8 samples had insufficient serum for analysis of TNF-a.

2.6%

I Normal (0-3.22pg/mL)
M High (>3.22pg/mL)

Figure 23: Pie chart of clustered TNF-a concentrations

4.4.3. Interleukin-6

The bell curve in Figure 24 shows IL-6 results were skewed positive (3.683). The skewness
was confirmed by the Shapiro-Wilk normality test (0.000). The graph also illustrates
leptokurtosis (16.085) which indicates the high frequency of results around the median with a
heavy tail resulting from outliers.

CHAPTER 4 Page 97




40

Frequency

—_— —_—
0000 5.0000 10.0000 15.0000 20.0000

IL6 (pgiml)

Figure 24: Frequency distribution histogram of IL-6 concentrations

The median (green line) of 1.92 pg/mL is indicated in figure 25 and falls within the normal

range of 1.1 — 14.3 pg/mL. The interquartile range for IL-6 was 0.99 — 2.79 pg/mL.
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Figure 25: Scatterplot of IL-6 concentrations around the median
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The pie chart illustrates 26.3% (n=20) of the participants had low serum IL-6 concentrations.
A total of 71.1% (n=54) of participants had IL-6 concentrations within the normal range of 1.1
—14.3 pg/mL. The category at risk of CVD with a high IL-6 serum concentration comprised of
2.6% (n=2) of participants.

Low (<1.1pgfmL)
I Mormal (1.1-14.3pg/mL)
B High (>14.3pg/mL)

Figure 26: Pie chart of clustered of IL-6 concentrations

4.4.4. C174G polymorphism

In the sample population only one participant (1.4%) had the heterozygous genotype CG.
There were no participants with the CC genotype and as indicated in Figure 27, 98.6% (n=69)
of participants had the homogenous GG genotype. The chi-squared P value was 0.95 which
is higher than 0.05 and therefore consistent with the Hardy-Weinberg equilibrium.
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Figure 27: Pie chart — frequency distribution of C174G polymorphism
4.4.5. Correlations

Correlations were analysed in IBM SPSS Statistics version 25 using the Spearman’s rho (also
known as Spearman's rank correlation coefficient) since HS-CRP, TNF-a and IL-6 results were
not distributed normally. A probability (p) value of less than 0.05 was considered a significant
correlation. There was a correlation between HS-CRP and IL-6, with a p-value of 0.001. No
correlation was found between HS-CRP and TNF-a. There was also a correlation between IL-

6 and TNF-a with a p-value of 0.048, as seen in Table 13.

Table 12: Correlation coefficient values for HS-CRP, IL-6 and TNF-a
HS-CRP TNF-a IL-6

* correlation is statistically significant at (p< 0.05)

The medians of the GG genotype participants are compared to the medians of the participant
with the CG genotype in Table 14, using listwise exclusions.
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Table 13: Median values of HS-CRP, IL-6 and TNF-a for GG and GC alleles (listwise

exclusion)

GG GC

HS-CRP 6.32mg/L 4.13mg/L

The medians of both the GG and GC genotypes for HS-CRP fall within the very high risk

category. The medians for TNF-a and IL-6 for both genotypes fall within the normal ranges
of these analytes. Though a very small percentage of participants had the C allele, the
prevalence is supported by literature and the serum IL-6 levels of the different genotypes
were correlated. Though the medians for serum HS-CRP and IL-6 serum for the GG group
were higher than that of the GC group, the difference is not significant (p = 0.623 and p =
0.627, respectively).

45, Discussion

The study aimed to determine the prevalence of the C174G polymorphism in an elderly black
South African population. It also determined the inflammatory status of the population by
measuring not only the serum HS-CRP concentration of participants, but also serum TNF-a
and IL-6 concentrations. The study further correlated the genotypes of the polymorphism with
serum IL-6 concentrations. There are significant variations in the prevalence of CVR factors
in populations of different ethnicity, demographics and environmental factors, highlighting the

need for population-based risk analysis (Kurian & Cardarelli 2007; Graham 2014).

As an independent CVR marker, HS-CRP was measured to determine the inflammatory state
of the sample population. The median CRP concentration of 6.44 mg/L was within the category
at very high risk of CVD with 75% of the population at high or very high risk for CVD. The
results confirm the findings of Grobler (2015) that this population is at risk for CVD due to their
inflammatory state, who reported the mean concentration of this population to be 6.28 mg/L
with 68% of the population at high or very high risk of developing CVD. It is noted that the
inflammatory status of this elderly population has worsened since the study conducted by
Grobler, the mean HS-CRP has increased and there was an increase in the prevalence of
individuals at high or very high risk of CVD. In another study conducted in the South West
Township of Johannesburg in South Africa the majority of the African participants of the Nguni

and Sotho chiefdoms were also reported to be low risk (25.2), moderate risk (18.1%) and high
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risk (56.7%) of developing CVD based on their elevated HS-CRP levels (Redelinghuys et al.
2011).

The Profiles of Obese Women with Insulin Resistance Syndrome (POWIRS) study which was
performed on urban African women and Caucasian women found that though CRP levels were
elevated in both ethnic groups; however, more so in African women compared to Caucasian
women (Tolmay et al. 2012). Black South Africans also had a higher risk of CVD based on
increased serum HS-CRP levels than Caucasian South Africans in the South African
investigation on the role of Sex, Age and Ethnicity on Insulin sensitivity and Cardiovascular
function (SAfrEIC) study (Kruger et al. 2013) and the Sympathetic Activity and Ambulatory
Blood Pressure in Africans (SABPA) study (van Vuren et al. 2016). Black South Africans are
at higher risk of CVD based on increased HS-CRP serum levels than their Caucasians
counterparts in the same demographic setting. Thus, HS-CRP is a risk marker which is
influenced by ethnic background more than demographics. This once again emphasizes the

need to risk profiling that incudes environmental, demographic, ethnic and genetic factors.

A study conducted in South African children also reported a higher median HS-CRP in African
than in Caucasian children. In comparison to this study, the black South African children have
a lower median HS-CRP than the elderly black South Africans. These results are supported
by literature which shows that Africans overall have higher serum levels of HS-CRP due to
ethnic or genetic factors. The elderly population has an even higher HS-CRP level due to the
presence of an additional CVR factor, inflammaging (Rensburg et al. 2012).

High-Sensitivity C-reactive protein is a CVR marker that should not be ignored as highlighted
in the South African component of the international Prospective Urban and Rural Epidemiology
(PURE) study, in which it was concluded that increased serum CRP levels correlated with
cardiovascular death and the means of non-survivors were higher than the mean serum levels
of the survivor (Botha 2015). It can thus be utilized as an independent marker for CVR
especially in black and elderly individuals. The fact that both the elderly population and the
African population is at the highest risk based on their inflammatory status as measured by
HS-CRP, should be a very important focus point in CVD prevention and treatment by health

professionals of South Africa.

As found in this study, various studies globally reported that the median HS-CRP of African
American participants was elevated (Effoe et al. 2015; Lin et al. 2016). Previous studies in
other populations, worldwide, found that the serum HS-CRP of African Americans was higher

than those of Caucasian participants (Slopen et al. 2010; Windham et al. 2016) and the
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median was higher than that of European participants (Halcox et al. 2014). This may be

attributed to the ethnic link between African Americans and black South Africans.

A study conducted in South African participants with a low-grade inflammatory state (CRP >
3 mg/L) reported that Africans had higher fibrosis values, but lower serum IL-6 and TNF-alpha
levels than Caucasians (Jansen van Vuren et al. 2016). This study also found that the serum
IL-6 of 1.92 pg/mL and TNF-a of 0.00 pg/mL are normal in the sample population, even though
the population had an increased risk of CVD. Therefore, this suggests that these factors could

be used as independent CVR markers in black South Africans.

Other studies that were conducted globally reported higher serum IL-6 and TNF-a levels in
African Americans than in Caucasians and with higher means than that of the elderly
Sharpeville population (Slopen et al. 2010; Pine et al. 2016; Windham et al. 2016). In a study
conducted in Europe on elderly participants which compared myocardial infarction (MIl) and
stroke cases with controls, it was reported that the mean serum TNF-a of the MI cases were
significantly (p < 0.001) higher than the controls and it was higher than that found of the black
elderly Sharpeville population. Stroke cases had higher IL-6, but not higher serum CRP levels
than the controls (Jefferis et al. 2009) . Taking these studies and the current study into
consideration it can be reasoned that IL-6 and TNF-a might be more susceptible to
behavioural, environmental, social factors or demographics than HS-CRP, as these are not
linked to ethnicity.

In a study by (Jefferis et al. 2009), TNF-a showed a positive association (p < 0.05) with IL-6
and CRP. TNF-a in this study did not correlate with HS-CRP and IL-6, which may suggest that
TNF-a does not increase when CVR occurs in the black South African population as found in
global studies (Cui et al. 2012; de Gonzalo-Calvo et al. 2012).

A study evaluated prevalence of the C174G polymorphism in cases of spontaneous abortion
and controls in South African females, of the controls 211 (74%) had the genotype GG, 63
(22%) had genotype GC and 10 (4%) had genotype CC. Of the participants, 171 (20%) had
the GG genotype, 95 (34%) had GC genotype and 18 (6%) had CC genotype (Liu et al. 2015).
Though the study did not report race, the high prevalence of GG genotype and low prevalence
of GC fairly relates to the Sharpeville population. A study conducted in 86 randomly selected
pure descendants of the Nguni speaking Zulu’s in Kwa-Zulu Natal South Africa reported that
only one participant (1.2%) had the C allele in the GC genotype and none of the participants
had the CC genotype (Meenagh et al. 2002). Another study reported that only 2% of the young
African males studied had the C allele (Phulukdaree et al. 2013). Joffe et al. (2014) conducted
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a study using African and Caucasian obese and normal weight participants (age 18-45 years)
in Cape Town, South Africa. A total of 97% of African participants had the GG genotype, 3%
the GC genotype and none the CC genotype. Of the Caucasian participants, 26.5% had the
GG genotype, 55.5% had the GC genotype and 18% had the CC genotype. The current study
in the black Sharpeville population also found that 1.4% had GC genotype and none had the
CC genotype. These results support literature in that genetic and ethnic diversity plays a role

in allele frequencies.

Ibrahim et al. (2017) found that 57% of Egyptian adolescent participants had the GG genotype
and 43% had the GC genotype. In a study evaluating the prevalence of genetic polymorphisms
in systemic lupus erythematosus, the genotypes of the normal controls reported to be 75.6%
GG, 23.5% GC and 0.9% CC. (Talaat et al. 2016). The prevalence distribution of alleles in

Africans resembles that of South Africa as the prevalence of the CC genotype is also very low.

The Cardiovascular Health Study (CHS) reported that the genotype distribution of African
Americans (aged 65 years and older) resemble that found in South Africa. The majority of
African American participants (85%) had the GG genotype, followed by the GC genotype
(15%) and no participants had the CC genotype (Jenny et al. 2002). A study performed in the
USA using 138 African Americans and 140 Caucasians reported a similar genotype
distribution. The African American participants primarily (74%) had the GG genotype, 22%
had the GC genotype and 6% had the CC genotype. A highly significant difference (p=0.0001)
was observed in the Caucasian participants of which 19% had the GG genotype, 34% had the
GC genotype and 17% had the CC genotype (Mandal et al. 2014). The genetic similarity in

allelic distribution can be observed between South Africans, Africans and Africans Americans.

Adler et al. (2016) reported the prevalence of the C174G polymorphism in a Polish sample
population of 297 participants aged 63.5 + 5.9 years. Of the 297 participants, 81 (27%) had
the GG genotype, 147 (50%) had GC genotype and 69 (23%) had CC genotype. The results
correlate with a study conducted in a Polish population by Popko et al. (2008) in which 44
(25%) participants had the G genotype, 86 (48%) had the GC genotype and 49 (27%) had the
CC genotype. A study in an Irish population by Meenagh et al. (2002) reported 30 participants
with the GG genotype, 45 participants with the GC genotype and 22 participants with the CC
genotype. Reichert et al. (2016a) performed a study using 895 participants in central Germany
of which 29.7% had the GG genotype, 48.8% had the GC genotype and 21.5% had the CC
genotype. This indicates that Europeans had the highest prevalence of the GC genotype.

iGiannitrapani et al. (2013) reported that Asian populations have a lower frequency of the C
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allele than Caucasian populations. In a north Indian population, the CC genotype was rare,

and GG was most prevalent (Saxena et al. 2014).

In a meta-analysis of the C174G polymorphism and susceptibility to CVD it was reported that
ethnic differences had an effect on heterogeneity. Their evaluation of the polymorphism in
Asian and Caucasian populations showed that the GG genotype is the most prevalent in both
ethnicities, followed by less prevalent GC genotype and the least prevalent CC genotype.
(Yuepeng et al. 2019). The same pattern of prevalence was reported by Barartabar et al.

(2018) for the Irian population.

Not only is there a similarity between the allelic distribution of South Africans, Africans and
African Americans, but to an extent the majority of global studies. Global studies also showed
a higher prevalence of the G allele except in Europeans who had highest prevalence of GC

genotype.

The C174G, leading to the substitution of guanine with cytosine at position —174 has had
varying effects on serum levels of IL-6 in different populations. The relationship of the C174G
polymorphism with increased or decreased serum IL-6 levels different amongst ethnic groups
as well as geographical regions (Fishman et al. 1998; Ma et al. 2016).

A study performed in young male African and Indians in South Africa reported that participants
with CC genotype had higher serum IL-6 levels than other genotypes. Healthy Indian controls
in this study showed significantly (p=0.0001) higher serum IL-6 levels for participants with the
CC genotype compared to that of GC and GG genotypes (Phulukdaree et al. 2013).

Jenny et al. (2002) reported that the C allele showed a trend (p=0.163) towards increased
serum IL-6 and no significant difference was observed between IL-6 serum levels of
Caucasians and African Americans in the CHS cohort. Bezuch et al. (2019) found no
significant differences between the plasma IL-6 levels of participants with the GG genotype
and C allele carriers of a European population. Another study in a European population also
found no significant difference in the serum IL-6 level of the different genotypes (Mohlig et al.
2004). On the contrary a study performed in the United Kingdom, Fishman et al. (1998) found
that Caucasian participants with the GG genotype had serum IL-6 levels almost twice that of
the participants with GC genotype. In support, Popko et al. (2010b) also reported the highest
serum IL-6 levels in control group participants with the GG genotype, lower IL-6 levels in those
with the GC genotype and the lowest serum IL-6 levels in participants with homozygous CC.

The overall serum IL-6 levels of the obese group were higher than that of the control group.
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In a meta-analysis performed by Bashashati et al. (2017), there was no significant difference
in the prevalence of the C allele in controls and irritable bowel syndrome cases. However,
there was a significant difference in the serum IL-6 level between experimental and control
samples. The researchers concluded that the increased serum IL-6 levels are not caused by
the presence of the C or G allele, but rather the presence of irritable bowel syndrome itself.
Similarly, Testa et al. (2006) reported that the C allele did not contribute to increased serum
IL-6 in a study of an Italian population, but rather that the presence insulin resistance resulted
in increased serum IL-6 levels. The results of the current study suggest that the high producer
IL-6 genotype was the GG genotype in the black elderly Sharpeville population. However, it

should be taken with caution as only one participant had the GC genotype.

As supported by the literature review, the results from other studies performed globally shows
evidence that elderly individuals have a higher risk of CVD based on their increased
inflammatory state caused by physiological changes of aging. This is also evident in the
current study, emphasizing the importance of inflammatory markers during CVR profiling of
an elderly individual. These studies also shed light on the ethnic and genetic links between
populations when risk profiling CVD, with a clear link between black or African populations
who have a higher inflammatory profile than the European descendants. The allelic distribution
once again relates to that of studies in populations of similar ethnicity. The varying outcomes
of the high or low IL-6 producing genotypes in different populations emphasizes the realization
of the complexity of CVR of the numerous factors involved. Though the role of genetics in CVR

is undeniable, so is that of behavioural, demographic and environmental factors.

4.6. Conclusion

The median serum HS-CRP of 6.44 mg/L of the elderly black Sharpeville population fell within
the highest risk (>5mg/L) of CVD. A total of 75% of participants were at high (3.01-5 mg/L) or
very high (>5mg/L) risk of CVD based on their HS-CRP results. The median TNF-a was within
the normal range (0.0-3.22 pg/mL) and only 2.6% of participants had high serum TNF-a levels.
The median serum IL-6 level also fell within the normal range (1.1-14.3 pg/mL) with only 2.6%

of participants having high serum IL-6 levels.
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Only one participant had the C allele as heterozygous GC, which is consistent with findings in
other African populations. The median serum IL-6 level of the homozygous GG group (6.51
mg/L) was higher than the 4.13 mg/L IL-6 of the heterozygous GC participant. A significant
(p=0.001) correlation was found between HS-CRP and IL-6 of the elderly black Sharpeville
population.
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

5.1. Introduction

Through addressing the aims and objectives, the findings of this study brought insight to the
prevalence of the C174G polymorphism and inflammatory status of the elderly black South
African population of South Africa. Together with the literature review it also highlighted the
role that ethnicity and genetics play in risk profiling of CVD in different populations. With CVD
as the major cause of deaths in non-communicable diseases it is important to study factors
affecting CVD in all the different populations, regardless how big or small, rich or poor, young
or old (World Health Organization 2016b). Risk profiling of the elderly black South African
population in Sharpeville is even more valuable taking into consideration that the majority of
these elderly individuals are living in poverty, yet they are the heads of households and

caregivers of children (Grobler 2015).

5.2. Researcher’s Contribution

This study was conducted as a part of a multidisciplinary, multi-nutritional programme of the
CSL at VUT under the leadership of Prof W.H. Oldewage-Theron. The team of which the
researcher was part during this study included a nutritionist, dietician, phlebotomists,
statistician and medical technologists. Funding was acquired through National Research
Foundation for the various studies focussing on cardiovascular disease as a component of the
programme, under leadership of Dr C.J. Grobler. Ethical clearance was obtained from VUT

and WITS as mentioned in Chapter 1.

The researcher is a HPCSA registered medical technologist and took responsibility for the
planning, analysis and reporting of this study, starting with problem identification, study design
and proposal writing. The researcher was also involved in application for funding of the study.
Furthermore, the researcher contributed in planning of fieldwork and took part in data
collection during fieldwork. The researcher is personally responsible for blood analysis and
received technical guidance form Dr. J. Lebea at Council for Scientific and Industrial Research
(CSIR). Data analysis and statistical interpretation of results were performed by the researcher
with use of IBM SPSS® Statistics version 25 software. With guidance of the supervisor Dr C.J.
Grobler, the researcher analysed and interpreted the results, wrote this dissertation towards
obtaining MTech Biotechnology qualification and wrote articles to be published in future. The

researcher presented a component of the findings at the Medical Laboratory Professionals
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(MLP) congress in 2015 and submitted an abstract for presentation at the MLP congress in
2019.

5.3. Limitations of the Study

Phlebotomists experienced some challenges during blood collection resulting in some
samples having insufficient sample volume for all parameters, HS-CRP was performed on the
total 84 samples, TNF-a and IL-6 had 76 samples and the C174G analysis for performed using
70 samples. The missing samples were addressed through pairwise exclusion of data in
analysis of correlations. Though samples were less for C174G prevalence determination, the
number of samples analysed were more than the minimum number of 30 samples required

based on the sample size calculation as indicated in 3.3.1. of the dissertation.

Gender-based comparisons were not done in this study due to the unequal gender distribution

of participants. Only 18% of participants were male, compared to the 82% female participants.

The study did not take into consideration the presence of inflammatory diseases such as
arthritis or use of anti-inflammatory medication in the study population, which could affect the
serum level of inflammatory markers. Other CVR factors such as smoking, diabetes, increased
cholesterol and hyperhomocysteinaemia among others which contribute to increased

inflammatory state were also not considered in the study.
The evaluation of median serum IL-6 levels based on the genotype was done with only one
participant that had the C allele, compared to the 69 participants with homozygous GG
genotype. However, the low prevalence of the C allele corresponds to literature.
5.4. Main Findings
The main findings of this study are outlined as follows:
5.4.1. Problem and setting
e The elderly population has grown worldwide in past years and is expected to continue

growing substantially, with the rate of population growth in developing countries

surpassing that of developed countries (Chatterji et al. 2015; United Nations 2015b).
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5.4.2.

Itis common in South Africa that households with three generations rely on the pension
income of an elderly due to lack of resources (Oldewage-Theron & Slabbert 2010; van
der Pas et al. 2015).

The number of elderly headed households increased by 5.6% from 14,6% in 1996 to
20,2% in 2011 (Statistics South Africa 2014).

The elderly population of Sharpeville lives in poverty (Grobler 2015).

The elderly Sharpeville population are at risk of CVD as the majority are overweight or
obese and have increased serum HS-CRP (Oldewage-Theron et al. 2015).

The C174G polymorphism plays a role in IL-6 production, though the prevalence and
stimulatory effects thereof varies in studies done in different populations (Kumar et al.
2015).

Published data on the prevalence of the C174G polymorphism in black South Africans
is very limited (Meenagh et al. 2002; Phulukdaree et al. 2013; Joffe et al. 2014).

Literature review

Cardiovascular diseases are the leading cause of deaths globally (World Health
Organization 2016b).

The term CVDs refers to a group of diseases which affect the heart and vascular
system (World Health Organization 2011).

The majority of CVDs are caused by atherosclerosis, an inflammatory process which
results in plague formation in the coronary arteries and decreased blood supply to the
heart due to failed resolution of inflammation (Viola & Soehnlein 2015).
Cardiovascular risk factors such as smoking, hyperglycaemia, dyslipidaemia,
hyperhomocysteinaemia, hypertension and old age act as atherogenic stimuli,
triggering the inflammatory response through endothelial injury, leading to plaque
formation and atherosclerosis (Park & Park 2015).

The physiological changes caused by aging, especially in the vascular endothelium
increases the risk of CVD in elderly.

Atherosclerosis and plaque formation are characterized by endothelial dysfunction,
vascular inflammation and accumulation of modified lipids, inflammatory cells and
cellular debris in the plagues within the vascular wall (Viola & Soehnlein 2015).
Different risk prediction formulae are used to determine a patient’s risk of developing
CVD, the common systems currently used are the Framingham Risk Score, Reynolds

Risk Score and the Systematic Coronary Risk Evaluation (Liao & Solomon 2013).
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o Risk factors are classified as modifiable or non-modifiable based on the premise that
an individual can change the presence/effect of the risk factor (Douglas & Channon
2014).

e Cardiovascular risk markers used to evaluate CVR factors include physical biometric
measurements and biochemical measurements (Mensah 2013).

o Population based risk stratification are important not only as genetic factors that
influence CVR, but also environmental factors (Kumar et al. 2015).

¢ Inflammation is a process protecting against infective and tissue injury, with the end
result being healing. However, when inflammation becomes chronic or is not resolved,
it causes damage (Franceschi & Campisi 2014).

e Inflammatory mediators are responsible for initiation, intensification and resolution of
inflammation (Porth 2015).

o Changes due to aging places the elderly in a chronic state of low grade inflammation,
which has become known as “inflammaging” (Franceschi et al. 2000a).

e C-reactive protein is an acute phase protein, primarily synthesized by the liver in
response to IL-6 stimulation and to a lesser extent TNF-a (Thiele et al. 2015).

¢ Even slight increases in serum CRP levels, within the ranges which were previously
thought to be normal, were associated with the risk of developing CVD (Ridker et al.
1997; Salazar et al. 2014).

e The term HS-CRP is used when referring to testing CRP levels with sensitivity below
5 mg/L to detect low grade inflammation (Ziv-Baran et al. 2017).

o Elevated serum levels of CRP have been proven to be an independent risk marker of
CVD (Greenland et al. 2010; Abu-Farha et al. 2014).

e TNF-a is a cytokine that primarily exerts pro-inflammatory functions, though it also
performs anti-inflammatory functions (Blandizzi et al. 2014).

e Increased serum TNF-a has been associated with traditional CVR factors and CVD
(Mendall et al. 1997; Cui et al. 2012).

e The cytokine IL-6 is a pro-inflammatory cytokine which plays a major role in the
production of acute phase reactants, especially CRP (Ataie-Kachoie et al. 2014).

e Increased serum IL-6 levels have been associated with CVD (Mendall et al. 1997,
Didion 2017).

e The C174G (rs1800795) polymorphism is a single nucleotide polymorphism (SNP) at
position 174 in the promotor region of the IL-6 gene, the mutation causes a change
from guanine (G) to cytosine (C) (Yuepeng et al. 2019).

Reviews in different ethnic populations have emerged with varying results as to which

genotype is regarded as the high producer of IL-6. In some populations an increase in
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serum IL-6 levels is associated with the homozygous CC genotype, while in others
increased serum IL-6 is associated with the G allele in CG and GG genotypes (Nadeem
et al. 2013).

5.4.3. Methodology

e This study was ethically approved and applied principles of autonomy, beneficence,
non-maleficence and equal distribution of risk throughout the study.

e The sample size was greater than the minimum sample size required to determine the
statistical significance of the prevalence of the polymorphism in the sample population,
as calculated using the power calculation.

e The study was performed on volunteers of 60 years and older who gave consent to
participate during their attendance at the Sharpeville day care centre and did not suffer
from any conditions which prevented them from given the required information for this
study.

¢ The study was quantitative, cross-sectional, and analytical observational design.

e Serum HS-CRP was measured using the Thermo Scientific Konelab™ 20 chemistry
auto-analyser, IL-6 was measured using the IBL International enzyme linked
immunosorbent IL-6 assay, TNF-a was measured using the IBL International enzyme-
linked immunosorbent TNF-a assay kit and detection of the C174G polymorphism was
done with PCR, MassARRAY Compact mass spectrometer and Agena real-time
detection software.

e Raw data was captured on Microsoft Excel and imported to IBM SPSS® Statistics

version 25 software for descriptive and inferential statistical analysis.

5.4.4. Results and interpretation

The median serum level of HS-CRP was found to be 6.44 mg/L (IQR 2.82 - 9.86 mg/L), which
fell within the category of very high risk for CVD. The median serum TNF-a level was within
the normal range of 0.0-3.22 pg/mL and measured at 0.00 pg/mL (IQR 0.00 — 0.05 pg/mL).
The median serum IL-6 level also fell within the normal range of 1.1 — 14.3 pg/mL and was
found to be 1.92 pg/mL (IQR 0.99 — 2.79 pg/mL).

Determination of the prevalence of the C174G polymorphism resulted in the genotype
distribution as follows, 98.6% of participants had the homozygous GG genotype, 1.4% had
the heterozygous CG genotype and no participants had the homozygous CC genotype.
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Though a very small percentage of participants had the C allele, the prevalence is supported
by literature and the serum IL-6 levels of the different genotypes were correlated. The median
serum IL-6 level of the homozygous GG group (6.51 mg/L) was higher than the 4.13 mg/L IL-
6 of the heterozygous GC participants, however, the difference in IL-6 should be considered
with caution as only one participant had the C allele. There was a statistically significant
(p=0.001) correlation between HS-CRP and IL-6 of the elderly black Sharpeville population.
There was also a correlation between IL-6 and TNF-a (p=0.048), but there was no correlation
between HS-CRP and TNF-a.

5.5. Conclusion and Recommendations

In conclusion the elderly black South African population residing in Sharpeville are in an
increased inflammatory state. Being in a state of increased inflammation places these elderly
residents at risk of CVD. There is a low prevalence of the C174G polymorphism C allele in the
study population; therefore, it should be considered with caution that the more prevalent G
allele is indicated as the higher producer of serum IL-6 ion this population. The study achieved
its aim of evaluating the prevalence of the C174G polymorphism, in correlation with the
inflammatory biomarkers, HS-CRP, TNF-a and IL-6 as CVR markers in the elderly black
Sharpeville population. Quality measures and good laboratory practices were implemented to
ensure reliable and reproducible results. The outcome of the study will be communicated to

the Sharpeville day care centre management and attendees.

Itis recommended that from this study, that future studies include a questionnaire to determine
the presence of other inflammatory conditions in the elderly and the presence of other CVR
factors including but not limited to smoking, hypertension, diabetes and dyslipidaemia which
could be the underlying cause of inflammation. Further studies should also take into
consideration the use of anti-inflammatory medication. From the results of the study it is
recommended that further studies be done as intervention studies to decrease the
inflammatory state of the elderly. Further studies should be conducted in South African
populations similar to the elderly Sharpeville population where elderly are the breadwinners
and caregivers, to motivate policy changes for the use of more accurate CVR profiling markers

to be used at clinics.
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Annexure E
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Annexure F

Informed Consent Form

Person to contact in the event of any problems or queries:

Dr C.J. Grobler Prof W.H. Oldewage-Theron

016 950 9210 016 930 5085

Statement of agreement to participate in the research study:

I (full name), ID number

, have read this document in its entirety and understand

its contents. Where | have had any questions or queries, these have been explained to me

by (fieldworker name) to my satisfaction. Furthermore,

| fully understand that | may withdraw from this study at any stage without any adverse
consequences and my future health care will not be compromised. |, therefore, voluntarily

agree to participate in this study.

Name: Signature:
Date:
Researcher’'s Name: Signature:
Date:
Witness Name: Signature:
Date:

Page 119



REFERENCE LIST

Abu-Farha, M., Behbehani, K. & Elkum, N. 2014. Comprehensive analysis of circulating adipokines and
hsCRP association with cardiovascular disease risk factors and metabolic syndrome in Arabs.
Cardiovasc Diabetol, 13(76.

Adler, G., Skonieczna-Zydecka, K., Madlani, A., Ogonowski, J., Grochans, E., Pierzak-Sominka, J.,
Brodowski, J. & Karakiewicz, B. 2016. Association between depression, parameters of adiposity and
genetic polymorphisms of pro-inflammatory cytokines: IL-1alpha, IL-1beta, IL-2 and IL-6 in subjects
over 55 years old. Acta Biochim Pol, 63(2):253-9.

Afonina, I.S., Muller, C., Martin, S.J. & Beyaert, R. 2015. Proteolytic Processing of Interleukin-1 Family
Cytokines: Variations on a Common Theme. Immunity, 42(6):991-1004.

Agena Bioscience Inc 2018. MassARRAY System.

Aggarwal, B.B., Gupta, S.C. & Kim, J.H. 2012. Historical perspectives on tumor necrosis factor and its
superfamily: 25 years later, a golden journey. Blood, 119(3):651-65.

Aggarwal, B.B., Kohr, W.J., Hass, P.E., Moffat, B., Spencer, S.A., Henzel, W.J., Bringman, T.S., Nedwin,
G.E., Goeddel, D.V. & Harkins, R.N. 1985. Human tumor necrosis factor. Production, purification, and
characterization. J Biol Chem, 260(4):2345-54.

Aggarwal, B.B., Shishodia, S., Sandur, S.K., Pandey, M.K. & Sethi, G. 2006. Inflammation and cancer:
how hot is the link? Biochem Pharmacol, 72(11):1605-21.

Agra, R.M., Fernandez-Trasancos, A., Sierra, J., Gonzalez-Juanatey, J.R. & Eiras, S. 2014. Differential
association of S100A9, an inflammatory marker, and p53, a cell cycle marker, expression with
epicardial adipocyte size in patients with cardiovascular disease. Inflammation, 37(5):1504-12.

Aguiar, F.J.B., Ferreira, M., Sales, M.M., Cruz-Neto, L.M., Fonseca, L.a.M., Sumita, N.M., Duarte, N.J.C.,
Lichtenstein, A. & Duarte, A.J.S. 2013. C-reactive protein: clinical applications and proposals for a
rational use. Revista Da Associacao Medica Brasileira, 59(1):85-92.

Albrecht, C., Kaeppel, N. & Gauglitz, G. 2008. Two immunoassay formats for fully automated CRP
detection in human serum. Anal Bioanal Chem, 391(5):1845-52.

Algire, G.H., Legallais, F.Y. & Anderson, B.F. 1952. Vascular reactions of normal and maligant tissues in
vivo. V. Role of hypotension in action of bacterial polysaccharide on tumors. Journal of the National
Cancer Institute, 12(6):1279-95.

Anton, E., Corréa, T., Fernandes, D., Assreuy, J. & Santos, J.E.D.S. 2018. Bradykinin increases blood
pressure in endotoxemic rats. The FASEB Journal, 32(1_supplement):568.12-68.12.

Ariyurek, S.Y. 2012. Comparison Of Immunonephelometric And Immunoturbidimetric Methods for
Measuring Beta 2-Microglobulin: Fit for Purpose in Routine Clinical Laboratories. Biochemistry &
Analytical Biochemistry, 01(07).

REFERENCE LIST Page 120



Arnson, Y., ltzhaky, D., Mosseri, M., Barak, V., Tzur, B., Agmon-Levin, N. & Amital, H. 2013. Vitamin D
inflammatory cytokines and coronary events: a comprehensive review. Clin Rev Allergy Immunol,
45(2):236-47.

Ashina, K., Tsubosaka, Y., Nakamura, T., Omori, K., Kobayashi, K., Hori, M., Ozaki, H. & Murata, T. 2015.
Histamine Induces Vascular Hyperpermeability by Increasing Blood Flow and Endothelial Barrier
Disruption In Vivo. PLoS One, 10(7):e0132367.

Askevold, E.T., Gullestad, L., Dahl, C.P., Yndestad, A., Ueland, T. & Aukrust, P. 2014. Interleukin-6
signaling, soluble glycoprotein 130, and inflammation in heart failure. Curr Heart Fail Rep, 11(2):146-
55.

Ataie-Kachoie, P., Pourgholami, M.H., Richardson, D.R. & Morris, D.L. 2014. Gene of the month:
Interleukin 6 (IL-6). J Clin Pathol, 67(11):932-7.

Azzam, H., El-Farahaty, R.M., Abousamra, N.K., Elwakeel, H., Sakr, S., Helmy, A. & Khashaba, E. 2017.
Contribution of coagulation factor VII R353Q polymorphism to the risk of thrombotic disorders
development (venous and arterial): A case-control study. Egyptian Journal of Medical Human Genetics,
18(3):275-79.

Badimon, L., Bugiardini, R. & Cubedo, J. 2016. Pathophysiology of acute coronary syndromes in the
elderly. Int J Cardiol, 222(1105-09.

Badimon, L. & Vilahur, G. 2014. Thrombosis formation on atherosclerotic lesions and plaque rupture.
J Intern Med, 276(6):618-32.

Barartabar, Z., Nikzamir, A., Sirati-Sabet, M., Aghamohammadi, E., Chaleshi, V., Nejad, M.R,,
Asadzadeh-Aghdaei, H. & Reza Zali, M. 2018. The relationship between 174 G/C and -572 G/C of IL-6
gene polymorphisms and susceptibility of celiac disease in the Iranian population. Prz Gastroenterol,
13(4):293-98.

Barnes, T.C., Anderson, M.E. & Moots, R.J. 2011. The many faces of interleukin-6: the role of IL-6 in
inflammation, vasculopathy, and fibrosis in systemic sclerosis. Int J Rheumatol, 2011(721608.

Bashashati, M., Moradi, M. & Sarosiek, |. 2017. Interleukin-6 in irritable bowel syndrome: A systematic
review and meta-analysis of IL-6 (-G174C) and circulating IL-6 levels. Cytokine, 99(132-38.

Batsis, J.A. & Lopez-limenez, F. 2010. Cardiovascular risk assessment--from individual risk prediction
to estimation of global risk and change in risk in the population. BMC Med, 8(29.

Bell, S.P., Giuseffi, J.L. & Forman, D.E. 2012. Cardiovascular biomarkers and their utility in the older
adult. Curr Cardiovasc Risk Rep, 6(5):397-403.

Benjamin, E.J., Blaha, M.J., Chiuve, S.E., Cushman, M., Das, S.R., Deo, R., De Ferranti, S.D., Floyd, J.,
Fornage, M., Gillespie, C., Isasi, C.R., Jimenez, M.C,, Jordan, L.C., Judd, S.E., Lackland, D., Lichtman, J.H.,
Lisabeth, L., Liu, S., Longenecker, C.T., Mackey, R.H., Matsushita, K., Mozaffarian, D., Mussolino, M.E.,
Nasir, K., Neumar, R.W., Palaniappan, L., Pandey, D.K., Thiagarajan, R.R., Reeves, M.J., Ritchey, M.,

REFERENCE LIST Page 121



Rodriguez, C.J., Roth, G.A., Rosamond, W.D., Sasson, C., Towfighi, A., Tsao, C.W., Turner, M.B., Virani,
S.S., Voeks, J.H., Willey, J.Z., Wilkins, J.T., Wu, J.H., Alger, H.M., Wong, S.S., Muntner, P., American
Heart Association Statistics, C. & Stroke Statistics, S. 2017. Heart Disease and Stroke Statistics-2017
Update: A Report From the American Heart Association. Circulation, 135(10):e146-e603.

Berk, M., Williams, L.J., Jacka, F.N., O'neil, A., Pasco, J.A., Moylan, S., Allen, N.B., Stuart, A.L., Hayley,
A.C., Byrne, M.L. & Maes, M. 2013. So depression is an inflammatory disease, but where does the
inflammation come from? BMC Med, 11(200.

Bezuch, N.E., Bradburn, S., Sipil, S., Paasuke, M., Gapeyeva, H., Maier, A.B., Hogrel, J.-Y., Barnouin,
Y., Butler-Browne, G., Narici, M., Mcphee, J. & Murgatroyd, C. 2019. Association of interleukin-6
rs1800796 polymorphism with reduced cognitive performance in healthy older adults. Meta Gene,
19(51-55.

Bhanvadia, V.M., Desai, N.J. & Agarwal, N.M. 2013. Study of coronary atherosclerosis by modified
american heart association classification of atherosclerosis-an autopsy study. J Clin Diagn Res,
7(11):2494-7.

Biasillo, G., Leo, M., Della Bona, R. & Biasucci, L.M. 2010. Inflammatory biomarkers and coronary heart
disease: from bench to bedside and back. Intern Emerg Med, 5(3):225-33.

Black, S., Kushner, I. & Samols, D. 2004. C-reactive Protein. J Biol Chem, 279(47):48487-90.

Blandizzi, C., Gionchetti, P., Armuzzi, A., Caporali, R., Chimenti, S., Cimaz, R., Cimino, L., Lapadula, G.,
Lionetti, P., Marchesoni, A., Marcellusi, A., Mennini, F.S., Salvarani, C. & Girolomoni, G. 2014. The role
of tumour necrosis factor in the pathogenesis of immune-mediated diseases. Int J Immunopathol
Pharmacol, 27(1 Suppl):1-10.

Botha, S. 2015. Soluble Urokinase Plasminogen Activator Receptor: Exploring its potential as a marker
of cardiovascular disease development in black South Africans of the PURE study. Philosophiae Doctor
in Physiology, North-West University.

Bouchard, C., Blair, S.N. & Katzmarzyk, P.T. 2015. Less Sitting, More Physical Activity, or Higher Fitness?
Mayo Clin Proc, 90(11):1533-40.

Braig, D., Nero, T.L., Koch, H.G., Kaiser, B., Wang, X., Thiele, J.R., Morton, C.J., Zeller, J., Kiefer, J.,
Potempa, L.A., Mellett, N.A., Miles, L.A., Du, X.J., Meikle, P.J., Huber-Lang, M., Stark, G.B., Parker,
M.W., Peter, K. & Eisenhardt, S.U. 2017. Transitional changes in the CRP structure lead to the exposure
of proinflammatory binding sites. Nat Commun, 8(14188.

Brenner, D., Blaser, H. & Mak, T.W. 2015. Regulation of tumour necrosis factor signalling: live or let
die. Nat Rev Immunol, 15(6):362-74.

Brien, S.E., Ronksley, P.E., Turner, B.J., Mukamal, K.J. & Ghali, W.A. 2011. Effect of alcohol consumption
on biological markers associated with risk of coronary heart disease: systematic review and meta-
analysis of interventional studies. BMJ, 342(d636.

REFERENCE LIST Page 122



Brown, D.l. & Griendling, K.K. 2015. Regulation of signal transduction by reactive oxygen species in the
cardiovascular system. Circ Res, 116(3):531-49.

Buckley, C.D., Gilroy, D.W. & Serhan, C.N. 2014. Proresolving lipid mediators and mechanisms in the
resolution of acute inflammation. Immunity, 40(3):315-27.

Burtis, A.B. & Bruns, D.E. 2015. Missouri. Tietz Fundamentals of Clinical Chemistry and Molecular
Diagnostics. 7th edition ed. Missouri: Elsevier Saunders.

Calder, P.C., Ahluwalia, N., Albers, R., Bosco, N., Bourdet-Sicard, R., Haller, D., Holgate, S.T., Jonsson,
L.S., Latulippe, M.E., Marcos, A., Moreines, J., M'rini, C., Muller, M., Pawelec, G., Van Neerven, R.J,,
Watzl, B. & Zhao, J. 2013. A consideration of biomarkers to be used for evaluation of inflammation in
human nutritional studies. Br J Nutr, 109 Suppl 1(S1-34.

Capuron, L., Schroecksnadel, S., Feart, C., Aubert, A., Higueret, D., Barberger-Gateau, P., Laye, S. &
Fuchs, D. 2011. Chronic low-grade inflammation in elderly persons is associated with altered
tryptophan and tyrosine metabolism: role in neuropsychiatric symptoms. Biol Psychiatry, 70(2):175-
82.

Carswell, E.A., Old, L.J., Kassel, R.L., Green, S., Fiore, N. & Williamson, B. 1975. An endotoxin-induced
serum factor that causes necrosis of tumors. Procedings of the National Academy of Sciences of the
United States of America, 72(9):3666-70.

Celermajer, D.S., Chow, C.K., Marijon, E., Anstey, N.M. & Woo, K.S. 2012. Cardiovascular disease in the
developing world: prevalences, patterns, and the potential of early disease detection. J Am Coll
Cardiol, 60(14):1207-16.

Chaithra, V.H., Jacob, S.P., Lakshmikanth, C.L., Sumanth, M.S., Abhilasha, K.V., Chen, C.H., Thyagarajan,
A., Sahu, R.P., Travers, J.B., Mcintyre, T.M., Kemparaju, K. & Marathe, G.K. 2018. Modulation of
inflammatory platelet-activating factor (PAF) receptor by the acyl analog of PAF. J Lipid Res.

Chandrashekara, S. 2014. C - reactive protein: An inflammatory marker with specific role in physiology,
pathology, and diagnosis. Internet Journal of Rheumatology and Clinical Immunology, 2(S1).

Charan, J. & Biswas, T. 2013. How to calculate sample size for different study designs in medical
research? Indian J Psychol Med, 35(2):121-6.

Chatteriji, S., Byles, J., Cutler, D., Seeman, T. & Verdes, E. 2015. Health, functioning, and disability in
older adults—present status and future implications. The Lancet, 385(9967):563-75.

Chen, D.Y., Chen, Y.M., Hsieh, T.Y., Hsieh, C.W., Lin, C.C. & Lan, J.L. 2015. Significant effects of biologic
therapy on lipid profiles and insulin resistance in patients with rheumatoid arthritis. Arthritis Res Ther,
17(52.

Chiang, N. & Serhan, C.N. 2017. Structural elucidation and physiologic functions of specialized pro-
resolving mediators and their receptors. Mol Aspects Med, 58(114-29.

REFERENCE LIST Page 123



Chiurchiu, V. & Maccarrone, M. 2016. Bioactive lipids as modulators of immunity, inflammation and
emotions. Curr Opin Pharmacol, 29(54-62.

Chiurchiu, V. & Maccarrone, M. 2016. Bioactive lipids as modulators of immunity, inflammation and
emotions. Current Opinion in Pharmacology, 29(54-62.

Chiva-Blanch, G., Arranz, S., Lamuela-Raventos, R.M. & Estruch, R. 2013. Effects of wine, alcohol and
polyphenols on cardiovascular disease risk factors: evidences from human studies. Alcohol Alcohol,
48(3):270-7.

Constitutional Assembly 1996. Constitution of the Republic of South Africa Act 108 of 1996.

Cook, N.R. & Ridker, P.M. 2014. Further insight into the cardiovascular risk calculator: the roles of
statins, revascularizations, and underascertainment in the Women's Health Study. JAMA Intern Med,
174(12):1964-71.

Council for International Organizations of Medical Sciences & World Health Organization. 2016.
International Ethical Guidelines for Health-related Research Involving Humans, Fouth Edition.

Cui, G., Wang, H,, Li, R,, Zhang, L., Li, Z.,, Wang, Y., Hui, R., Ding, H. & Wang, D.W. 2012. Polymorphism
of tumor necrosis factor alpha (TNF-alpha) gene promoter, circulating TNF-alpha level, and
cardiovascular risk factor for ischemic stroke. J Neuroinflammation, 9(235):235.

Curti, M.L., Jacob, P., Borges, M.C., Rogero, M.M. & Ferreira, S.R. 2011. Studies of gene variants related
to inflammation, oxidative stress, dyslipidemia, and obesity: implications for a nutrigenetic approach.
J Obes, 2011(497401.

Das, A. 2017. "Inflammaging" and Estradiol among Older U.S. Women: A Nationally Representative
Longitudinal Study. Biodemography Soc Biol, 63(4):295-308.

De Farias Leal, A.A., Palmeira, A.C., Almeida De Castro, G.M., Da Silva Simdes, M.O., Ramos, A.T. &
Muniz Medeiros, C.C. 2013. Homocysteine: cardiovascular risk factor in children and adolescents?
Revista da Associacdo Médica Brasileira (English Edition), 59(6):622-28.

De Gonzalo-Calvo, D., De Luxan-Delgado, B., Rodriguez-Gonzalez, S., Garcia-Macia, M., Suarez, F.M.,
Solano, J.J., Rodriguez-Colunga, M.J. & Coto-Montes, A. 2012. Interleukin 6, soluble tumor necrosis
factor receptor | and red blood cell distribution width as biological markers of functional dependence
in an elderly population: a translational approach. Cytokine, 58(2):193-8.

Despres, J.P. 2016. Physical Activity, Sedentary Behaviours, and Cardiovascular Health: When Will
Cardiorespiratory Fitness Become a Vital Sign? Can J Cardiol, 32(4):505-13.

Di Napoli, M., Elkind, M.S., Godoy, D.A., Singh, P., Papa, F. & Popa-Wagner, A. 2011. Role of C-reactive
protein in cerebrovascular disease: a critical review. Expert Rev Cardiovasc Ther, 9(12):1565-84.

Didiasova, M., Wujak, L., Schaefer, L. & Wygrecka, M. 2018. Factor Xll in coagulation, inflammation
and beyond. Cell Signal.

REFERENCE LIST Page 124



Didion, S.P. 2017. Cellular and Oxidative Mechanisms Associated with Interleukin-6 Signaling in the
Vasculature. Int J Mol Sci, 18(12).

Douglas, G. & Channon, K.M. 2014. The pathogenesis of atherosclerosis. Medicine, 42(9):480-84.

Dragasevic, S., Stankovic, B., Milosavljevic, T., Sokic-Milutinovic, A., Lukic, S., Alempijevic, T., Zukic, B.,
Kotur, N., Nikcevic, G., Pavlovic, S. & Popovic, D. 2017. Genetic and environmental factors significant
for the presentation and development of inflammatory bowel disease. Eur J Gastroenterol Hepatol,
29(8):909-15.

Du Clos, T.W. 2013. Pentraxins: structure, function, and role in inflammation. ISRN Inflamm,
2013(379040.

Dutta, A. & Ray, M.R. 2012. Increased cardiovascular risk due to systemic inflammatory changes and
enhanced oxidative stress in urban Indian women. Air Quality, Atmosphere & Health, 6(2):501-08.

Eck, M.J. & Sprang, S.R. 1989. The structure of tumor necrosis factor-alpha at 2.6 A resolution.
Implications for receptor binding. J Biol Chem, 264(29):17595-605.

Effoe, V.S., Correa, A., Chen, H., Lacy, M.E. & Bertoni, A.G. 2015. High-Sensitivity C-Reactive Protein Is
Associated With Incident Type 2 Diabetes Among African Americans: The Jackson Heart Study.
Diabetes Care, 38(9):1694-700.

El-Merahbi, R., Loffler, M., Mayer, A. & Sumara, G. 2015. The roles of peripheral serotonin in metabolic
homeostasis. FEBS Lett, 589(15):1728-34.

Emerging Risk Factors Collaboration, Kaptoge, S., Di Angelantonio, E., Pennells, L., Wood, A.M., White,
I.R., Gao, P., Walker, M., Thompson, A., Sarwar, N., Caslake, M., Butterworth, A.S., Amouyel, P.,
Assmann, G., Bakker, S.J., Barr, E.L., Barrett-Connor, E., Benjamin, E.J., Bjorkelund, C., Brenner, H.,
Brunner, E., Clarke, R., Cooper, J.A., Cremer, P., Cushman, M., Dagenais, G.R., D'agostino, R.B., Sr.,
Dankner, R., Davey-Smith, G., Deeg, D., Dekker, J.M., Engstrom, G., Folsom, A.R., Fowkes, F.G.,
Gallacher, J., Gaziano, J.M., Giampaoli, S., Gillum, R.F., Hofman, A., Howard, B.V., Ingelsson, E., Iso, H.,
Jorgensen, T., Kiechl, S., Kitamura, A., Kiyohara, Y., Koenig, W., Kromhout, D., Kuller, L.H., Lawlor, D.A.,
Meade, T.W., Nissinen, A., Nordestgaard, B.G., Onat, A., Panagiotakos, D.B., Psaty, B.M., Rodriguez,
B., Rosengren, A., Salomaa, V., Kauhanen, J., Salonen, J.T., Shaffer, J.A., Shea, S., Ford, I., Stehouwer,
C.D,, Strandberg, T.E., Tipping, R.W., Tosetto, A., Wassertheil-Smoller, S., Wennberg, P., Westendorp,
R.G., Whincup, P.H., Wilhelmsen, L., Woodward, M., Lowe, G.D., Wareham, N.J., Khaw, K.T., Sattar, N.,
Packard, C.J., Gudnason, V., Ridker, P.M., Pepys, M.B., Thompson, S.G. & Danesh, J. 2012. C-reactive
protein, fibrinogen, and cardiovascular disease prediction. N Engl J Med, 367(14):1310-20.

Enayati, S., Seifirad, S., Amiri, P., Abolhalaj, M. & Mohammad-Amoli, M. 2015. Interleukin-1 beta,
interferon-gamma, and tumor necrosis factor-alpha gene expression in peripheral blood mononuclear
cells of patients with coronary artery disease. ARYA Atheroscler, 11(5):267-74.

Erta, M., Quintana, A. & Hidalgo, J. 2012. Interleukin-6, a major cytokine in the central nervous system.
Int J Biol Sci, 8(9):1254-66.

REFERENCE LIST Page 125



Ertunc, M.E. & Hotamisligil, G.S. 2016. Lipid signaling and lipotoxicity in metaflammation: indications
for metabolic disease pathogenesis and treatment. J Lipid Res, 57(12):2099-114.

Evans, J. & Goedecke, J.H. 2011. Inflammation in Relation to Cardiovascular Disease Risk: Comparison
of Black and White Women in the United States, United Kingdom, and South Africa. Current
Cardiovascular Risk Reports, 5(3):223-29.

Fan, Z.X., Hua, Q., Li, Y.P,, Liu, R.K. & Yang, Z. 2011. Interleukin-6, but not soluble adhesion molecules,
predicts a subsequent mortality from cardiovascular disease in patients with acute ST-segment
elevation myocardial infarction. Cell Biochem Biophys, 61(2):443-8.

Fathalla, M.F. & Fathalla, M.M.F. 2004. A Practical Guide for Health Researchers. World Health
Organization Regional Publications.

Ferguson-Smith, A.C., Chen, Y.F., Newman, M.S., May, L.T., Sehgal, P.B. & Ruddle, F.H. 1988. Regional
localization of the interferon- 682 B-cell stimulatory factor 2/hepatocyte stimulating factor gene to
human chromosome 7p15-p21.

Fiatal, S. & Adany, R. 2017. Application of Single-Nucleotide Polymorphism-Related Risk Estimates in
Identification of Increased Genetic Susceptibility to Cardiovascular Diseases: A Literature Review.
Front Public Health, 5(358.

Fielding, C.A., Mcloughlin, R.M., Mcleod, L., Colmont, C.S., Najdovska, M., Grail, D., Ernst, M., Jones,
S.A., Topley, N. & Jenkins, B.J. 2008. IL-6 Regulates Neutrophil Trafficking during Acute Inflammation
via STAT3. The Journal of Inmunology, 181(3):2189-95.

Fishman, D., Faulds, G., Jeffery, R., Mohamed-Ali, V., Yudkin, J.S., Humphries, S. & Woo, P. 1998. The
effect of novel polymorphisms in the interleukin-6 (IL-6) gene on IL-6 transcription and plasma IL-6
levels, and an association with systemic-onset juvenile chronic arthritis. J Clin Invest, 102(7):1369-76.

Floyd-Smith, G., Whitehead, A.S., Colten, H.R. & Francke, U. 1986. The human C-reactive protein gene
(CRP) and serum amyloid P component gene (APCS) are located on the proximal long arm of
chromosome 1. Immunogenetics, 24(3):171-6.

Forstermann, U., Xia, N. & Li, H. 2017. Roles of Vascular Oxidative Stress and Nitric Oxide in the
Pathogenesis of Atherosclerosis. Circ Res, 120(4):713-35.

Fraga, D., Meulia, T. & Fenster, S. 2014. Real-Time PCR. Current Protocols Essential Laboratory
Techniques, 8(1):10.3.1-10.3.40.

Franceschi, C. 1989. Cell proliferation, cell death and aging. Aging Clinical and Experimental Research,
1(1):3-15.

Franceschi, C., Bonafe, M., Valensin, S., Olivieri, F., De Luca, M., Ottaviani, E. & De Benedictis, G. 2000a.
Inflamm-aging. An evolutionary perspective on immunosenescence. Annals of the New York Academy
of Sciences, 908(244-54.

REFERENCE LIST Page 126



Franceschi, C. & Campisi, J. 2014. Chronic inflammation (inflammaging) and its potential contribution
to age-associated diseases. J Gerontol A Biol Sci Med Sci, 69 Suppl 1(S4-9.

Franceschi, C. & Cossarizza, A. 1995. Introduction: the reshaping of the immune system with age. Int
Rev Immunol, 12(1):1-4.

Franceschi, C., Garagnani, P., Vitale, G., Capri, M. & Salvioli, S. 2017. Inflammaging and 'Garb-aging'.
Trends Endocrinol Metab, 28(3):199-212.

Franceschi, C., Monti, D., Sansoni, P. & Cossarizza, A. 1995. The immunology of exceptional individuals:
the lesson of centenarians. Immunology today, 16(1):12-6.

Franceschi, C., Valensina, S., Bonafed, M., Paolissoc, G., Yashind, A.l., Montie, D. & De Benedictisf, G.
2000b. The network and the remodeling theories of aging: historical background and new
perspectives. Experimental Gerontology, 35(2000):879-96.

Frank, M.O. & Caceres, B.A. 2015. Inflammaging: A Concept Analysis. The Journal for Nurse
Practitioners, 11(2):258-61.

Fredman, G. & Spite, M. 2017. Specialized pro-resolving mediators in cardiovascular diseases. Mol
Aspects Med, 58(65-71.

Fredman, G. & Tabas, |. 2017. Boosting Inflammation Resolution in Atherosclerosis: The Next Frontier
for Therapy. Am J Pathol, 187(6):1211-21.

Gan, S.D. & Patel, K.R. 2013. Enzyme immunoassay and enzyme-linked immunosorbent assay. J Invest
Dermatol, 133(9):e12.

Ganguly, P. & Alam, S.F. 2015. Role of homocysteine in the development of cardiovascular disease.
Nutr J, 14(6):6.

Garlanda, C., Dinarello, C.A. & Mantovani, A. 2013. The interleukin-1 family: back to the future.
Immunity, 39(6):1003-18.

Gauldie, J., Richards, C., Harnish, D., Lansdorp, P. & Baumann, H. 1987. Interferon beta 2/B-cell
stimulatory factor type 2 shares identity with monocyte-derived hepatocyte-stimulating factor and
regulates the major acute phase protein response in liver cells. Proceedings of the National Academy
of Sciences, 84(20):7251-55.

Gersh, B.J., Sliwa, K., Mayosi, B.M. & Yusuf, S. 2010. Novel therapeutic concepts: the epidemic of
cardiovascular disease in the developing world: global implications. Eur Heart J, 31(6):642-8.

Ghanemi, A. & St-Amand, J. 2018. Interleukin-6 as a "metabolic hormone". Cytokine, 112(132-36.

Giannitrapani, L., Soresi, M., Balasus, D., Licata, A. & Montalto, G. 2013. Genetic association of
interleukin-6 polymorphism (-174 G/C) with chronic liver diseases and hepatocellular carcinoma.
World J Gastroenterol, 19(16):2449-55.

REFERENCE LIST Page 127



Gonzalez, E., Diez, J.J., Pérez Torres, A., Bajo, M.A., Del Peso, G., Sdnchez-Villanueva, R., Grande, C.,
Rodriguez, O., Coronado, M., Gémez Candela, C., Diaz-Almirdn, M., Iglesias, P. & Selgas, R. 2017. Body
composition analysis and adipocytokine concentrations in haemodialysis patients: Abdominal fat gain
as an added cardiovascular risk factor. Abdominal fat gain and cardiovascular risk. Nefrologia (English
Edition), 37(2):138-48.

Gordon, S. 2016. Phagocytosis: An Immunobiologic Process. Immunity, 44(3):463-75.

Graham, G. 2014. Population-based approaches to understanding disparities in cardiovascular disease
risk in the United States. Int J Gen Med, 7(393-400.

Graja, A. & Schulz, T.J. 2015. Mechanisms of aging-related impairment of brown adipocyte
development and function. Gerontology, 61(3):211-7.

Greenland, P., Alpert, J.S., Beller, G.A., Benjamin, E.J., Budoff, M.J., Fayad, Z.A., Foster, E., Hlatky, M.A.,
Hodgson, J.M., Kushner, F.G., Lauer, M.S., Shaw, L.J., Smith, S.C., Jr., Taylor, A.J., Weintraub, W.S.,
Wenger, N.K., Jacobs, A.K., Smith, S.C., Jr., Anderson, J.L., Albert, N., Buller, C.E., Creager, M.A,,
Ettinger, S.M., Guyton, R.A., Halperin, J.L.,, Hochman, J.S., Kushner, F.G., Nishimura, R., Ohman, E.M,,
Page, R.L., Stevenson, W.G., Tarkington, L.G., Yancy, C.W., American College of Cardiology, F. &
American Heart, A. 2010. 2010 ACCF/AHA guideline for assessment of cardiovascular risk in
asymptomatic adults: a report of the American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines. J Am Coll Cardiol, 56(25):e50-103.

Grobler, C.J. 2015. Impact of vitamins B12, B6 and folate supplementation on cardiovascular risk
markers in an elderly community of Sharpeville. Doctor of Technology, Durban University of
Technology.

Gros, A., Ollivier, V. & Ho-Tin-Noe, B. 2014. Platelets in inflammation: regulation of leukocyte activities
and vascular repair. Front Immunol, 5(678.

Grundy, S.M. 2012. Pre-diabetes, metabolic syndrome, and cardiovascular risk. J Am Coll Cardiol,
59(7):635-43.

Gupta, D., Verma, S., Pun, S.C. & Steingart, R.M. 2015. The changes in cardiac physiology with aging
and the implications for the treating oncologist. J Geriatr Oncol, 6(3):178-84.

Haegeman, G., Content, J., Volckaert, G., Derynck, R., Tavernier, J. & Fiers, W. 1986. Structural analysis
of the sequence coding for an inducible 26-kDa protein in human fibroblasts. Eur J Biochem,
159(3):625-32.

Hajat, A., Allison, M., Diez-Roux, A.V., Jenny, N.S., Jorgensen, N.W., Szpiro, A.A., Vedal, S. & Kaufman,
J.D. 2015. Long-term exposure to air pollution and markers of inflammation, coagulation, and
endothelial activation: a repeat-measures analysis in the Multi-Ethnic Study of Atherosclerosis
(MESA). Epidemiology, 26(3):310-20.

Halcox, J.P., Roy, C., Tubach, F., Banegas, J.R., Dallongeville, J., De Backer, G., Guallar, E., Sazova, O.,
Medina, J., Perk, J., Steg, P.G., Rodriguez-Artalejo, F. & Borghi, C. 2014. C-reactive protein levels in
patients at cardiovascular risk: EURIKA study. BMC Cardiovasc Disord, 14(25.

REFERENCE LIST Page 128



Hartupee, J. & Mann, D.L. 2013. Positioning of inflammatory biomarkers in the heart failure landscape.
J Cardiovasc Transl Res, 6(4):485-92.

He, F. & Zuo, L. 2015. Redox Roles of Reactive Oxygen Species in Cardiovascular Diseases. Int J Mol Sci,
16(11):27770-80.

Heike, T. & Nakahata, T. 2002. Ex vivo expansion of hematopoietic stem cells by cytokines. Biochimica
et Biophysica Acta (BBA) - Molecular Cell Research, 1592(3):313-21.

Heink, S., Yogev, N., Garbers, C., Herwerth, M., Aly, L., Gasperi, C., Husterer, V., Croxford, A.L., Moller-
Hackbarth, K., Bartsch, H.S., Sotlar, K., Krebs, S., Regen, T., Blum, H., Hemmer, B., Misgeld, T.,
Wunderlich, T.F., Hidalgo, J., Oukka, M., Rose-John, S., Schmidt-Supprian, M., Waisman, A. & Korn, T.
2017. Trans-presentation of IL-6 by dendritic cells is required for the priming of pathogenic TH17 cells.
Nat Immunol, 18(1):74-85.

Heinrich, P.C., Behrmann, 1., Haan, S., Hermanns, H.M., Muller-Newen, G. & Schaper, F. 2003.
Principles of interleukin (IL)-6-type cytokine signalling and its regulation. Biochem J, 374(Pt 1):1-20.

Heinz, J., Marinello, M. & Fredman, G. 2017. Pro-resolution therapeutics for cardiovascular diseases.
Prostaglandins Other Lipid Mediat, 132(12-16.

Herbert, A,, Liu, C., Karamohamed, S., Schiller, J., Liu, J., Yang, Q., Wilson, P.W., Cupples, L.A. & Meigs,
J.B. 2005. The -174 IL-6 GG genotype is associated with a reduced risk of type 2 diabetes mellitus in a
family sample from the National Heart, Lung and Blood Institute's Framingham Heart Study.
Diabetologia, 48(8):1492-5.

Heron, M. 2016. Deaths: Leading causes for 2013. Hyattsville, MD.

Heusch, G., Libby, P., Gersh, B., Yellon, D., Bohm, M., Lopaschuk, G. & Opie, L. 2014. Cardiovascular
remodelling in coronary artery disease and heart failure. Lancet, 383(9932):1933-43.

Hirano, T., Taga, T., Nakano, N., Yasukawa, K., Kashiwamura, S., Shimizu, K., Nakajima, K., Pyun, K.H. &
Kishimoto, T. 1985. Purification to homogeneity and characterization of human B-cell differentiation
factor (BCDF or BSFp-2). Proc Natl Acad Sci U S A, 82(16):5490-4.

Hirano, T., Yasukawa, K., Harada, H., Taga, T., Watanabe, Y., Matsuda, T., Kashiwamura, S.-I., Nakajima,
K., Koyama, K., lwamatsu, A., Tsunasawa, S., Sakiyama, F., Matsui, H., Takahara, Y., Taniguchi, T. &
Kishimoto, T. 1986. Complementary DNA for a novel human interleukin (BSF-2) that induces B
lymphocytes to produce immunoglobulin. Nature, 324(73.

Hirase, T. & Node, K. 2012. Endothelial dysfunction as a cellular mechanism for vascular failure. Am J
Physiol Heart Circ Physiol, 302(3):H499-505.

Hofman, Z., De Maat, S., Hack, C.E. & Maas, C. 2016. Bradykinin: Inflammatory Product of the
Coagulation System. Clin Rev Allergy Immunol, 51(2):152-61.

REFERENCE LIST Page 129



Hovland, A., Jonasson, L., Garred, P., Yndestad, A., Aukrust, P., Lappegard, K.T., Espevik, T. & Mollnes,
T.E. 2015. The complement system and toll-like receptors as integrated players in the pathophysiology
of atherosclerosis. Atherosclerosis, 241(2):480-94.

Hsu, H., Shu, H.-B., Pan, M.-G. & Goeddel, D.V. 1996. TRADD-TRAF2 and TRADD-FADD Interactions
Define Two Distinct TNF Receptor 1 Signal Transduction Pathways. Cell, 84(2):299-308.

Hsu, W.L.,, Chen, C.Y., Tsauo, J.Y. & Yang, R.S. 2014. Balance control in elderly people with
osteoporosis. J Formos Med Assoc, 113(6):334-9.

Hu, P., Jiang, G.M., Wu, Y., Huang, B.Y., Liu, S.Y., Zhang, D.D., Xu, Y., Wu, Y.F., Xia, X., Wei, W. & Hu, B.
2017. TNF-alpha is superior to conventional inflammatory mediators in forecasting IVIG nonresponse
and coronary arteritis in Chinese children with Kawasaki disease. Clin Chim Acta, 471(76-80.

Huether, S.E. & Mccance, K.L. 2012. United States of America. Understanding Pathophhysiology. 5th
edition ed. United States of America: Elsevier.

Hunter, C.A. & Jones, S.A. 2015. IL-6 as a keystone cytokine in health and disease. Nat Immunol,
16(5):448-57.

Ibrahim, O.M., Gabre, A.A., Sallam, S.F., El-Alameey, |.R., Sabry, R.N., Galal, E.M., Tawfik, S.M., Zarouk,
W.A., Mosaad, R.M. & Ramadan, A. 2017. Influence of Interleukin-6 (174G/C) Gene Polymorphism on
Obesity in Egyptian Children. Open Access Maced J Med Sci, 5(7):831-35.

Immuno-Biological Laboratories International Gmbh 2012a. Interleukin-6 high sensitivity ELISA.
Hamburg, Germany.

Immuno-Biological Laboratories International Gmbh 2012b. TNF-alpha high sensitivity ELISA.
Hamburg, Germany.

Jackson, C.F. & Wenger, N.K. 2011. Cardiovascular Disease in the Elderly. Revista Espafola de
Cardiologia (English Edition), 64(8):697-712.

Jacob, S.P., Lakshmikanth, C.L., Mcintyre, T.M. & Marathe, G.K. 2017. Platelet-activating factor and
oxidized phosphatidylcholines do not suppress endotoxin-induced pro-inflammatory signaling among
human myeloid and endothelial cells. AIMS Allergy and Immunology, 1(3):108-23.

Jansen Van Vuren, E., Malan, L., Cockeran, M., Scheepers, J.D., Oosthuizen, W. & Malan, N.T. 2016.
Fibrosis and coronary perfusion - a cardiovascular disease risk in an African male cohort: The SABPA
study. Clin Exp Hypertens, 38(5):482-8.

Jefferis, B.J., Whincup, P.H., Welsh, P., Wannamethee, S.G., Rumley, A., Lennon, L.T., Thomson, A.G.,
Carson, C., Ebrahim, S. & Lowe, G.D. 2009. Circulating TNFalpha levels in older men and women do
not show independent prospective relations with Ml or stroke. Atherosclerosis, 205(1):302-8.

REFERENCE LIST Page 130



Jenny, N.S,, Tracy, R.P., Ogg, M.S., Luong Le, A., Kuller, L.H., Arnold, A.M., Sharrett, A.R. & Humphries,
S.E. 2002. In the elderly, interleukin-6 plasma levels and the -174G>C polymorphism are associated
with the development of cardiovascular disease. Arterioscler Thromb Vasc Biol, 22(12):2066-71.

Joffe, Y.T., Van Der Merwe, L., Evans, J., Collins, M., Lambert, E.V., September, A.V. & Goedecke, J.H.
2014. Interleukin-6 gene polymorphisms, dietary fat intake, obesity and serum lipid concentrations in
black and white South African women. Nutrients, 6(6):2436-65.

Jones, C.M. & Boelaert, K. 2015. The Endocrinology of Ageing: A Mini-Review. Gerontology, 61(4):291-
300.

Jones, S.A., Horiuchi, S., Topley, N., Yamamoto, N. & Fuller, G.M. 2001. The soluble interleukin 6
receptor: mechanisms of production and implications in disease. FASEB J, 15(1):43-58.

Jorstad, H.T., Colkesen, E.B., Minneboo, M., Peters, R.J., Boekholdt, S.M., Tijssen, J.G., Wareham, N.J.
& Khaw, K.T. 2015. The Systematic COronary Risk Evaluation (SCORE) in a large UK population: 10-year
follow-up in the EPIC-Norfolk prospective population study. Eur J Prev Cardiol, 22(1):119-26.

Jovanovic, D.V., Di Battista, J.A., Martel-Pelletier, J., Jolicoeur, F.C., He, Y., Zhang, M., Mineau, F. &
Pelletier, J. 1998. IL-17 Stimulates the Production and Expression of Proinflammatory Cytokines, IL-3
and TNF-a, by Human Macrophages. The Journal of Inmunology, 160(7):3513-21.

Kalliolias, G.D. & Ivashkiv, L.B. 2016. TNF biology, pathogenic mechanisms and emerging therapeutic
strategies. Nat Rev Rheumatol, 12(1):49-62.

Karaman, E., Urhan Kucuk, M., Bayramoglu, A., Uzun Gocmen, S., Ercan, S., Guler, H.I., Kucukkaya, Y.
& Erden, S. 2015. Investigation of relationship between IL-6 gene variants and hypertension in Turkish
population. Cytotechnology, 67(6):947-54.

Katkam, S.K., Rajasekhar, L., Kumaraswami, K. & Kutala, V.K. 2017. Association of IL -6 -174 G>C
polymorphism with the risk of SLE among south Indians: evidence from case-control study and meta-
analysis. Lupus, 26(14):1491-501.

Kelker, H.C., Oppenheim, J.D., Stone-Wolff, D., Henriksen-Destefano, D., Aggarwal, B.B., Stevenson,
H.C. & Vilcek, J. 1985. Characterization of Human Tumor Necrosis Factor Produced by Peripheral Blood
Monocytes and its Separation from Lymphotoxin. International Journal of Cancer, 36(69-73.

Khodakov, D., Wang, C. & Zhang, D.Y. 2016. Diagnostics based on nucleic acid sequence variant
profiling: PCR, hybridization, and NGS approaches. Adv Drug Deliv Rev, 105(Pt A):3-19.

Kim, G.B. & Kim, Y.P. 2012. Analysis of protease activity using quantum dots and resonance energy
transfer. Theranostics, 2(2):127-38.

Kinzenbaw, D.A., Chu, Y., Pena Silva, R.A., Didion, S.P. & Faraci, F.M. 2013. Interleukin-10 protects
against aging-induced endothelial dysfunction. Physiol Rep, 1(6):e00149.

Kirkwood, T.B. 1977. Evolution of ageing. Nature, 270(5635):301-4.

REFERENCE LIST Page 131



Kishimoto, T. 2006. Interleukin-6: discovery of a pleiotropic cytokine. Arthritis Res Ther, 8 Suppl 2(S2.

Kishimoto, T. & Tanaka, T. 2014. Chapter 179-1. In: Parnham, M., ed. Encyclopedia of Inflammatory
Diseases. Basel: Springer Basel. 1-8.

Kokkas, B. 2010. Tissue injury and inflammation. Annals of General Psychiatry, 9(S1).

Kruger, R., Schutte, R., Huisman, H.W., Hindersson, P., Olsen, M.H., Eugen-Olsen, J. & Schutte, A.E.
2013. NT-proBNP, C-reactive protein and soluble uPAR in a bi-ethnic male population: the SAfrEIC
study. PLoS One, 8(3):e58506.

Krychtiuk, K.A., Kastl, S.P., Speidl, W.S. & Woijta, J. 2013. Inflammation and coagulation in
atherosclerosis. Hamostaseologie, 33(4):269-82.

Kumar, P., Yadav, A.K., Kumar, A., Sagar, R., Pandit, A.K. & Prasad, K. 2015. Association between
Interleukin-6 (G174C and G572C) promoter gene polymorphisms and risk of ischaemic stroke: A meta-
analysis. Ann Neurosci, 22(2):61-9.

Kurian, A.K. & Cardarelli, K.M. 2007. Racial and ethnic differences in cardiovascular disease risk factors:
a systematic review. Ethn Dis, 17(1):143-52.

Landsberg, L., Aronne, L.J., Beilin, L.J., Burke, V., Igel, L.l., Lloyd-Jones, D. & Sowers, J. 2013. Obesity-
related hypertension: pathogenesis, cardiovascular risk, and treatment--a position paper of the The
Obesity Society and The American Society of Hypertension. Obesity (Silver Spring), 21(1):8-24.

Lee, S.E., Chung, W.J., Kwak, H.B., Chung, C.H., Kwack, K.B., Lee, Z.H. & Kim, H.H. 2001. Tumor necrosis
factor-alpha supports the survival of osteoclasts through the activation of Akt and ERK. J Biol Chem,
276(52):49343-9.

Liao, K.P. & Solomon, D.H. 2013. Traditional cardiovascular risk factors, inflammation and
cardiovascular risk in rheumatoid arthritis. Rheumatology (Oxford), 52(1):45-52.

Lim, J.J., Grinstein, S. & Roth, Z. 2017. Diversity and Versatility of Phagocytosis: Roles in Innate
Immunity, Tissue Remodeling, and Homeostasis. Front Cell Infect Microbiol, 7(191.

Lin, A., Lacy, M.E., Eaton, C., Correa, A. & Wu, W.C. 2016. Inflammatory Obesity Phenotypes, Gender
Effects, and Subclinical Atherosclerosis in African Americans: The Jackson Heart Study. Arterioscler
Thromb Vasc Biol, 36(12):2431-38.

Lin, H., Joehanes, R., Pilling, L.C., Dupuis, J., Lunetta, K.L., Ying, S.X., Benjamin, E.J., Hernandez, D.,
Singleton, A., Melzer, D., Munson, P.J., Levy, D., Ferrucci, L. & Murabito, J.M. 2014. Whole blood gene
expression and interleukin-6 levels. Genomics, 104(6 Pt B):490-5.

Lin, L., Wu, M. & Zhao, J. 2017. The initiation and effects of plasma contact activation: an overview.
Int J Hematol, 105(3):235-43.

REFERENCE LIST Page 132



Liu, R., Wang, Y. & Wen, L. 2015. Relationship between cytokine gene polymorphisms and recurrent
spontaneous abortion. Int J Clin Exp Med, 8(6):9786-92.

Lokau, J., Agthe, M., Flynn, C.M. & Garbers, C. 2017. Proteolytic control of Interleukin-11 and
Interleukin-6 biology. Biochim Biophys Acta Mol Cell Res, 1864(11 Pt B):2105-17.

Lopez-Mejias, R., Castaneda, S., Gonzalez-Juanatey, C., Corrales, A., Ferraz-Amaro, |., Genre, F.,
Remuzgo-Martinez, S., Rodriguez-Rodriguez, L., Blanco, R., Llorca, J., Martin, J. & Gonzalez-Gay, M.A.
2016. Cardiovascular risk assessment in patients with rheumatoid arthritis: The relevance of clinical,
genetic and serological markers. Autoimmun Rev, 15(11):1013-30.

Lopez-Otin, C., Blasco, M.A., Partridge, L., Serrano, M. & Kroemer, G. 2013. The hallmarks of aging.
Cell, 153(6):1194-217.

Loudon, B.L., Gollop, N.D., Carter, P.R., Uppal, H., Chandran, S. & Potluri, R. 2016. Impact of
cardiovascular risk factors and disease on length of stay and mortality in patients with acute coronary
syndromes. Int J Cardiol, 220(745-9.

Lowe, G. & Rumley, A. 2014. The relevance of coagulation in cardiovascular disease: what do the
biomarkers tell us? Thromb Haemost, 112(5):860-7.

Ma, H., Sun, G., Wang, W., Zhou, Y., Liu, D., Tong, Y. & Lu, Z. 2016. Association Between Interleukin-6
-572 C>G and -174 G>C Polymorphisms and Hypertension: A Meta-analysis of Case-control Studies.
Medicine (Baltimore), 95(2):e2416.

Macleod, R.a.F. & Nagel, S. 2011. IL6 (interleukin 6 (interferon beta 2)). Atlas of Genetics and
Cytogenetics in Oncology and Haematology, 3).

Mandal, S., Abebe, F. & Chaudhary, J. 2014. -174G/C polymorphism in the interleukin-6 promoter is
differently associated with prostate cancer incidence depending on race. Genet Mol Res, 13(1):139-
51.

Mangalmurti, S.S. & Davidson, M.H. 2011. The incremental value of lipids and inflammatory
biomarkers in determining residual cardiovascular risk. Curr Atheroscler Rep, 13(5):373-80.

Mangge, H., Becker, K., Fuchs, D. & Gostner, J.M. 2014. Antioxidants, inflammation and cardiovascular
disease. World J Cardiol, 6(6):462-77.

Maredza, M., Hofman, K.J. & Tollman, S.M. 2011. A hidden menace: Cardiovascular disease in South
Africa and the costs of an inadequate policy response. SA Heart, 7(4).

Maschirow, L., Khalaf, K., Al-Aubaidy, H.A. & Jelinek, H.F. 2015. Inflammation, coagulation, endothelial
dysfunction and oxidative stress in prediabetes--Biomarkers as a possible tool for early disease
detection for rural screening. Clin Biochem, 48(9):581-5.

REFERENCE LIST Page 133



Masjedi, A., Hashemi, V., Hojjat-Farsangi, M., Ghalamfarsa, G., Azizi, G., Yousefi, M. & Jadidi-Niaragh,
F. 2018. The significant role of interleukin-6 and its signaling pathway in the immunopathogenesis and
treatment of breast cancer. Biomed Pharmacother, 108(1415-24.

Mastenbroek, T.G., Van Geffen, J.P., Heemskerk, J.W. & Cosemans, J.M. 2015. Acute and persistent
platelet and coagulant activities in atherothrombosis. J Thromb Haemost, 13 Suppl 1(S272-80.

Masuda, K., Ripley, B., Nishimura, R., Mino, T., Takeuchi, O., Shioi, G., Kiyonari, H. & Kishimoto, T. 2013.
Arid5a controls IL-6 mRNA stability, which contributes to elevation of IL-6 level in vivo. Proc Natl Acad
SciUSA, 110(23):9409-14.

May, L.T., Ghrayeb, J., Santhanam, U., Tatter, S.B., Sthoeger, Z., Helfgott, D.C., Chiorazzi, N.,
Grieninger, G. & Sehgal, P.B. 1988. Synthesis and secretion of multiple forms of beta 2-interferon/B-
cell differentiation factor 2/hepatocyte-stimulating factor by human fibroblasts and monocytes. J Biol
Chem, 263(16):7760-6.

Mcever, R.P. 2015. Selectins: initiators of leucocyte adhesion and signalling at the vascular wall.
Cardiovasc Res, 107(3):331-9.

Mckellar, G.E., Mccarey, D.W., Sattar, N. & Mcinnes, |.B. 2009. Role for TNF in atherosclerosis? Lessons
from autoimmune disease. Nature Reviews Cardiology, 6(410.

Medzhitov, R. 2010. Inflammation 2010: new adventures of an old flame. Cell, 140(6):771-6.

Meenagh, A., Williams, F., Ross, O.A., Patterson, C., Gorodezky, C., Hammond, M., Leheny, W.A. &
Middleton, D. 2002. Frequency of Cytokine Polymorphisms in Populations From Western Europe,
Africa, Asia, the Middle East and South America. Human Immunology, 63(1055-61.

Mendall, M.A.,, Patel, P., Asante, M., Ballam, L., Morris, J., Strachan, D.P., Camm, A.J. & Northfield, T.C.
1997. Relation of serum cytokine concentrations to cardiovascular risk factors and coronary heart
disease. Heart, 78(3):273-77.

Mensah, G.A. 2013. Descriptive epidemiology of cardiovascular risk factors and diabetes in sub-
Saharan Africa. Prog Cardiovasc Dis, 56(3):240-50.

Merle, N.S., Church, S.E., Fremeaux-Bacchi, V. & Roumenina, L.T. 2015a. Complement System Part | -
Molecular Mechanisms of Activation and Regulation. Front Immunol, 6(262.

Merle, N.S., Noe, R., Halbwachs-Mecarelli, L., Fremeaux-Bacchi, V. & Roumenina, L.T. 2015b.
Complement System Part Il: Role in Immunity. Front Immunol, 6(257.

Minihane, A.M., Vinoy, S., Russell, W.R., Baka, A., Roche, H.M., Tuohy, K.M., Teeling, J.L., Blaak, E.E.,
Fenech, M., Vauzour, D., Mcardle, H.J., Kremer, B.H., Sterkman, L., Vafeiadou, K., Benedetti, M.M.,,
Williams, C.M. & Calder, P.C. 2015. Low-grade inflammation, diet composition and health: current
research evidence and its translation. BrJ Nutr, 114(7):999-1012.

REFERENCE LIST Page 134



Mittal, M., Siddiqui, M.R., Tran, K., Reddy, S.P. & Malik, A.B. 2014. Reactive oxygen species in
inflammation and tissue injury. Antioxid Redox Signal, 20(7):1126-67.

Mohlig, M., Boeing, H., Spranger, J., Osterhoff, M., Kroke, A., Fisher, E., Bergmann, M.M., Ristow, M.,
Hoffmann, K. & Pfeiffer, A.F. 2004. Body mass index and C-174G interleukin-6 promoter polymorphism
interact in predicting type 2 diabetes. J Clin Endocrinol Metab, 89(4):1885-90.

Morris, P.B., Ference, B.A., Jahangir, E., Feldman, D.N., Ryan, J.J., Bahrami, H., EI-Chami, M.F., Bhakta,
S., Winchester, D.E., Al-Mallah, M.H., Sanchez Shields, M., Deedwania, P., Mehta, L.S., Phan, B.A. &
Benowitz, N.L. 2015. Cardiovascular Effects of Exposure to Cigarette Smoke and Electronic Cigarettes:
Clinical Perspectives From the Prevention of Cardiovascular Disease Section Leadership Council and
Early Career Councils of the American College of Cardiology. J Am Coll Cardiol, 66(12):1378-91.

Mostofsky, E., Chahal, H.S., Mukamal, K.J., Rimm, E.B. & Mittleman, M.A. 2016. Alcohol and Immediate
Risk of Cardiovascular Events: A Systematic Review and Dose-Response Meta-Analysis. Circulation,
133(10):979-87.

Motivala, S.J. 2011. Sleep and inflammation: psychoneuroimmunology in the context of cardiovascular
disease. Ann Behav Med, 42(2):141-52.

Motwani, M.P., Bennett, F., Norris, P.C., Maini, A.A., George, M.J., Newson, J., Henderson, A., Hobbs,
A.l., Tepper, M., White, B., Serhan, C.N., Macallister, R. & Gilroy, D.W. 2017. Potent Anti-Inflammatory
and Pro-Resolving Effects of Anabasum in a Human Model of Self-Resolving Acute Inflammation. Clin
Pharmacol Ther.

Mraz, M. & Haluzik, M. 2014. The role of adipose tissue immune cells in obesity and low-grade
inflammation. J Endocrinol, 222(3):R113-27.

Mudau, M., Genis, A., Lochner, A. & Strijdom, H. 2012. Endothelial dysfunction: the early predictor of
atherosclerosis. Cardiovasc J Afr, 23(4):222-31.

Nadeem, A., Naveed, A.K., Hussain, M.M., Aslam, M., Siddiqui, A. & Saeed, S.A. 2013. Variations in
association of Interleukin 6 -G174C single nucleotide polymorphism with type 2 diabetes mellitus—a
review. International Journal of Diabetes in Developing Countries, 33(4):186-91.

Naduvilath, T., John, R. & Dandona, L. 2000. Sample size for ophthalmology studies. Indian Journal of
Ophthalmology, 48(3):245-50.

National Center for Biotechnology Information 2019. IL6 interleukin 6 [ Homo sapiens (human) ].

Navaratnarajah, A. & Jackson, S.H.D. 2013. The physiology of ageing. Medicine, 41(1):5-8.

Navarro, E., Serrano-Heras, G., Castano, M.J. & Solera, J. 2015. Real-time PCR detection chemistry. Clin
Chim Acta, 439(231-50.

Newby, A.C. 2016. Metalloproteinase production from macrophages - a perfect storm leading to
atherosclerotic plaque rupture and myocardial infarction. Exp Physiol, 101(11):1327-37.

REFERENCE LIST Page 135



Nimse, S.B., Sonawane, M.D., Song, K.S. & Kim, T. 2016. Biomarker detection technologies and future
directions. Analyst, 141(3):740-55.

Nordestgaard, B.G. & Varbo, A. 2014. Triglycerides and cardiovascular disease. The Lancet,
384(9943):626-35.

Norman, P.E. & Powell, J.T. 2014. Vitamin D and cardiovascular disease. Circ Res, 114(2):379-93.

Nourshargh, S. & Alon, R. 2014. Leukocyte migration into inflamed tissues. Immunity, 41(5):694-707.

Ofstad, A.P., Gullestad, L., Orvik, E., Aakhus, S., Endresen, K., Ueland, T., Aukrust, P., Fagerland, M.W.,
Birkeland, K.I. & Johansen, O.E. 2013. Interleukin-6 and activin A are independently associated with
cardiovascular events and mortality in type 2 diabetes: the prospective Asker and Baerum
Cardiovascular Diabetes (ABCD) cohort study. Cardiovasc Diabetol, 12(126.

Oldewage-Theron, W. & Slabbert, T.J.C. 2010. Depth of poverty in an informal settlement in the Vaal
region, South Africa. Health SA Gesondheid, 15(1).

Oldewage-Theron, W.H., Egal, A.A. & Grobler, C.J. 2015. Is obesity associated with iron status in the
elderly? A case study from Sharpeville, South Africa. Public Health Nutr, 18(3):521-9.

Oldewage-Theron, W.H., Salami, L., Zotor, F.B. & Venter, C. 2008. Health status of an elderly
population in Sharpeville, South Africa. Health SA Gesondheid, 13(3):3-17.

Olie, R.H., Van Der Meijden, P.E.J. & Ten Cate, H. 2018. The coagulation system in atherothrombosis:
Implications for new therapeutic strategies. Research and Practice in Thrombosis and Haemostasis,
2(2):188-98.

Olmos, G. & Llado, J. 2014. Tumor necrosis factor alpha: a link between neuroinflammation and
excitotoxicity. Mediators Inflamm, 2014(861231.

Otsuka, F., Yasuda, S., Noguchi, T. & Ishibashi-Ueda, H. 2016. Pathology of coronary atherosclerosis
and thrombosis. Cardiovasc Diagn Ther, 6(4):396-408.

Owolabi, M.O., Mensah, G.A., Kimmel, P.L., Adu, D., Ramsay, M., Waddy, S.P., Ovbiagele, B., Rabada-
Diehl, C., Rasooly, R., Akarolo-Anthony, S.N., Rotimi, C. & Consortium, H.A. 2014. Understanding the
rise in cardiovascular diseases in Africa: harmonising H3Africa genomic epidemiological teams and
tools. Cardiovasc J Afr, 25(3):134-6.

Page, M.J., Bester, J. & Pretorius, E. 2018. The inflammatory effects of TNF-alpha and complement
component 3 on coagulation. Sci Rep, 8(1):1812.

Panula, P., Chazot, P.L., Cowart, M., Gutzmer, R., Leurs, R., Liu, W.L., Stark, H., Thurmond, R.L. & Haas,
H.L. 2015. International Union of Basic and Clinical Pharmacology. XCVIIl. Histamine Receptors.
Pharmacol Rev, 67(3):601-55.

REFERENCE LIST Page 136



Parameswaran, N. & Patial, S. 2010. Tumor necrosis factor-alpha signaling in macrophages. Crit Rev
Eukaryot Gene Expr, 20(2):87-103.

Park, K.H. & Park, W.J. 2015. Endothelial Dysfunction: Clinical Implications in Cardiovascular Disease
and Therapeutic Approaches. J Korean Med Sci, 30(9):1213-25.

Paynter, N.P., Everett, B.M. & Cook, N.R. 2014. Cardiovascular disease risk prediction in women: is
there a role for novel biomarkers? Clin Chem, 60(1):88-97.

Pearson, T.A., Mensah, G.A., Alexander, R.W., Anderson, J.L., Cannon, R.0., 3rd, Criqui, M., Fadl, Y.Y.,
Fortmann, S.P., Hong, Y., Myers, G.L., Rifai, N., Smith, S.C.,, Jr., Taubert, K., Tracy, R.P., Vinicor, F.,
Centers for Disease, C., Prevention & American Heart, A. 2003. Markers of inflammation and
cardiovascular disease: application to clinical and public health practice: A statement for healthcare
professionals from the Centers for Disease Control and Prevention and the American Heart
Association. Circulation, 107(3):499-511.

Pedersen, B.K. 2017. Anti-inflammatory effects of exercise: role in diabetes and cardiovascular
disease. Eur J Clin Invest, 47(8):600-11.

Peer, N., Steyn, K., Lombard, C., Gaziano, T. & Levitt, N. 2014. Alarming rise in prevalence of
atherogenic dyslipidaemia in the black population of Cape Town: the Cardiovascular Risk in Black
South Africans (CRIBSA) study. Eur J Prev Cardiol, 21(12):1549-56.

Pepys, M.B. & Hirschfield, G.M. 2003. C-reactive protein: a critical update. Journal of Clinical
Investigation, 111(12):1805-12.

Perk, J., De Backer, G., Gohlke, H., Graham, I., Reiner, Z., Verschuren, M., Albus, C., Benlian, P., Boysen,
G., Cifkova, R., Deaton, C., Ebrahim, S., Fisher, M., Germano, G., Hobbs, R., Hoes, A., Karadeniz, S.,
Mezzani, A., Prescott, E., Ryden, L., Scherer, M., Syvanne, M., Scholte Op Reimer, W.J., Vrints, C.,
Wood, D., Zamorano, J.L., Zannad, F., European Association for Cardiovascular, P., Rehabilitation &
Guidelines, E.S.C.C.F.P. 2012. European Guidelines on cardiovascular disease prevention in clinical
practice (version 2012). The Fifth Joint Task Force of the European Society of Cardiology and Other
Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of
nine societies and by invited experts). Eur Heart J, 33(13):1635-701.

Phosat, C., Panprathip, P., Chumpathat, N., Prangthip, P., Chantratita, N., Soonthornworasiri, N.,
Puduang, S. & Kwanbunjan, K. 2017. Elevated C-reactive protein, interleukin 6, tumor necrosis factor
alpha and glycemic load associated with type 2 diabetes mellitus in rural Thais: a cross-sectional study.
BMC Endocr Disord, 17(1):44.

Phulukdaree, A., Khan, S., Ramkaran, P., Govender, R., Moodley, D. & Chuturgoon, A.A. 2013. The
interleukin-6 -147 g/c polymorphism is associated with increased risk of coronary artery disease in
young South African Indian men. Metab Syndr Relat Disord, 11(3):205-9.

Piepoli, M.F., Hoes, A.W., Agewall, S., Albus, C., Brotons, C., Catapano, A.L., Cooney, M.-T., Corra, U.,
Cosyns, B., Deaton, C., Graham, |, Hall, M.S., Hobbs, F.D.R., Leachen, M.-L., Lollgen, H., Marques-Vidal,
P., Perk, J., Prescott, E., Redon, J., Richter, D.J., Sattar, N., Smulders, Y., Tiberi, M., Bart Van Der Worp,
H., Van Dis, I. & Verschuren, W.M.M. 2016a. 2016 European Guidelines on cardiovascular disease

REFERENCE LIST Page 137



prevention in clinical practice: The Sixth Joint Task Force of the European Society of Cardiology and
Other Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by
representatives of 10 societies and by invited experts) Developed with the special contribution of the
European Association for Cardiovascular Prevention & Rehabilitation (EACPR). Atherosclerosis,
252(207-74.

Piepoli, M.F., Hoes, A.W., Agewall, S., Albus, C., Brotons, C., Catapano, A.L., Cooney, M.T., Corra, U.,
Cosyns, B., Deaton, C., Graham, I, Hall, M.S., Hobbs, F.D.R., Lochen, M.L., Lollgen, H., Marques-Vidal,
P., Perk, J., Prescott, E., Redon, J., Richter, D.J., Sattar, N., Smulders, Y., Tiberi, M., Van Der Worp, H.B.,
Van Dis, I., Verschuren, W.M.M., Binno, S. & Group, E.S.C.S.D. 2016b. 2016 European Guidelines on
cardiovascular disease prevention in clinical practice: The Sixth Joint Task Force of the European
Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice
(constituted by representatives of 10 societies and by invited experts)Developed with the special
contribution of the European Association for Cardiovascular Prevention & Rehabilitation (EACPR). Eur
Heart J, 37(29):2315-81.

Pine, S.R., Mechanic, L.E., Enewold, L., Bowman, E.D., Ryan, B.M., Cote, M.L., Wenzlaff, A.S., Loffredo,
C.A., Olivo-Marston, S., Chaturvedi, A., Caporaso, N.E., Schwartz, A.G. & Harris, C.C. 2016. Differential
Serum Cytokine Levels and Risk of Lung Cancer Between African and European Americans. Cancer
Epidemiol Biomarkers Prev, 25(3):488-97.

Popko, K., Gorecka, D., Demkow, U., Gorska, E., Popko, M., Stoklosa, A., Szwed, T., Celiwinski, P.,
Plywaczewski, R. & Wysik, M. 2010a. The influence of IL-6 and TNF-a genes promoter region
polymorphisms (G174C — IL-6 and G308A — TNF-a) on the level of cytokines in obese and normal
weight subjects. Clinical immunology, 35(1):31-36.

Popko, K., Gorska, E., Potapinska, O., Wasik, M., Stoklosa, A., Plywaczewski, R., Winiarska, M., Gorecka,
D., Sliwinski, P., Popko, M., Szwed, T. & Demkow, U. 2008. Frequency of distribution of inflammatory
cytokines IL-1, IL-6 and TNF-alpha gene polymorphism in patients with obstructive sleep apnea. J
Physiol Pharmacol, 59 Suppl 6(6):607-14.

Popko, K., Gérska, E., Stoktosa, A., Plywaczewski, R., Gérecka, D., Popko, M., Szwed, T., Sliwinski, P.,
Wasik, M. & Demkow, U. 2010b. Clinical immunology<br> The influence of IL-6 and TNF-&#945; genes
promoter region polymorphisms (G174C &#8211; IL-6 and G308A &#8211; TNF-&#945;) on the level
of cytokines in obese and normal weight subjects. Central European Journal of&nbsp;Immunology,
35(1):31-36.

Porth, C.M. 2015. Philadelphia. Essentials of Pathophysiology. 4th ed. Philadelphia: Wolters Kluwer.

Prince, M.J., Wu, F., Guo, Y., Gutierrez Robledo, L.M., O'donnell, M., Sullivan, R. & Yusuf, S. 2015. The
burden of disease in older people and implications for health policy and practice. The Lancet,
385(9967):549-62.

Qiao, J., Arthur, J.F., Gardiner, E.E., Andrews, R.K., Zeng, L. & Xu, K. 2018. Regulation of platelet
activation and thrombus formation by reactive oxygen species. Redox Biol, 14(126-30.

Ramirez Garcia, S.A. 2017. Candidate Genes in Adult Elderly and Adult Intermeddle Diabetes. MOJ
Gerontology & Geriatrics, 2(5).

REFERENCE LIST Page 138



Redelinghuys, M., Norton, G.R., Janse Van Rensburg, N.M., Maseko, M.J., Majane, O.H., Dessein, P. &
Woodiwiss, A.J. 2011. Lack of independent association between C-reactive protein and central aortic
hemodynamics in black Africans with high risk of cardiovascular disease. Am J Hypertens, 24(10):1094-
101.

Reichert, S., Schlitt, A., Benten, A.C., Hofmann, B., Schaller, H.G. & Schulz, S. 2016a. Data on IL-6 c.-
174 G>C genotype and allele frequencies in patients with coronary heart disease in dependence of
cardiovascular outcome. Data Brief, 8(1295-9.

Reichert, S., Schlitt, A., Benten, A.C., Hofmann, B., Schaller, H.G. & Schulz, S. 2016b. The interleukin 6
c.-174 CCgenotype is a predictor for new cardiovascular events in patients with coronary heart disease
within three years follow-up. Cytokine, 83(136-38.

Rensburg, M.A., Matsha, T., Hoffmann, M., Hassan, M.S. & Erasmus, R.T. 2012. Distribution and
association of hs-CRP with cardiovascular risk variables of metabolic syndrome in adolescent learners.
Afr J Lab Med, 1(1):10.

Ridker, P.M. 2003. Cardiology Patient Page. C-reactive protein: a simple test to help predict risk of
heart attack and stroke. Circulation, 108(12):e81-5.

Ridker, P.M. 2016. From C-Reactive Protein to Interleukin-6 to Interleukin-1: Moving Upstream To
Identify Novel Targets for Atheroprotection. Circ Res, 118(1):145-56.

Ridker, P.M., Buring, J.E., Rifai, N. & Cook, N.R. 2007. Development and validation of improved
algorithms for the assessment of global cardiovascular risk in women: the Reynolds Risk Score. JAMA,
297(6):611-9.

Ridker, P.M., Cushman, M., Stampfer, M.J., Tracy, R.P. & Hennekens, C.H. 1997. Inflammation, Aspirin,
and the Risk of Cardiovascular Disease in Apparently Healthy Men. The New England Journal of
Medicine, 336(14):973-79.

Rifai, N., Horvath, A.R. & Wittwer, C.T. 2018. Missouri. Tietz Textbook of Clinical Chemistry and
Molecular Dlaignostics. 6td edition ed. Missouri: Elsevier Inc.

Rodriguez-Hernandez, H., Simental-Mendia, L.E., Rodriguez-Ramirez, G. & Reyes-Romero, M.A. 2013.
Obesity and inflammation: epidemiology, risk factors, and markers of inflammation. Int J Endocrinol,
2013(678159.

Roerecke, M. & Rehm, J. 2014. Alcohol consumption, drinking patterns, and ischemic heart disease: a
narrative review of meta-analyses and a systematic review and meta-analysis of the impact of heavy
drinking occasions on risk for moderate drinkers. Biomed Central Medicine, 12(182).

Ross, R. 1999. Atherosclerosis--an inflammatory disease. N Engl J Med, 340(2):115-26.

Ross, R., Glomset, J. & Harker, L. 1977. Response to injury and atherogenesis. American Journal of
Pathology, 86(3):675-84.

REFERENCE LIST Page 139



Sadashiv, Tiwari, S., Gupta, V., Paul, B.N., Kumar, S., Chandra, A., Dhananjai, S., Negi, M.P. & Ghatak,
A. 2015. IL-6 gene expression in adipose tissue of postmenopausal women and its association with
metabolic risk factors. Mol Cell Endocrinol, 399(87-94.

Saito, M., Yoshida, K., Hibi, M., Taga, T. & Kishimoto, T. 1992. Molecular cloning of a murine IL-6
receptor-associated signal transducer, gp130, and its regulated expression in vivo. The Journal of
Immunology, 148(12):4066.

Sakakura, K., Nakano, M., Otsuka, F., Ladich, E., Kolodgie, F.D. & Virmani, R. 2013. Pathophysiology of
atherosclerosis plaque progression. Heart Lung Circ, 22(6):399-411.

Salazar, J., Martinez, M.S., Chavez, M., Toledo, A., Anez, R., Torres, Y., Apruzzese, V., Silva, C., Rojas, J.
& Bermudez, V. 2014. C-reactive protein: clinical and epidemiological perspectives. Cardiol Res Pract,
2014(605810.

Saxena, M., Agrawal, C.G., Srivastava, N. & Banerjee, M. 2014. Interleukin-6 (IL-6)-597 A/G (rs1800797)
& -174 G/C (rs1800795) gene polymorphisms in type 2 diabetes. Indian J Med Res, 140(1):60-8.

Schett, G. 2018. Physiological effects of modulating the interleukin-6 axis. Rheumatology (Oxford),
57(suppl_2):ii43-ii50.

Sekatane, M.B. 2013. An Application of Different Methodologies for Measuring Poverty in Sharpeville
Township. Mediterranean Journal of Social Sciences.

Serhan, C.N. 2014. Pro-resolving lipid mediators are leads for resolution physiology. Nature,
510(7503):92-101.

Serhan, C.N. 2017. Treating inflammation and infection in the 21st century: new hints from decoding
resolution mediators and mechanisms. FASEB J, 31(4):1273-88.

Shakya, M. & Gupta, N. 2017. One Dimensional Transient State Finite Element Model to Study Thermal
Variations due to Transient Vasoconstriction followed by Persistent Vasodilation during Inflammation
in Surgical Wound of Peripheral Tissues of Human Limb. Indian Journal of Science and Technology,
10(12):1-15.

Shayganni, E., Bahmani, M., Asgary, S. & Rafieian-Kopaei, M. 2016. Inflammaging and cardiovascular
disease: Management by medicinal plants. Phytomedicine, 23(11):1119-26.

Shrivastava, A.K., Singh, H.V., Raizada, A. & Singh, S.K. 2015a. C-reactive protein, inflammation and
coronary heart disease. Egyptian Heart Journal, 67(2):89-97.

Shrivastava, A.K., Singh, H.V., Raizada, A. & Singh, S.K. 2015b. C-reactive protein, inflammation and
coronary heart disease. The Egyptian Heart Journal, 67(2):89-97.

Silva-Herdade, A.S., Andolina, G., Faggio, C., Calado, A. & Saldanha, C. 2016. Erythrocyte deformability
- A partner of the inflammatory response. Microvasc Res, 107(34-8.

REFERENCE LIST Page 140



Simpson, R.J., Hammacher, A., Smith, D.K., Matthews, J.M. & Ward, L.D. 1997. Interleukin-6: Structure-
function relationship. Protein Science, 9(929-55.

Siti, H.N., Kamisah, Y. & Kamsiah, J. 2015. The role of oxidative stress, antioxidants and vascular
inflammation in cardiovascular disease (a review). Vascul Pharmacol, 71(40-56.

Slebioda, T.J. & Kmiec, Z. 2014. Tumour necrosis factor superfamily members in the pathogenesis of
inflammatory bowel disease. Mediators Inflamm, 2014(325129.

Slopen, N., Lewis, T.T., Gruenewald, T.L., Mujahid, M.S., Ryff, C.D., Albert, M.A. & Williams, D.R. 2010.
Early life adversity and inflammation in African Americans and whites in the midlife in the United
States survey. Psychosom Med, 72(7):694-701.

Somers, W., Stahl, M. & Seehra, J.S. 1997. 1.9 A crystal structure of interleukin 6: implications for a
novel mode of receptor dimerization and signaling. EMBO J, 16(5):989-97.

South African Department of Health 2003. National Health Act 61 of 2003.

South African Medical Research Council 2018. The South Africal Medical Research Council Guidelines
on the Responsible Conduct of Research.

Soysal, P., Stubbs, B., Lucato, P., Luchini, C., Solmi, M., Peluso, R., Sergi, G., Isik, A.T., Manzato, E.,
Maggi, S., Maggio, M., Prina, A.M., Cosco, T.D., Wu, Y.T. & Veronese, N. 2016. Inflammation and frailty
in the elderly: A systematic review and meta-analysis. Ageing Res Rev, 31(1-8.

Spoto, B., Mattace-Raso, F., Sijbrands, E., Leonardis, D., Testa, A., Pisano, A., Pizzini, P., Cutrupi, S.,
Parlongo, R.M., D'arrigo, G., Tripepi, G., Mallamaci, F. & Zoccali, C. 2015. Association of IL-6 and a
functional polymorphism in the IL-6 gene with cardiovascular events in patients with CKD. Clin J Am
Soc Nephrol, 10(2):232-40.

Statistics South Africa. 2011. Sharpeville [Online]. Available:
<http://www.statssa.gov.za/?page id=4286&id=11173> [Date Accessed 04/02/2019].

Statistics South Africa. 2014. Census 2011: Profile of older persons in South Africa.

Statistics South Africa. 2015. Mid-year population estamates 2015 P0302. Pretoria.

Stepien, M., Stepien, A., Wlazel, R.N., Paradowski, M., Banach, M. & Rysz, J. 2014. Obesity indices and
inflammatory markers in obese non-diabetic normo- and hypertensive patients: a comparative pilot
study. Lipids Health Dis, 13(29):29.

Talaat, R.M., Alrefaey, S.A., Bassyouni, |.H., Ashour, M.E. & Raouf, A.A. 2016. Genetic polymorphisms
of interleukin 6 and interleukin 10 in Egyptian patients with systemic lupus eythematosus. Lupus,
25(3):255-64.

Taleb, S. 2016. Inflammation in atherosclerosis. Arch Cardiovasc Dis, 109(12):708-15.

REFERENCE LIST Page 141


http://www.statssa.gov.za/?page_id=4286&id=11173

Tartaglia, L.A. & Goeddel, D.V. 1992. Two TNF receptors. Immunology Today, 13(5):151-53.

Tedgui, A. & Mallat, Z. 2006. Cytokines in atherosclerosis: pathogenic and regulatory pathways. Physiol
Rev, 86(2):515-81.

Teixeira, F.G., Mendonca, S.A., Oliveira, K.M., Dos Santos, D.B., Marques, L.M., Amorim, M.M. & De
Souza Gestinari, R. 2014. Interleukin-6 c.-174G>C Polymorphism and Periodontitis in a Brazilian
Population. Mol Biol Int, 2014(490308.

Ten Cate, H., Hackeng, T.M. & Garcia De Frutos, P. 2017. Coagulation factor and protease pathways in
thrombosis and cardiovascular disease. Thromb Haemost, 117(7):1265-71.

Tesauro, M., Mauriello, A., Rovella, V., Annicchiarico-Petruzzelli, M., Cardillo, C., Melino, G. & Di
Daniele, N. 2017. Arterial ageing: from endothelial dysfunction to vascular calcification. J Intern Med,
281(5):471-82.

Testa, R., Olivieri, F., Bonfigli, A.R., Sirolla, C., Boemi, M., Marchegiani, F., Marra, M., Cenerelli, S.,
Antonicelli, R., Dolci, A., Paolisso, G. & Franceschi, C. 2006. Interleukin-6-174 G > C polymorphism
affects the association between IL-6 plasma levels and insulin resistance in type 2 diabetic patients.
Diabetes Res Clin Pract, 71(3):299-305.

Thakur, R., Banerjee, A. & Nikumb, V. 2013. Health problems among the elderly: a cross-sectional
study. Ann Med Health Sci Res, 3(1):19-25.

The Interleukin-6 Receptor Mendelian Randomisation Analysis Consortium 2012. The interleukin-6
receptor as a target for prevention of coronary heart disease: a mendelian randomisation analysis.
The Lancet, 379(9822):1214-24.

Thermo Fisher Scientific 2011. CRP High Sensitivity Konelab™ / T Series.

Thiele, J.R., Zeller, J., Bannasch, H., Stark, G.B., Peter, K. & Eisenhardt, S.U. 2015. Targeting C-Reactive
Protein in Inflammatory Disease by Preventing Conformational Changes. Mediators Inflamm,
2015(372432.

Tillett, W.S. 1930. Serological Reactions in Pneumonia with a Non-Protein Somatic Fraction of
Pneumococcus. Journal of Experimental Medicine, 52(4):561-71.

Tolmay, C.M., Malan, L. & Van Rooyen, J.M. 2012. The relationship between cortisol, C-reactive
protein and hypertension in African and Causcasian women: the POWIRS study. Cardiovasc J Afr,
23(2):78-84.

Tonello, L., Cocchi, M., Gabrielli, F. & Tuszynski, J.A. 2015. On the possible quantum role of serotonin
in consciousness. J Integr Neurosci, 14(3):295-308.

Trial, J., Potempa, L.A. & Entman, M.L. 2016. The role of C-reactive protein in innate and acquired
inflammation: new perspectives. 3(2).

REFERENCE LIST Page 142



Tsimikas, S., Duff, G.W., Berger, P.B., Rogus, J., Huttner, K., Clopton, P., Brilakis, E., Kornman, K.S. &
Witztum, J.L. 2014. Pro-inflammatory interleukin-1 genotypes potentiate the risk of coronary artery

disease and cardiovascular events mediated by oxidized phospholipids and lipoprotein(a). J Am Coll
Cardiol, 63(17):1724-34.

Uehata, T. & Akira, S. 2013. mRNA degradation by the endoribonuclease Regnase-1/ZC3H12a/MCPIP-
1. Biochim Biophys Acta, 1829(6-7):708-13.

United Nations, Department of Economic and Social Affairs, Population Division. 2015a. World
Population Aging 2015.

United Nations, Department of Economic and Social Affairs, Population Division 2015b. World
Population Aging 2015. (ST/ESA/SER.A/390)((ST/ESA/SER.A/390)).

United Nations, New York. 2011. Current Status of the Social Situation, Well-Being, Participation in
Development and Rights of Older Persons Worldwide.

Van Damme, J. 1987. Identification of the human 26-kD protein, interferon beta 2 (IFN-beta 2), as a B
cell hybridoma/plasmacytoma growth factor induced by interleukin 1 and tumor necrosis factor.
Journal of Experimental Medicine, 165(3):914-19.

Van Der Ende, M.Y., Hartman, M.H., Hagemeijer, Y., Meems, L.M., De Vries, H.S., Stolk, R.P., De Boer,
R.A., Sijtsma, A., Van Der Meer, P., Rienstra, M. & Van Der Harst, P. 2017. The LifeLines Cohort Study:
Prevalence and treatment of cardiovascular disease and risk factors. Int J Cardiol, 228(495-500.

Van Der Pas, S., Ramklass, S., O'leary, B., Anderson, S., Keating, N. & Cassim, B. 2015. Features of home
and neighbourhood and the liveability of older South Africans. Eur J Ageing, 12(3):215-27.

Van Snick, J., Cayphas, S., Vink, A., Uyttenhove, C., Coulie, P.G., Rubira, M.R. & Simpson, R.J. 1986.
Purification and NH2-terminal amino acid sequence of a T-cell-derived lymphokine with growth factor
activity for B-cell hybridomas. Proc Natl Acad Sci U S A, 83(24):9679-83.

Van Vuren, E.J., Malan, L., Von Kanel, R., Cockeran, M. & Malan, N.T. 2016. Hyperpulsatile pressure,
systemic inflammation and cardiac stress are associated with cardiac wall remodeling in an African
male cohort: the SABPA study. Hypertens Res, 39(9):648-53.

Vella, S. & Petrie, J.R. 2015. Macrovascular disease: pathogenesis and risk assessment. Medicine,
43(1):1-6.

Veverka, V., Baker, T., Redpath, N.T., Carrington, B., Muskett, F.W., Taylor, R.J., Lawson, A.D., Henry,
A.J. & Carr, M.D. 2012. Conservation of functional sites on interleukin-6 and implications for evolution
of signaling complex assembly and therapeutic intervention. J Biol Chem, 287(47):40043-50.

Viola, J. & Soehnlein, 0. 2015. Atherosclerosis - A matter of unresolved inflammation. Semin Immunol,
27(3):184-93.

REFERENCE LIST Page 143



Wang, J., He, Y., Yang, Y., Song, T., Chen, N. & Zhou, Y. 2015. Association between the TNF-a G-308A
polymorphism and risk of ischemic heart disease: a meta-analysis. International Journal of Clinical and
Experimental Medicine, 8(6):8880-92.

Wang, T., Palucci, D., Law, K., Yanagawa, B., Yam, J. & Butany, J. 2012. Atherosclerosis: pathogenesis
and pathology. Diagnostic Histopathology, 18(11):461-67.

Wang, Z., Wang, X., Chen, Z., Zhang, L. & Zhu, M. 2016. Distribution of High-Sensitivity C-Reactive
Protein and Its Relationship with Other Cardiovascular Risk Factors in the Middle-Aged Chinese
Population. Int J Environ Res Public Health, 13(9).

Watts, A.D., Hunt, N.H., Wanigasekara, Y., Bloomfield, G., Wallach, D., Roufogalis, B.D. & Chaudhri, G.
1999. A casein kinase | motif present in the cytoplasmic domain of members of the tumour necrosis
factor ligand family is implicated in 'reverse signalling'. EMBO J, 18(8):2119-26.

Weissenbach, J., Chernajovsky, Y., Zeevi, M., Shulman, L., Soreq, H., Nir, U., Wallach, D., Perricaudet,
M., Tiollais, P. & Revel, M. 1980. Two interferon mRNAs in human fibroblasts: in vitro translation and
Escherichia coli cloning studies. Proc Natl Acad Sci U S A, 77(12):7152-6.

Willeit, P., Kiechl, S., Kronenberg, F., Witztum, J.L., Santer, P., Mayr, M., Xu, Q., Mayr, A., Willeit, J. &
Tsimikas, S. 2014. Discrimination and net reclassification of cardiovascular risk with lipoprotein(a):
prospective 15-year outcomes in the Bruneck Study. J Am Coll Cardiol, 64(9):851-60.

Windham, B.G., Wilkening, S.R., Lirette, S.T., Kullo, I.J., Turner, S.T., Griswold, M.E. & Mosley, T.H., Jr.
2016. Associations Between Inflammation and Physical Function in African Americans and European
Americans with Prevalent Cardiovascular Risk Factors. J Am Geriatr Soc, 64(7):1448-55.

World Health Organization 2001 2001. World Medical Association Declaration of Helsinki Ethical
Principles for Medical Research Involving Human Subjects. Bulletin of the World Health Organization,
79(4).

World Health Organization. 2015. World report on ageing and health.

World Health Organization, 2016. 2016a. Global report on diabetes. Geneva, Switzerland.

World Health Organization, Geniva. 2011. Global Atlas on cardiovascular disease prevention and
control.

World Health Organization, Geniva 2016b. Global Health Estimates: Deaths by cause, age and sex,
2000-2015.

Writing Group, Mozaffarian, D., Benjamin, E.J., Go, A.S., Arnett, D.K., Blaha, M.J., Cushman, M., Das,
S.R., De Ferranti, S., Despres, J.P., Fullerton, H.J., Howard, V.J., Huffman, M.D., Isasi, C.R., Jimenez,
M.C., Judd, S.E., Kissela, B.M., Lichtman, J.H., Lisabeth, L.D., Liu, S., Mackey, R.H., Magid, D.J., Mcguire,
D.K., Mohler, E.R., 3rd, Moy, C.S., Muntner, P., Mussolino, M.E., Nasir, K., Neumar, R.W., Nichol, G.,
Palaniappan, L., Pandey, D.K., Reeves, M.J., Rodriguez, C.J., Rosamond, W., Sorlie, P.D., Stein, J.,
Towfighi, A., Turan, T.N., Virani, S.S., Woo, D., Yeh, R.W., Turner, M.B., American Heart Association

REFERENCE LIST Page 144



Statistics, C. & Stroke Statistics, S. 2016. Heart Disease and Stroke Statistics-2016 Update: A Report
From the American Heart Association. Circulation, 133(4):e38-360.

Yilmaz, A., llke, H., Alp, E. & Menevse, S. 2012. Chapter 12. Polymerase Chain Reaction.

Yoon, C.Y., Lee, M.J,, Kee, Y.K,, Lee, E., Joo, Y.S., Han, |.M., Han, S.G., Oh, H.J., Park, J.T., Han, S.H., Kang,
S.W. & Yoo, T.H. 2014. Insulin resistance is associated with new-onset cardiovascular events in
nondiabetic patients undergoing peritoneal dialysis. Kidney Res Clin Pract, 33(4):192-8.

Yu, E., Rimm, E., Qj, L., Rexrode, K., Albert, C.M., Sun, Q., Willett, W.C., Hu, F.B. & Manson, J.E. 2016.
Diet, Lifestyle, Biomarkers, Genetic Factors, and Risk of Cardiovascular Disease in the Nurses' Health
Studies. Am J Public Health, 106(9):1616-23.

Yu, F.Y., Xie, C.Q., Jiang, C.L., Sun, J.T. & Huang, X.W. 2018. TNFalpha increases inflammatory factor
expression in synovial fibroblasts through the tolllike receptor3mediated ERK/AKT signaling pathway
in a mouse model of rheumatoid arthritis. Mol Med Rep, 17(6):8475-83.

Yue, H., Han, W. & Sheng, L. 2017. Association of pro-inflammatory cytokines gene polymorphisms
with Alzheimer’s disease susceptibility in the Han Chinese population. Int J Clin Exp Med, 10(3):5422-
28.

Yuepeng, J., Zhao, X., Zhao, Y. & Li, L. 2019. Gene polymorphism associated with TNF-alpha (G308A)
IL-6 (C174G) and susceptibility to coronary atherosclerotic heart disease: A meta-analysis. Medicine
(Baltimore), 98(2):e13813.

Yurdagul, A., Jr., Doran, A.C., Cai, B., Fredman, G. & Tabas, I.A. 2017. Mechanisms and Consequences
of Defective Efferocytosis in Atherosclerosis. Front Cardiovasc Med, 4(86.

Yusuf, S., Rangarajan, S., Teo, K., Islam, S, Li, W,, Liu, L., Bo, J., Lou, Q., Lu, F,, Liu, T, Yu, L., Zhang, S.,
Mony, P., Swaminathan, S., Mohan, V., Gupta, R., Kumar, R., Vijayakumar, K., Lear, S., Anand, S.,
Wielgosz, A., Diaz, R., Avezum, A, Lopez-Jaramillo, P., Lanas, F., Yusoff, K., Ismail, N., Igbal, R., Rahman,
0., Rosengren, A., Yusufali, A., Kelishadi, R., Kruger, A., Puoane, T., Szuba, A., Chifamba, J., Oguz, A,
Mcqueen, M., Mckee, M., Dagenais, G. & Investigators, P. 2014. Cardiovascular risk and events in 17
low-, middle-, and high-income countries. N Engl J Med, 371(9):818-27.

Zheng, L., Fisher, G., Miller, R.E., Peschon, J., Lynch, D.H. & Lenardo, M.J. 1995. Induction of apoptosis
in mature T cells by tumour necrosis factor. Nature, 377(348.

Zilberstein, A., Ruggieri, R., Korn, J.H. & Revel, M. 1986. Structure and expression of cDNA and genes
for human interferon-beta-2, a distinct species inducible by growth-stinulatory cytokines. The EMBO
Journal, 5(10):2529-37.

Ziv-Baran, T., Shenhar-Tsarfaty, S., Etz-Hadar, |., Goldiner, |., Gottreich, A., Alcalay, Y., Zeltser, D.,
Shapira, 1., Angel, Y., Friedensohn, L., Ehrenwald, M., Berliner, S. & Rogowski, O. 2017. The ability of
the wide range CRP assay to classify individuals with low grade inflammation into cardiovascular risk
groups. Clin Chim Acta, 471(185-90.

REFERENCE LIST Page 145



