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Abstract

Current risk assessment for the development of coronary artery disease (CAD) in an individual
relies on a combination of clinical characteristics. These well-established CAD risk factors
include consideration of age, gender, hypertension, dyslipidemia, diabetes, smoking and
obesity. However there are a proportion of patients that experience an acute coronary
syndrome (ACS) event despite being deemed as low risk based on the current New Zealand risk
model. These patients present with an absence of the traditional risk factors, or they fall below

the age threshold where CAD screening is initiated.

The lack of association with disease development and presence of the traditional risk factors in
these patients has led to the hypothesis that genetics play a significant role in the etiology of
their disease. The conduction of family-based hereditary studies has supported the hypothesis
that CAD risk is associated with genetic markers. A method of analyzing this genetic risk has
been developed in the form of calculating a genetic risk score (GRS). The GRS is comprised of a
panel of single nucleotide polymorphisms (SNPs) discovered through genome wide association
studies in CAD patients. Currently, there is controversy in the clinical utility of different GRS
calculation methods, and as yet, there has been no research conducted on the potential benefits

of a GRS in a New Zealand setting.

Our study measured genetic risk through a weighted GRS calculated from a 27 SNP panel in 420
patients in a New Zealand based population. In looking at whether we could determine a
difference in GRS values between premature (young) MI patients and older control patients, we
found that the mean GRS was not significantly elevated in the premature MI cohort (p = 0.156).
However, in assessing GRS differences between ethnicities and in relation to specific risk
factors we saw that mean GRS was higher in patients with a family history of coronary disease
(p = 0.003), in Maori patients (p = 0.013) and in patients with fewer than 2 traditional risk
features (p = 0.001). GRS was not associated with individual traditional risk factors, including
dyslipidaemia, hypertension, diabetes, obesity or gender. Our results showed that genetic risk
for CAD is identifiable with this GRS, and indicates that further research into ethnic differences
and identifying genetic risk in young CAD patients with low traditional risk would provide

interesting insights.
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Chapter 1 - Introduction

1.1Coronary Artery Disease

Coronary Artery Disease (CAD) is the single leading cause of death and morbidity worldwidel2.
In 2012, deaths directly attributed to CAD numbered 7.4 million, accounting for 42% of all
cardiovascular disease deaths2. In the US alone, someone experiences a myocardial infarction
(MI) every 43 seconds and of the people that experience a coronary event approximately 34%
will die because of it3. It is estimated that the cost of heart disease in the US in 2010 was over

USD$204 billion3.

In New Zealand, in alignment with the rest of the developed world, CVD is a leading cause of
death and morbidity, with CAD making up the greatest proportion of these. CAD accounted for
5339 deaths in 2012, which was 17.6% of all deaths. A New Zealander dies from heart disease
every 98 minutes* 4.6% of New Zealand adults have been diagnosed with CAD, numbering
approximately 169,000 peopleS, with a significant number of individuals estimated to be living
with undiagnosed CAD. The economic cost of CAD accounts for a large percentage of New

Zealand health spending and puts significant strain on the health system.

The New Zealand population has a unique ethnic diversity, with the indigenous Maori population
being over represented in national mortality and morbidity statistics®. Maori MI rates are seen to
be consistently high, at a level that is disproportionate to the rest of the NZ population. Maori
ischaemic heart disease mortality rates are 106.2 per 100,000 population, compared to that of
non-Maori at 58.0% While researchers have often hypothesized that there may be a genetic link
to the increased rate of MI in Maori, a common argument has been that environmental and
socioeconomic factors play more of a role’. These include factors at the individual level, such as
diet and exercise, as well as population level inequalities with access to the healthcare system,

with Maori being less likely to be referred for some cardiac interventions than non-Maori 8°.

Maori health initiatives are currently underway in order to ameliorate these ethnic healthcare
differences®. A large component of this is addressing individual cardiac risk factors, of which a

number are observed at a higher rate in Maori. Maori have a higher percentage of smokers and
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obesity than non-Maori and also have much higher rates of mortality from hypertension and

diabetes45.

1.1.1 Premature MI

CAD is often considered a disease of the elderly, however a small proportion of MI events occur
in patients that are younger than 50 years old. Previous studies undertaken in international
cohorts have assessed the incidence of premature MI to be between 2-10%119-20, In New
Zealand, premature MI was observed to account for 12.8% of cases in the Wellington Acute
Coronary Syndrome Registry (WACSR), in a study involving 1199 MI patients?1. The risk profile
of patients that experience premature MI is often observed to differ from that of older MI cases.
In the WACSR study, the premature MI group were more likely to be male, of Maori or Pacific
Island ethnicity, have a higher BMI, have a family history of CAD, and to be current smokers.
The older MI patients were more likely to have hypertension, dyslipidemia and diabetes?1. Age
is often used as a strong indicator of CAD risk??, however these studies outline that relying
upon age as a key risk factor will exclude a significant proportion of at risk patients. Within the
group of patients who experience premature MI, a small subset of patients show little or no risk
according to traditional risk factors. In the WACSR study 36% of patients had one or fewer
traditional risk factors. These patients would have been classified as low risk for cardiovascular
disease using current guidelines?2. Thus, we can see that there are complex factors at play that
are not completely captured by current CAD risk assessment methods. The use of genetic

screening, such as genetic risk scoring, looks to aid in addressing this issue.

Although a higher proportion of premature MI cases are seen to be caused by non-
atherosclerotic processes, such as coronary abnormalities, hypercoagulable states and
recreational drug use than in older MI patients, CAD processes are still seen in the majority of
cases1>. In the case of the WACSR study, all patients that were classified as unstable angina or

had an alternative diagnosis that was not consistent with MI were removed?1.

10
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1.1.2 Pathophysiology of Disease

CAD is a condition in which plaques accumulate within the coronary vessels, leading to
restricted blood flow to the heart. CAD is well regarded as a progressive inflammatory disease.
It presents as plaques within the coronary arteries, which in advanced stages can become large
enough to inhibit blood flow?23.24, The most severe complications normally arise due to rupture

of the plaque, forming a thrombus?5.

Coronary artery lesions, or atherosclerotic lesions, are believed to initiate through the process
of lipids, namely low density lipoprotein (LDL), accumulating within the subendothelial matrix
of the endothelial cells of artery walls. LDL is able to diffuse through the endothelial lining of
the arteries, where it undergoes modifications, such as oxidation, which enables the LDL to be

up-taken by macrophage cells23.26.27,

LDL oxidation takes place primarily through the action of reactive oxygen species (ROS) such as
the superoxide radical (027), hydroxyl radical (‘OH) and hydrogen peroxide (H202). ROS
production is increased by some of the traditional risk factors for CAD, such as
hypercholesterolemia and smoking, which have adverse effects on endothelial function28. As
well as oxidative modifications on LDL, an increase in ROS can lead to a decrease in NO, which
subsequently can result in impaired vasorelaxation and reduce NO’s inhibitory effects on
platelet and leukocyte adhesion, and create a proinflammatory environment. Sources of ROS
include nicotinamide adenine dinucleotide phosphate (NADPH), oxidases, xanthine oxidases,
enzymes of the mitochondrial respiratory chain, and endothelial nitric oxide synthase

(eN0S)28.29,

The sequestering of the now proinflammatory lipoprotein in the endothelium results in
immune cell recruitment, namely monocyte derived cells such as macrophages. The lipoprotein
is phagocytized by macrophages, forming lipid-laden foam cells. These in turn recruit other
immune cells and proinflammatory mediators, including chemokines and cytokines, as well as
stimulating the proliferation of vascular smooth muscle cells (VSMC). These processes form the
nascent atherosclerotic lesion. In a stable atherosclerotic lesion, proliferation of VSMC and the
subsequent increase in fibrous tissue, i.e. collagen and extracellular matrix2839, forms a fibrous

cap over the central, necrotic core of foam cells. Lesion progression can inhibit arterial blood

11
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flow by luminal narrowing. The release of matrix-degrading enzymes, through the increased
release of cytokines resulting from the apoptosis of VSMC, erodes the fibrous cap?28. The

decrease in integrity of the fibrous cap leaves the plaque increasingly susceptible to rupture3l.

Plaque rupture, believed to occur mostly due to mechanical factors, such as blood flow, at sites
of weakness in the fibrous cap exposes the core of the lesion?7.32, The lipid core of the ruptured
plaque is often highly thrombogenic, and when this is exposed to the thrombogenic
components of blood, thrombus formation occurs?’, often reducing the flow of blood to the
heart muscle. Thrombi can form due to platelet activation and activation of the coagulation
cascade due to the presence of tissue factor and fibrin in the ruptured plaque. The clinical
manifestations of these processes present as acute coronary syndromes (ACS), including

unstable angina (UA) and myocardial infarction (MI).

12
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Nomenclature and Main Sequences in Progression Earliest Main Clinical
Histology Onset Growth Correlation
(Typical) Mechanism
Initial Lesion
- Histologically “normal”
- Macrophage infiltration
- Isolated foam cells
From first
Fatty Streak deente
- Mainly intracellular lipid 2
accumulation Clinically
silent
Growth
. . mainly by
Intermediate Lesion lipid addition
- Intracellular lipid
accumulation
- Small extracellular lipid
pools From third
decade
Atheroma
- Intracellular lipid
accumulation
- Core of extracellular lipid
Fibroatheroma  —
- Single or multiple lipid cores Smoth Clinicall
- Fibrotic/calcific layers muscleand A 3; -
collagen
From fourth
Complicated Lesion decade
- Surface defect Thrombosis
- Haematoma-haemorrhage and/or
- thrombosis haematoma

Figure 1: Progression of the atherosclerotic plaque.

A simplified depiction of the sequences in atherosclerosis progression, showing main histology, typical age of onset (this differs in
premature MI), growth mechanism and clinical correlation. Adapted and reproduced with permission from Creative Commons
Attribution Share. Transferred from en.wikipedia to Commons., CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=2816579
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1.2 Acute Coronary Syndromes

The unstable presentation of CAD is defined as an acute coronary syndrome (ACS). An ACS
event is most often due to rupture of an unstable plaque, resulting in the formation of a
thrombus which occludes blood flow to a portion of the heart. This can be a life threatening
condition. This occlusion of blood flow in the arterial lumen can result in ischaemia and
subsequent infarction of the cardiomyocytes of the heart?>. ACS symptoms can occur without
detectable cardiac necrosis. The ACS manifestation of this occurs when these symptoms are
present even when the patient is at rest, with no cardiac cell death being detected, and is
termed unstable angina (UA). UA events are rarely fatal, however are a strong indicator of the
presence of a high grade stenosis and normally do require treatment, either through clinical
intervention or medical management. The formation of a thrombus very often leads to
myocardial infarction (MI), which involves at least some degree of cell death within the heart
(infarction). An occluding thrombus can be fatal, even when resolved. Where the degree of
infarction within the heart wall is significant, structural problems can arise, which can lead to
cardiac remodeling and arrhythmias?>. Thrombus formation is most likely to occur on
vulnerable plaques, i.e. plaques with thin fibrous caps that are therefore more susceptible to

rupture3l.

1.2.1 Clinical Management of ACS

UA is defined as symptoms of ischaemia at rest with no associated cardiomyocyte necrosis, as
determined by levels of cardiac troponin33. MI is defined as a rise in cardiac troponin
concomitant with either symptoms of ischaemia (e.g. chest pain) and/or ECG changes. An MI
can be further categorized as a non-ST-elevation myocardial infarction (NSTEMI) or a ST-
segment elevation myocardial infarction (STEMI). Patients with acute chest pain and a rise in
troponin levels, but with no persistent ST-segment elevation on a 12-lead electrocardiogram
(ECG) characterize a NSTEMI. A STEMI is characterized by acute chest pain, troponin increases
and persistent ST-segment elevation. The difference in NSTEMI and STEMI, shown by ST-
segment changes = 0.1 mV on a 12-lead ECG34, is brought about due to the degree of ischaemia
in the wall of the heart. An ST-segment elevation is indicative of full thickness ischaemia in the
heart wall; that is a transmural injury, which is perceived to be more severe than a

subendocardial infarction.

14
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The primary goal when treating patients that present with ACS events is to limit the extent of
necrosis that occurs within the heart and to mitigate the damage that has already taken place.
Upon presentation, serial ECGs and biomarker levels (troponins) should be taken, along with a
complete set of vital signs. Aspirin should be given to patients with suspected ACS unless
contraindicated, and nitroglycerin or analgesia can be given if required to ameliorate acute
symptoms. Percutaneous coronary intervention (PCI) and thrombolysis are the primary
treatments for reperfusion. Standard medications that are often administered and prescribed
following discharge include anti-platelet drugs such as clopidogrel, which is an irreversible
P2Y12 inhibitor and requires hepatic activation, or ticagrelor, which is a reversible P2Y12
inhibitor that does not require hepatic activation. Other medications can include beta-blockers,

anticoagulants (such as heparin), and statins3>.

The most robust method of reperfusion during an ACS is through PCI, which takes place during
a coronary angiogram. An angiogram involves the insertion of a catheter through either the
radial or femoral artery as an access point to the coronary arteries. Guidelines for treatment
with PCI differ between NSTEMI and STEMI cases3%37. Assuming the degree of CAD present is
treatable through stenting, angioplasty or medical management, and coronary artery bypass
grafting (CABG) is not required, the standard hospital stay for an ACS patient need not exceed a

few days.

15
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There are a number of well-established risk factors for CAD, which are assessed during

cardiovascular risk scoring. Initially, these risk factors were observed and incorporated into a

risk-screening framework during the Framingham Heart Study (FHS). The FHS is an ongoing

cohort study that began in 1948, looking at the epidemiology and risk factors of cardiovascular

disease38.

Recognized risk factors for cardiovascular diseases

include

hypertension,

dyslipidaemia, diabetes, smoking and obesity with gender differences and family history known

to influence risk as well?2,

Risk level women

Risk level men

No diabetes

Non-smoker Smoker
45678 45678

Systolic blood pressure (mm Hg)

180
160
140
120
180
160
140
120

45678 45678
Total cholesterol:HDL ratio

Age
65-74

Age
55-64

Age
45-54

Age
35-44

Dicbetes
Non-smoker Smoker
45678 45678

.

i

45678 45678
Total cholesterol:HDL ratio

Systolic blood pressure (mm Hg)

Systolic blood pressure (mm Hg)

No diabetes
Non-smoker Smoker
4 5 678 4547 8

45678
Total cholesterol:HDL ratio

4 567 8

Age
65-74

Age
55-64

Age
45-54

Age
35-44

Diabetes
Non-smoker Smoker
4 5 6 78 4 5 6 7 8

ic blood pressure (mm Hg)

140 O

45678 45678
Total cholesterol:HDL ratio

Risk level (for women and men)
5-yeor cardiovasculor disease (CVD) risk (fotal and non-fatal)

ngh-EI 15-20%

>30% 5-10%
Very high . 25-30% Modorow-. 10-15%  Mild . 2.5-5%
20-25% <2.5%

Figure 2: New Zealand Cardiovascular Risk Assessment Chart.

Reproduced with permission from New Zealand Ministry of Health under a Creative Commons Attribution 4.0 International License
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Hypertension is a well-established risk factor of CAD that contributes to the progression of
atherosclerotic lesions through a number of mechanisms, including damage to the endothelial
lining of arteries and increases in oxidative stress in the arterial endothelium, which activates
inflammatory responses. However, the exact processes involved are yet to be entirely
elucidated3®. Thiazide diuretics, beta-blockers, angiotensin-converting enzyme inhibitors,
angiotensin II receptor blockers, calcium channel blockers and renin inhibitors are all used to

treat hypertension.

Another factor in the development of atherosclerosis is dyslipidemia. High LDL and low high-
density lipoprotein (HDL) levels are known to lead to increased risk of CAD and subsequent
MI4041  Higher circulating levels of LDL result in more LDL molecules being available to
accumulate within atherosclerotic lesions. Lower circulating levels of HDL results in a decrease
of HDL's effects in inhibiting the oxidation of LDL molecules*2. There are medications available
that have been largely successful at controlling cholesterol levels. Statin drugs, one of the most
highly consumed medications in the world, act as HMG-CoA reductase inhibitors, limiting the
production of cholesterol in the mevalonate pathway. In this way they decrease LDL levels, and
even have modest effects in increasing HDL concentrations, which has been seen to be
beneficial in the CAD setting*344. Other medications, such as PCSK9 inhibitors also decrease
cholesterol levels, albeit through alternative mechanisms#. Lipoprotein (a) [Lp(a)], a
lipoprotein with an LDL-like moiety, has also been causally linked to increased CVD risk.
Research into the impact of Lp(a) on atherothrombotic risk is ongoing, however it is
increasingly recommended as a beneficial biomarker in assessing CAD risk. Lp(a) is also largely
believed to be controlled mostly through genetics, opening up new challenges in relation to

treatment*6.47,

Another major contributor to CAD and ACS events is diabetes. CAD is the largest cause of
mortality in patients with diabetes mellitus. Diabetics are more than twice as likely to develop
cardiovascular disease*849 and the presence of diabetes is seen to result in a higher proportion
of fatal MI*9. Also, traditional risk factors do not account for the entire association between
diabetes and CAD, therefore it is believed that there are other mechanisms that are also

contributing*°.
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Two modifiable risk factors are obesity and smoking. Obesity is a well-established risk factor
for CAD, both indirectly through covariates, such as hypertension, dyslipidaemia, reductions in
HDL and non-insulin dependent diabetes mellitus, as well as being an independent predictor of
CAD in itself>0. Obesity is a global epidemic of increasing concern, thus many health initiatives
are working to mitigate the increasing rates of obesity worldwide>l. Obesity is generally
defined as a body mass index (BMI) = 30; however, this definition raises concern as it does not
take body fat distribution into account>?. Smoking is a contributor to a number of disease
states. In the CAD setting, it is believed to play a role in lesion progression through interactions

with the arterial wall as well as influencing levels of lipoproteins and circulating platelets>2.

Gender is known to play a role in CAD risk, and this is factored in during risk screening. The
incidence of ACS events, especially in patients under 50 years of age, is more prevalent in males
than in females. Women tend to suffer from a primary ACS event approximately 10 years later
than men, and also tend to experience worse outcomes>3. Age is a key factor that is used in CAD
risk assessment. A majority of ACS events occur after the age 50, with a drastic increase in
events being seen in the NZ population after 35 years of age. The prevalence of CAD is higher in

NZ males compared to females in all age groups’.

There are a small proportion of patients that experience an MI even though they do not possess
any of the traditional risk factors for CAD. For these patients it seems that there are processes
involved in the development of CAD that are yet to be discovered, and thus escape current
means of risk screening. A popular hypothesis for this is that a significant proportion of this risk
is driven by genetic factors. It has been proposed that genetic variations may increase an
individual’s susceptibility to each or a combination of traditional risk factors, which can also
then be exacerbated by environmental factors, as well as some genetic variation that increases
an individual’s risk by acting in processes not currently accounted for by traditional risk
factors. It is well documented that family history is an important aspect of determining CAD
risk>455 and while some of this may be accounted for by environmental factors shared within a

family, genetics is also believed to play a significant role.
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1.4 Genetics of CAD

1.4.1 Heritability

It is estimated that between 30-60% of the variation in CAD risk is attributable to genetic
factors4°657, Familial clustering of CAD has been well documented, especially in studies of
twins5457-59, Marenberg et al concluded that death from CAD in younger individuals is likely to
be influenced by genetic factors, and that the genetic effect decreases with age>%. It has also
been observed that the presence of CVD in a parent is an independent risk factor for CVD risk in
offspring and, after adjustment for other risk factors, a significant proportion of this was
deemed to be due to genetics>>90, Parental history was not only found to be an indicator of the
presence of CAD in offspring, but also, for patients with low levels of traditional risk factors,

indicated the extent of the occlusions found during coronary angiography to be greater®1.

1.4.2 Known Genetic Risk Factors

The etiology of CAD is known to be multi-faceted, not only with the number of environmental
factors, but also with the vast number of genetic factors that play a role. The interactions
between the environmental and genetic factors are complex. An individual may inherit the
version of a gene that makes them more susceptible to CAD, but it often involves specific
environmental factors to interact with the person’s specific genotype for the disease to
progress®2. Therefore, in the vast majority of patients we do not see CAD being present due to a
single Mendelian trait. However, there are rare cases, most often in familial clusters, where a

single gene has been identified as the major cause of an individual’s CAD.

Thanks to candidate gene and linkage analyses studies there is a list of established genetic
mutations that are well studied in regards to their mechanisms in CAD development. Some of
these are single gene mutations that impact key processes. Modifications in one such gene, an
autosomal dominant mutation in LDLR, coding for the LDL receptor, causes familial
hypercholesterolemia (FH). FH is the result of the LDL receptors diminished ability to control
circulating LDL levels. Patients with FH are much more likely to suffer an ACS at a younger age

due to accelerated development of atherosclerotic lesions®3. Familial defective mutations in the
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apolipoprotein B-100 gene (APOB) can result in a clinical phenotype that is indistinguishable

from the FH that results from LDLR mutations®?2.

MEF2A, a gene believed to cause an autosomal dominant form of CAD (adCAD1) is found on
chromosome 15 and codes for a transcription factor that is thought to play a role in myocyte
differentiation®2. This MEF2A signaling pathway was implicated in CAD pathogenesis during a
study of one large family, which included 13 members with CAD, and who shared a 7 amino

acid deletion in the MEF2A gene®4.

These genes are an example of a group of known genetic causes of CAD that often act as the
primary source in the pathology of the disease. The presence of mutations within these genes
often resulting in large effects by themselves, as well as the fact that these mutations are
relatively rare, results in them offering little benefit for use within a SNP panel for a GRS. These
GRS’ are designed to calculate risk of CAD due to the combined effects of a number of mutations
in the general population, and to find this risk where it might normally be missed. Where these
mutations are present, their effects will normally be discovered from the more severe
phenotypes that result, hence their inclusion in a GRS is often not required. These factors do not
account for all of the genetic risk that is associated with CAD. There are known to be many
more genes, involved in many more processes, including both genes and processes that are yet

to be elucidated within the CAD context.

1.4.3 Genome Wide Association Studies

A key method in discovering these genetic markers is the use of genome wide association
studies (GWAS). GWAS is a powerful tool for analyzing DNA sequence variations across the
entire genome, in search of genetic risk factors for common diseases. The unit of variation
analyzed in GWAS is the single nucleotide polymorphism (SNP), which is a change in the
genome that involves just one base pair®>. GWAS typically compare thousands of different SNPs
across thousands of patients, using the common disease-common variant hypothesis.
Numerous GWA studies have taken place within the CAD context, leading to the discovery of
many SNPs that are linked to CAD®6-68, Of these studies, a number of meta-analyses have been

run, producing confirmation of existing SNPs as well as further discovery of novel loci®%79.
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1.4.4 Single Nucleotide Polymorphism Panels and Genetic Risk Scores

The individual SNPs discovered in these GWA studies, although having reached significance in
their association with CAD, often only have modest effects in their actual contribution to the
disease. For this reason, panels incorporating a number of stringently validated SNPs are
produced. These SNP panels aim to assess the combined effects that the presence of the SNPs
may have on an individual through the calculation of a genetic risk score (GRS). The use of a
GRS proposes many benefits, in the form of the sheer scale of variants that can be analyzed, the
precision in disease etiology and therefore treatment strategies it offers and the new pathways
that are implicated in the disease process that can be discovered. A major benefit also, is that
genetic information is consistent through the lifespan of an individual, therefore a GRS can

complement risk screening at any stage>6.

Many studies have incorporated the use of a GRS in order to assess the combined genetic effects
of different combinations of SNPs on CAD and MI. The majority of studies identify that a GRS, in
whichever way it was constructed, associates with CAD and/or MI risk. However, the additive
information that the GRS generates does vary, and therefore there are mixed results in regards
to the power of the GRS to give extra risk prediction over and above traditional risk factors71-87,
While all of these studies were similar in their design and methodology, using GRS calculations
based upon the presence or absence of SNPs found to be associated CAD, a number of
differences exist between them. The SNPs incorporated into the GRS differed greatly between
the studies. Some focused on single pathways believed to be crucial in CAD onset’377, while
others were much more broad’1.86. The number of SNPs used varied significantly, ranging from
9 to 49,3107188, Also, the patient cohorts used included different demographics and ethnicities.
In addition to this, the method of calculating the GRS can also change, with some studies using
weighted sums of the alleles present and others simply adding the number of risk alleles seen.
Consequently we see substantial disagreement in the literature in regards to which method of
GRS and which combination of SNPs is most beneficial in increasing CAD risk prediction.

Therefore, more research is required to test these GRS study designs in different populations.

While the number of SNPs that can be incorporated into a GRS can vary immensely, a range of
SNPs from 10-50 seems to show sufficient utility, with panels bigger than this often not

producing significantly increased benefit. One study, conducted by Vaara et al, tested this
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hypothesis by comparing the GRS of two SNP panels in estimating recurrent ACS. One
incorporated 47 SNPs (GRS47) and the other 153 SNPs (GRS153). Their results showed that
GRS47 showed association with recurrent ACS, whereas GRS153 did not86. Another example of
this is found in the studies of Abraham et al and Kathiresan et al. Abraham et al used a GRS
calculated from a panel of 49,310 SNPs covering a broad range of cellular processes and found
that this GRS did associate with incident ACS events independent of traditional risk factors71. At
the other end of the scale, Kathiresan et al used a GRS calculated from 9 SNPs that are all
associated with LDL or HDL levels. They were able to see an association between their GRS and
incident cardiovascular disease (outcomes included myocardial infarction, ischaemic stroke
and death), that similarly was independent of traditional risk factors, even though they had
49,301 less SNPs®88. Hence we can see that the quality of a SNP panel does not appear to rely on
the number of SNPs analyzed, but more on what specific SNPs are included.

Mega et al calculated a GRS from the presence or absence of 27 SNPs in their panel. The number
of risk alleles present (0, 1 or 2) was weighted by the log of the odds ratio for each of the SNPs.
A linear sum of these then produced the genetic risk score for each patient. They tested to see
whether this GRS could identify risk of incident and recurrent ACS events in 48,421 patients
from five different studies. They found that their GRS could identify individuals who were at
increased risk for both incident and recurrent ACS events®?. The results of this study, with the
successful identification of ACS risk in nearly 50,000 European patients, inspired the basis of
this thesis, with the aim of assessing the GRS score derived from Mega et al within the New
Zealand context. NZ has a unique ethnic diversity, and the similarities of risk markers when

compared to European populations are unknown.

This current thesis set to explore the variation in genetic risk between patients who
experienced premature MI and those that suffered an MI at age 60 or older within a local New
Zealand based population, involving CAD patients presenting to Wellington Hospital. This is
designed to help answer whether the SNPs identified in GWAS studies to date, namely the 27
SNPs within the Mega et al panel, are involved in processes that exacerbate the earlier onset of
CAD, or if they are more strongly associated to the majority of CAD cases that occur in later life.
Using the GRS technique, we will also be able to see the spread of GRS values throughout the

population, and be able to equate risk with specific clinical characteristics.
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The number of studies involving GRS methodology have all taken place in populations different
from New Zealand’s unique ethnic groups. As such, they are have unknown utility in the NZ
healthcare setting, as our Maori population may show substantial variation in risk alleles and
SNP frequency. Therefore, in order to gather the information required to one day include more
personalized genetic risk screening in to our CAD prevention guidelines, research such as this is
required to assess whether studies conducted overseas in mostly European and US patients are
able to be extrapolated for use in NZ. The design of this study will also enable us to gather pilot
data for questions regarding SNP frequencies in our population, and the relationship between

traditional risk factors (individual and combined) and genetic risk.

The study will incorporate the 27 SNP panel, designed by Mega et al from SNP data generated
from the Malmo Diet and Cancer study (MDCS)?0. Genetic risk will be scored in the same
manner as within the Mega et al study also, calculating the sum of the weighted SNPs that are
present. The SNPs included in the panel were chosen by Mega et al on the basis of their
significant association with CAD at a genome wide level, and their subsequent validation in
further studies. The results of the Mega et al study show that the use of this specific SNP panel
and GRS calculation does have the ability to detect increased genetic risk in both primary and
secondary prevention in Europeans. The overarching goal of this theme of study is to further
the research towards precision medicine. In being able to assess an individual’s genetic risk,
and use this in conjunction with traditional risk factor screening, the possibility to tailor

treatments and preventative strategies becomes more of a realistic objective.
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Lead SNP
rs646776
rs17114036
rs11206510
rs17465637
rs6725887
rs9818870
rs17609940
rs9349379
rs12190287
rs3798220
rs10455872
rs11556924
rs4977574
rs635634
rs1746048
rs12413409
rs964184
rs2259816
rs3184504
rs4773144
rs2895811
rs3825807
rs12936587
rs216172
rs46522
rs1122608
rs9982601

Position (Gene)
1p13.3 (SORT1)
1p32.2 (PPAP2B)
1p32.3 (PCSK9)
1q41 (MIA3)
2q33.1 (WDR12)
3q22.3 (MRAS)
6p21.31 (ANKS1A)
6p24.1 (PHACTRI1)
6q23.2 (TCF21)
6q25.3 (LPA)
6q25.3 (LPA)
7q32.2 (ZC3HC1)
9p21.3 (CDKN2A)
9q34.2 (ABO)
10q11.21 (CXCL12)

10q24.32 (CYP17A1)

11q23.3 (APOAS5)
12q24 (HNF1A)
12q24.12 (SH2B3)
13q34 (COL4A1)
14q32.2 (HHIPLI)
15q25.1 (ADAMTS?)
17p11.2 (RASD1)
17p13.3 (SMG6)
17q21.32 (UBE2Z)
19p13.2 (LDLR)
21q22.11 (KCNE2)

Risk Allele

O 39 0o o 490 o 399 0 o 0 3900000003900 39> 3

—

OR for CAD Risk Frequency

1-19
1-17
1-15
1-14
1-17
1-15
1-07
1-12
1-08
1-47
1-70
1-09
1-29
1-10
117
1-12
1-13
1-08
1-13
1-07
1-07
1-08
1-07
1-07
1-06
1-15
1-20

0-77
0-92
0-82
0-75
0-13
0-15
0-79
0-43
0-63
0-01
0-07
0-64
0-55
0-21
0-86
0-90
0-13
0-35
0-48
0-41
0-45
0-57
0-53
0-64
0-48
0-77
0-13

Table 1: 27 SNP panel. Loci information for the SNPs comprising the GRS panel. Data for the SNPs
and the risk alleles was obtained from the Malmo diet and cancer study (MDCS)%. Position shows

chromosomal location and associated gene.
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Figure 3: SNP Chromosome ideogram showing location of genes associated with the 27 SNP panel. adapted from
Dai et al, 2016 under the Creative Commons Attribution-Noncommercial Licence
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1.4.6 SNP Panel Gene Functions

The SNPs that comprise the 27 SNP panel have all been linked to associated genes, as shown in
table 1. While some of these genes function within processes that are known to relate to CAD
progression, others are in pathways that appear to be novel with regards to CAD. A summary of

these genes and their primary functions is below:

SORT1

The SORT1 gene encodes a membrane glycoprotein named sortilin. Sortilin functions as
a sorting receptor, and has been linked to cardiovascular disease in several studies 91-93.
Sortilin that is present in macrophages promotes the uptake of LDL. This may be an
important process in the formation of foam cells, and therefore in atherosclerotic lesion
development. A deficiency in sortilin may protect against atherosclerosis by reducing

LDL uptake from macrophages. An excess of sortilin may exacerbate lesion formation®4.

PPAP2B

PPAPZ2B codes for phosphatidic acid phosphatase type 2B (PPAP2B). PPAP2B, a type-2
plasma membrane bound protein, catalyzes the dephosphorylation of lysophosphatidic
acid (LPA) to form diacylglycerol. It has a role in metabolic pathways controlling the
synthesis of glycerophospholipids and triacylglycerols, as well as involvement in
receptor-activated signal transduction. Dysregulated LPA has many potential methods
of exacerbating atherosclerosis, through inflammatory cytokine release, monocyte

adhesion, endothelial integrity changes and LDL uptake?>.

PCSK9

PCSK9 codes for the PCSK9 protein. PCSK9 is a glycoprotein that binds and assists the
degradation of LDLR, and thus helps modulate LDL levels. It is highly expressed in the
liver, intestine and kidneys. PCSK9 has been proven as a therapeutic target to reduce

LDL, often in joint therapy with statins#*>.
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MIA3

The MIA3 gene encodes the melanoma inhibitory activity family member 3 (MIA3)
protein, also known as TANGO1 (transport and golgi organisation). MIA3 is located in
the ER exit site, where it loads cargo molecules (such as COL7A1) into COPII carriers to
promote their secretion out of the ER%. MIA3 contributes to both tumour suppression??

and progression?s.

WDR12

The WDR12 gene codes for the WD repeat domain 12 protein (WDR12). WDR12 is a
member of the WD repeat protein family. The members of this family are involved in
many cellular processes, including cell cycle progression, signal transduction, apoptosis
and gene regulation. WDR12 Participates in ribosome biogenesis and cell
proliferation®. Deletion of WDRI1Z2 inhibits cell proliferation19. Over expression of
WDR12 could deteriorate both systolic and diastolic function of the rat heart. Also, a

WDR12 variant was associated with diastolic dysfunction in human subjects101.

MRAS

M-ras, encoded by the MRAS gene is a ras-related protein. It is a membrane anchored,
intracellular signal transducer. MRAS is activated in a significant number of tumours
and is therefore implicated in many types of cancerl02. The M-ras protein is highly
expressed in the cardiovascular system and is thought to have a role in adhesion

signaling103,

ANKS1A
ANKS1A codes for Ankyrin Repeat and SAM domain-containing protein 1A which is also

known as Odin. Odin is an effector of EGFR recycling104.

PHACTR1

Phosphatase and Actin Regulator 1 (PHACTR1) controls PP1 activity and F-actin
remodelling. It is involved in the control of tubulogenesis, actin polymerization and
lamellipodial dynamics195. PHACTR1 is thought to play a role in cell motility and
vascular morphogenesis10. Suppression of PHACTRI leads to increased expression of

death cell receptors, leading to apoptosisi?’. PHACTR1 is often found in GWAS studies

27



Hadley Northcott

for coronary artery disease, however little is known about PHACTR1 function within the
heart. In muscle cells however, it can bind actin and regulate the reorganization of the

actin cytoskeleton.

TCF21

Transcription Factor 21 (TCF21) manages cell fate specification, commitment and
differentiation in a number of cell lineages. It is involved in the specification of the
cardiac fibroblast lineage08. Without TCF21, fibroblast progenitor cells do not undergo
epithelial-to-mesenchymal transition. TCF21 has structural heart effects and is involved
in coronary artery integrity. TCF21 is a tumour suppressor which is silenced in many

cancers109,

LPA

LPA codes for Lipoprotein (a) [Lp(a)]. Lp(a) consists of an LDL-like particle and
apolipoprotein (a) [apo(a)], which is covalently bound to the apoB moiety of the LDL-
like particle. Plasma concentration of Lp(a) is highly heritable and mainly controlled by
the LPA gene. The structure of Lp(a) is largely similar to plasminogen and tPA and it
competes with plasminogen for its binding site, leading to reduced fibrinolysis. Also,
Lp(a) stimulates secretion of PAI-1, which can lead to thrombogenesis. Lp(a) carries
cholesterol, thus contributes to atherosclerosis110. Lp(a) transports oxidized
phospholipids, which attract inflammatory cells to vessel walls and leads to smooth

muscle cell proliferation111-113,

ZC3HC1

Zinc Finger, C3HC-type containing 1 is also known as nuclear interacting partner of ALK
(NIPA). The rs11556924 SNP results in an arginine to histidine polymorphism at amino
acid residue 363 in ZC3HC1. ZC3HC(C1 is broadly expressed, especially in the heart,

skeletal muscles and testis114, ZC3HC1 is involved in cell cycle regulation!1>116,
CDKNZA

Cyclin dependent kinase inhibitor 2A (CDKNZ2A) is associated with many diseases,

including CAD, diabetes and many cancers!l’. It is involved in transcriptional

28



Hadley Northcott

repression. The gene codes for 3 proteins (INK4A, ARF, INK4B) that act as tumour

suppressors by regulating the cell cyclel18.

ABO

The ABO gene encodes the histo-blood group ABO system transferase. This gene
determines the ABO blood group of an individual. This is achieved through the
modification of oligosaccharides on cell surface glycoproteins. Variations in the
sequence of the protein determine the type of modification and therefore the blood
group of the individual!1%120, Blood group differences could be linked to MI as the

different groups have varying levels of clotting factors121.

CXCL12

C-X-C motif Chemokine 12 otherwise known as Stromal Cell Derived Factor 1 (SDF1) is
a chemokine protein. It is a member of the intercrine family and is involved in
embryogenesis, immune surveillance, inflammation response and tissue homeostasis as
well as tumour growth and metastasis122. CXCL12 is a chemoattractant active on T-
lymphocytes and monocytes. It activates CXCR4 to induce a rapid, transient rise in the
level of intracellular Ca%*. CXCL12 is a regulator of monocyte migration and adhesion
and has been implicated in heart disease!23.124, CXCL12 has been proposed as a method

of stem cell based tissue regeneration following cardiac myopathy125126,

CYP17A1
Cytochrome P450 17A1 (CYP17A1) is a monooxygenase that catalyzes reactions in drug
metabolism as well as synthesis of cholesterol, steroids and other lipids. The CYP17A1

enzyme catalyzes a carbon-carbon bond scission among other functions27.

APOAS5
Apolipoprotein A V (APOA5) is a regulator of plasma triglyceride levels and a
component of VLDL and HDL. It is hypothesized that APOAS5 affects lipoprotein

metabolism by interacting with the LDL-R gene family receptors128.
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HNF1A
HNF1 homeobox A (HNF1A) is a transcription factor that is highly expressed in the
liver. It regulates expression of a number of liver specific genes'2°. HNF1A also has

possible links to levels of C-reactive protein13°,

SH2B3
SH2B adapter protein 3 (SH2B3) is a regulator of signaling pathways in hematopoiesis,
inflammation and cell migration31. It is involved in a wide range of diseases, including

blood diseases, autoimmune disorders and vascular diseasel32,

COL4A1
Collagen, Type IV, Alpha 1 (COL4A1) is a subunit of type IV collagen. Type IV collagen is
the major structural component of basement membranes. In a normal artery wall,

collagen type IV inhibits smooth muscle cell proliferation?33.

HHIPL1

Hedgehog Interacting Protein (HHIPL1) is expressed in arterial endothelial cells. It is
involved in vascular remodeling and is downregulated in tumour cells134, HHIPL1 is
abundant in aortic endothelial cells and affects vascular remodelling through regulation

of the Hedgehog-VEGF-Notch signaling cascade?3>.

ADAMTS7

A disintegrin and metalloproteinase with thrombospondin motifs 7 (ADAMTS?7) is a zinc
dependent protease that catalyzes the degradation of cartilage oligomeric matrix
protein (COMP)136 and mediates VSMC migration!37. A deficiency in ADAMTS7 in
hyperlipidemic mice attenuates the formation of atherosclerotic lesions, therefore

inhibition of ADAMTS7 could be atheroprotectivel3s,

RASD1
Dexamethasone-induced Ras-related protein 1 (RASD1) is a member of the Ras
superfamily of small G-proteins. RASD1 regulates signal transduction pathways through

G-proteins and GPCRs and in this way can prevent aberrant cell growth13°.
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SMG6
SMG6 codes for the protein telomerase-binding protein EST1A. SMG6 binds single
stranded DNA in telomere maintenance and ssSRNA in nonsense-mediated mRNA decay

140,141, SMG6 functions in both telomere maintenance and RNA surveillance pathways140,

UBE2Z
Ubiquitin conjugating enzyme E2 Z (UBE2Z) is an E2 ubiquitin conjugating enzyme that
is involved in protein ubiquination, which is a major component of protein degradation,

during proteolysis142,

LDLR

The low-density lipoprotein receptor (LDLR) gene family are cell surface proteins that
are involved in receptor mediated endocytosis of specific ligands. LDL is normally
bound at the cell membrane and taken into the cell, ending up in lysosomes where it can
be degraded and the cholesterol made available for HMG CoA reductase in the
cholesterol synthesis pathway. Mutations in LDLR can lead to familial

hypercholesterolemia (FH) and premature MI143,

KCNE2

Potassium voltage-gated channel subfamily E member 2 (KCNE2) is a voltage-gated
potassium channel subunit that is associated with long QT syndrome!44. KCNE2 has the
ability to regulate a number of different ion channels, and therefore influences multiple

cell types and tissues144145,
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1.5 Thesis Aims

This study aims to investigate the variation in genetic risk of ACS, as measured by a GRS in

a New Zealand based population.

Our primary aim is to assess the differences in GRS values between a premature MI patient

cohort (under 50 years old) and a 60 years or older control group.

We will also analyze variation in GRS values between patients of different ethnicities
(Maori and non-Maori), and evaluate associations between the GRS and traditional risk
factors including hypertension, dyslipidaemia, diabetes and obesity, as well as family

history of CAD and gender.

This study will also enable us to investigate the distribution of the GRS values in the NZ
population, and to compare the risk allele frequencies of the individual SNPs between the
study groups (premature MI vs. over 60 MI, Maori vs. non-Maori, and Total NZ study

population vs. reported overseas based populations).

These questions will enable us to gain further understanding of the utility of genetic risk
scoring in ACS risk prediction. We will also be able to assess whether this specific GRS,
developed by Mega et al, has the ability to determine genetic risk for ACS in a New Zealand

based population.
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Chapter 2 - Methods:

2.1 - Study Population
We screened patients who presented to Wellington Regional Hospital with an ACS
between January 2012 and March 2016. Patients were required to have a coronary
angiogram planned (* PCI) and must have been adequately pre-treated with dual anti-
platelet therapy (DAPT). DAPT was defined as chronic therapy with aspirin (=75
mg/day) and either Clopidogrel (275 mg/day) or Ticagrelor (290 mg/day) and/or
loading with aspirin 2300 mg and Clopidogrel or Ticagrelor 2300 mg at least 6 hours
prior to enrolment. Criteria for the diagnosis of an ACS included symptoms suggestive
of myocardial ischemia lasting longer than 10 minutes, combined with elevated
troponin levels and/or 21mm of new ST segment deviation or T wave inversion on an
electrocardiogram (ECG) in at least 2 contiguous leads, as fitting the Third Universal
Definition of Myocardial Infarction 34. Exclusion criteria included a platelet count of less
than 100 x 10°/L, a known platelet function disorder, administration of a thrombolytic
agent within 24 hours of enrolment or administration of an oral antiplatelet agent
other than Aspirin, Clopidogrel or Ticagrelor within a week prior to enrolment. This
study was reviewed and approved by the Lower South Ethics Committee
(LRS/11/09/035). Participation in this study was voluntary, and each patient gave

informed written consent at the time of recruitment.

From within our biobank we identified 140 patients for our premature myocardial
infarction cohort based upon age (under 50 years), and the presence of verified
coronary artery disease, classified as observation of an occlusion of greater than 50%
being found during angiography. Our control population (n=280) was selected by
filtering for patients who experienced their first MI at 60 years or older, with verified

obstructive disease (greater than 50% occlusion).
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2.2 - Data Collection
Patient data including demographics, clinical characteristics, previous medical history,
medications, full blood count, cardiac enzyme profile and observations at time of
admission were recorded prospectively from patient medical records at the time of

enrolment. Procedural variables and in hospital outcomes were noted.

2.3 - Blood Collection and Storage
Blood samples were collected from the patient as they underwent angiography in the
Catheterization Laboratory. Whole blood samples were stored in EDTA treated blood
collection tubes and stored at -80°C within our Wellington Acute Coronary Syndrome

registry blood bank in our laboratory at Wellington Hospital.

2.4 - DNA Extraction
DNA was extracted from 3 ml EDTA treated whole blood samples using the Promega
Wizard® Genomic DNA Purification Kit as per manufacturer guidelines (Promega

Corporation, Madison, WI).

3 ml of whole blood was added to 9 ml of cell lysis solution in 15 ml falcon tubes.
The tubes were capped and placed on the suspension mixer for 12 minutes and were
then centrifuged at 5000 rpm for 5 minutes.
We then ensured the white cell pellet was at the base of the tube, before we poured off
the supernatant, making sure the cell pellet did not dislodge.
The pellet was gently washed with 3 ml of 0.9% Sodium Chloride before the tube was
inverted to dry.
3 ml of nuclei lysis solution was then added to the pellet, and the white blood cells were
resuspended using a Pasteur pipette.
We added 1 ml of protein precipitation solution, replaced the cap on the tube and
vortexed for 20 seconds.
The sample was centrifuged at 5000 rpm for 5 minutes once more before the
supernatant was transferred to a clean second tube.
3 ml of isopropanol was added to the supernatant in the second tube and the sample
was placed on the suspension mixer for one minute to precipitate the DNA.
The sample was centrifuged for one minute at 5000 rpm, then the supernatant was
decanted, being sure to retain the DNA pellet.
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3 ml of 70% ethanol was added to the sample and mixed gently by inversion.

The sample was centrifuged for one minute at 5000 rpm, then the supernatant was
decanted, retaining the DNA pellet.

The tubes were inverted to drain for approximately 10 minutes before being placed
inverted in a 37°C incubator for one hour.

200 pl of DNA rehydration solution (TE buffer) was added and then the capped tubes
were returned to the 37°C incubator overnight.

The 200 pl of rehydrated DNA solution was then transferred into 0.65 mL Eppendorf
tubes and stored at 4°C.

The concentration of genomic DNA was measured using the Qubit Fluorometer

(Thermo Fisher Scientific Inc, Waltham, MA). The samples were then standardized to 10

ng/ul.
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2.5 - Genotyping

Genotyping was performed on the Sequenom MassARRAY iPLEX Platform following PCR

amplification of the SNP regions146,

DNA samples at 10 ng/ul PCR

Make a master mix consisting of the primers for all 27 loci + buffer + MgCl% + dNTPs

+ water + enzyme

Add 3 pl of master mix + 2 pl of sample per well in a 96 well plate

PCR thermocycling conditions:

o

o

o

o

o

o

94 degrees - 2 minutes

94 degrees - 30 seconds |

56 degrees - 30 seconds | 45 cycles
72 degrees - 1 minute |

72 degrees - 5 minutes

4 degrees - hold

Shrimp Alkaline Phosphatase (SAP) treatment:

o Deactivates remaining dNTPs
» 37 degrees 40 minutes
= 85 degrees 5 minutes
» 4 degrees hold
o Heat deactivated
Extension
o Add Terminator mix of ddNTPs to extend SNP (single base extension)
o ddNTPs are weighted (only 2 of them) to increase the differences between
the weights so that it can be more accurately measured by the MALDI-TOF.
o Extension reaction thermocycling conditions

» 94 degrees 30 seconds

» 94 degrees 5 seconds |

» 52 degrees5seconds |5 cycles | 40 cycles
= 80degrees5seconds | |

= 72 degrees 3 minutes

» 4 degrees hold
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o No-Template Controls were included (water)

o Final volume from the PCR stage is 9 pl

o 16 ul of water is added to dilute the sample to the concentration required by
the Sequenom (25 pl total volume in well)

o Also, add resin at this step to de-ionize/de-salt solution

o Rotate slowly for 30 minutes

o Centrifuge after so that the resin sits at the bottom of the wells

Ensure that the primers are balanced for the mass spec

Set up the assay on the Sequenom software:

Set up CAD panel Amplication
Select points on the plate to take from and 10-mertag ,

, ~_ forward PCR p?g\%] '
points on the chip to spot on to Ay (G/C] e

Genomic DNA
Input sample IDs into software - correlate I rig
with location on the plate and where being " |

[C/G]

SpOttEd on the Chip [GIC)

v
SAP Treatment

}

The Nanodispenser will spot on the chip

iPLEX Reaction
o MaChlne tlpS prOtOCOI: Primer extension into SNP site
. R ) —— C 4—/
nse 1n Water Primer 2 extension into SNP site

——— G

Cc

l

= Sonicate in 50% ethanol

- Dry Sample conditioning, dispensing, and
. MALDI-TOF MS

»  Pick up sample |

Spectrum v
= Spot
= Repeat

U UL L,
Once the samples have been loaded onto the 24-plex spectrum

. .. Oeth et al, 2007
chip, load the chip into the Sequenom MALDI- Figure 4: iPLEX single assay process

TOF
Once the required level of vacuum has been reached, 10 shots will be fired at the

sample, leading to excitation and flight
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Data output with spectra can be manually checked - check alignment and calls i.e.
rule out adducts, clarify peaks, yield vs spread etc.
Once calls have been adjudicated a genotyping report can be exported in .xls

format147,
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2.6 - Construction of the Genetic Risk Score

The genetic risk score was calculated from the presence or absence of the 27 SNPs in
the panel. The number of risk alleles present (0, 1 or 2) was weighted by the log of the
odds ratio for each of the SNPs. A linear sum of these then produced the genetic risk

score for each patient.

This took the form of:

Z(a . logOR)

Where:
a = number of risk alleles present per SNP

OR = odds ratio for each SNP

For example, a SNP with an odds ratio of 1.19 with one risk allele present would be

calculated as:
1xlog1.19

log1.19 =0.075546961

0.075546961 x 1 =0.075546961
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This calculation is repeated for each of the 27 SNPs for every patient in the study.

Creating a list of values such as this:

0
0.121395681
0.121395681
0
0.066847511
0.098436045
0.058767555
0.136371723
0.136371723
0
0.058767555
0
0.033423755
0.029383778
0
0
0
0.050611731
0.029383778
0.221179421
0.075546961
0

S OO OO

These values are then summed to give the GRS for that patient.

In this example GRS = 1.237882899

2.7 - Statistical Analysis

Risk scores and other continuous variables were stated as means with standard
deviations and were compared using Student’s t-tests. Categorical data was reported as
counts with percentage proportions and compared using Pearson’s chi-squared tests.
Statistical analysis was carried out in IBM SPSS Statistics 23 (IBM Corporation, Armonk,
NY). Graphing was carried out in GraphPad Prism 7 (GraphPad Software Inc, La Jolla,
CA) and Microsoft Excel 2013 (Microsoft Corporation, Redmond, WA).
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Chapter 3 - Results

3.1 Patient Demographics

Hadley Northcott

Demographics, n (%) Total Premature ACS 2 60yrs P-value

n=420 ACS <50yr n=280

n=140

Male 302 (71.9) 113 (80.7) 189 (67.5) 0.0052
Age (mean * SD) 60.9 + 13.2 44,6 +4.1 69.1+7.1 <0.0001b
BMI (mean * SD) 29.1+58 30.8+6.2 28.3+54 <0.0001b
Ethnicity
European 353 (84.0) 100 (71.4) 253 (90.4)
Maori 40 (9.5) 26 (18.6) 14 (5)
Pacific Islander 11 (2.6) 5(3.6) 6(2.1) <0.0001a
Other 16 (3.8) 9 (6.4) 7 (2.5)
Risk Factors, n (%)
Hypertension 235 (56.0) 52 (37.1) 183 (65.4) <0.00012
Family History 158 (37.6) 64 (45.7) 94 (33.6) 0.0152
Dyslipidemia 264 (62.9) 78 (55.7) 186 (66.4) 0.032a
Diabetes 74 (17.6) 19 (13.6) 55 (19.6) 0.124a
Obese 149 (35.5) 70 (50) 79 (28.2) <0.00012
Smoking
Current 103 (24.5) 65 (46.4) 38 (13.6)
Former 164 (39.0) 34 (24.3) 130 (46.4) <0.00012
Never 153 (36.4) 41 (29.3) 112 (40.0)
Clinical Presentation, n
(%)
STEMI 93 (22.1) 29 (20.7) 64 (22.9)
NSTEMI 327 (77.9) 111 (79.3) 216 (77.1) 0.6182

Table 2: Clinical characteristics of the study population.

a = Chi-Square test, b = Student’s t-test. SD = Standard deviation.
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420 patients met the inclusion criteria for this study, their clinical characteristics and
baseline demographic data is shown in table 2. They were 71.9% male, 9.5% were of
Maori ethnicity and 37.6% had a family history of CAD. Our premature MI cohort had an
average age of 44.6, a mean BMI of 30.8 and were comprised of 18.6% Maori. They had
significantly more males and patients of Maori and Pacific Island ethnicity than the over
60 year olds control cohort and also had a higher average BMI. The premature MI
cohort were less likely to have hypertension or dyslipidemia and more likely to be
current smokers. A family history of ACS was most prevalent in the premature MI

cohort, at 45.7% compared to 33.6% in the older group.

3.2 SNP frequencies

3.2.1 Between Premature MI and Over 60 MI

Risk Allele Frequency
1
0.9
0.8
0.
0.6
0.5
0.4
0.3
0.2 |
o R o
%%\% @\Q%@% @q}‘&é\ %@q bcés\ & @@%‘Sg\ o b(\%o)%\b%%\”\ @QR%%”Q%%Q/\ b”%%\,b‘u(\@ s b’\b%@ & &’%@Q%Q\’
B R O L S L R S VUit ol (U PR PP RS
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B Premature MI B Control Population ®Total ™ Reported Frequency

Figure 5: Risk allele SNP frequencies between study groups. Reported SNP frequency data is from the Malmo Diet
and Cancer Study?°.
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SNP
rs10455872
rs11206510
rs1122608
rs11556924
rs12190287
rs12413409
rs12936587
rs17114036
rs1746048
rs17465637
rs17609940
rs216172
rs2259816
rs2895811
rs3184504
rs3798220
rs3825807
rs46522
rs4773144
rs4977574
rs635634
rs646776
rs6725887
rs9349379
rs964184
rs9818870
rs9982601

Premature

MI

0.11
0.85
0.85
0.64
0.58
0.89
0.57
0.92
0.88
0.78
0.83
0.33
0.38
0.40
0.35
0.03
0.59
0.61
0.47
0.62
0.20
0.85
0.15
0.51
0.23
0.11
0.10

CI

0.075
0.742
0.745
0.549
0.493
0.782
0.483
0.806
0.765
0.672
0.725
0.261
0.310
0.329
0.281
0.006
0.496
0.522
0.388
0.526
0.151
0.745
0.108
0.424
0.169
0.075
0.066

0.154
0.958
0.962
0.737
0.672
1.000
0.660
1.000
0.985
0.878
0.939
0.396
0.455
0.478
0.419
0.044
0.675
0.706
0.548
0.710
0.256
0.962
0.199
0.591
0.281
0.154
0.141

Control
Populatio
n
0.09
0.84
0.80
0.67
0.64
091
0.54
0.91
0.88
0.73
0.79
0.32
0.40
0.41
0.49
0.01
0.64
0.54
0.45
0.58
0.19
0.79
0.16
0.46
0.17
0.18
0.15

Cl

0.065
0.763
0.724
0.598
0.573
0.827
0.480
0.830
0.801
0.663
0.717
0.274
0.344
0.356
0.428
0.004
0.578
0.480
0.394
0.514
0.155
0.719
0.123
0.408
0.134
0.142
0.115

0.114
0.915
0.872
0.734
0.706
0.984
0.602
0.988
0.956
0.805
0.865
0.368
0.449
0.462
0.543
0.024
0.711
0.602
0.506
0.640
0.227
0.867
0.188
0.521
0.202
0.212
0.178

Total
Population
0.10
0.84
0.82
0.66
0.62
0.90
0.55
0.91
0.88
0.75
0.80
0.32
0.39
0.41
0.44
0.02
0.63
0.57
0.46
0.59
0.20
0.81
0.15
0.48
0.19
0.16
0.13

CI

0.076
0.781
0.756
0.603
0.567
0.837
0.501
0.847
0.814
0.689
0.744
0.285
0.349
0.364
0.396
0.009
0.572
0.515
0.410
0.539
0.165
0.752
0.128
0.432
0.158
0.129
0.108

0.119
0.905
0.878
0.713
0.673
0.965
0.601
0.976
0.941
0.806
0.865
0.362
0.434
0.450
0.485
0.027
0.678
0.616
0.502
0.642
0.225
0.874
0.181
0.525
0.216
0.183
0.157

Reported

Frequency
0.07

0.82
0.77
0.64
0.63
0.90
0.53
0.92
0.86
0.75
0.79
0.36
0.35
0.45
0.48
0.01
0.57
0.48
041
0.55
0.21
0.77
0.13
043
0.13
0.15
0.13

Table 3: Risk allele SNP frequencies between study groups. Reported SNP frequency data is from
the Malmo Diet and Cancer Study?®’. CI = 95% Confidence Interval, MI =Myocardial Infarction, SNP

= Single Nucleotide Polymorphism. Red highlighting indicates SNPs with significant differences in

frequencies.
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Using 95% confidence intervals, we saw that there were four SNPs that were present in
statistically significant different frequencies between our total study population and the
reported frequencies from the Malmo Diet and Cancer Study (MDCS). These SNPs were
rs10455872, rs46522, rs9349379 and rs964184 which are associated with the genes LPA,
UBE2Z, PHACTR1 and APOAS5 respectively. All four SNPs were present at higher
frequencies within our CAD population. The remaining 23 SNPs were present at similar

levels between the two populations.

We observed one difference in risk allele frequency between the premature MI and control
population that was significant. This was the rs3184504 SNP which is associated with the
SH2B3 gene. All other risk alleles were present at similar levels between the age group
study populations. SNP frequency was calculated as the number of risk alleles present as a

percentage of the total number of alleles in the population.

3.2.2 Between Maori and non-Maori

Risk Allele Frequency

B Maori ™ Non-Maori Total ™ Reported

Figure 6: Risk allele SNP frequencies in Maori and non-Maori. Reported SNP frequency data is from the Malmo Diet
and Cancer Study?°.

Six SNPs were present in significantly different frequencies between the Maori and non-
Maori populations. These changes in frequency include both more abundant and less
abundant rates of certain SNPs in the Maori population. Although more variation appears

to be present when looking at the graph, using 95% confidence intervals, we can only see
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significance in six of these. This is most likely due to the size of the study population, a
larger cohort would likely reduce the size of the confidence intervals, allowing us to be
more confident in differences observed between the study populations. The six SNPs that
were significantly different are; rs216172, rs2259816, rs3184504, rs3798220, rs635634
and rs9818870. The differences in allele frequency at the rs3798220 and rs9818870 loci
are most likely due to the very low overall frequency of these SNPs. The risk alleles for
rs2259816 and rs635634 were more frequent within the Maori cohort and the risk alleles
for rs216172 and rs3184504 were less frequent within the Maori cohort.
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SNP
rs10455872
rs11206510
rs1122608
rs11556924
rs12190287
rs12413409
rs12936587
rs17114036
rs1746048
rs17465637
rs17609940
rs216172
rs2259816
rs2895811
rs3184504
rs3798220
rs3825807
rs46522
rs4773144
rs4977574
rs635634
rs646776
rs6725887
rs9349379
rs964184
rs9818870
rs9982601

Maori
0.05
0.89
0.95
0.74
0.56
0.80
0.64
0.93
0.88
0.79
0.95
0.18
0.61
0.28
0.11
0.00
0.79
0.74
0.48
0.79
0.36
0.94
0.23
0.51
0.31
0.03
0.08

]

0.001
0.681
0.736
0.549
0.398
0.604
0.463
0.714
0.670
0.593
0.736
0.083
0.441
0.160
0.039
0.000
0.593
0.549
0.324
0.593
0.231
0.725
0.121
0.356
0.190
0.000
0.015

0.099
1.000
1.000
0.926
0.727
0.996
0.812
1.000
1.000
0.982
1.000
0.267
0.784
0.390
0.186
0.000
0.982
0.926
0.626
0.982
0.494
1.000
0.329
0.669
0.435
0.060
0.135

0.74
0.79
0.34
0.37
0.42
0.48
0.02
0.61
0.55
0.45
0.57
0.18
0.80
0.15
0.48
0.17
0.17
0.14

(0]

0.080
0.773
0.739
0.593
0.570
0.844
0.490
0.843
0.811
0.682
0.726
0.298
0.325
0.375
0.426
0.010
0.552
0.495
0.406
0.516
0.148
0.736
0.120
0.426
0.144
0.140
0.112

0.125
0.903
0.866
0.707
0.683
0.980
0.594
0.978
0.944
0.805
0.853
0.381
0.412
0.467
0.524
0.030
0.663
0.600
0.502
0.623
0.208
0.864
0.175
0.524
0.203
0.199
0.165

Total
0.10
0.84
0.82
0.66
0.62
0.90
0.55
0.91
0.88
0.75
0.80
0.32
0.39
0.41
0.44
0.02
0.63
0.57
0.46
0.59
0.20
0.81
0.15
0.48
0.19
0.16
0.13

CI

0.076
0.781
0.756
0.603
0.567
0.837
0.501
0.847
0.814
0.689
0.744
0.285
0.349
0.364
0.396
0.009
0.572
0.515
0.410
0.539
0.165
0.752
0.128
0.432
0.158
0.129
0.108

0.119
0.905
0.878
0.713
0.673
0.965
0.601
0.976
0.941
0.806
0.865
0.362
0.434
0.450
0.485
0.027
0.678
0.616
0.502
0.642
0.225
0.874
0.181
0.525
0.216
0.183
0.157

Table 4: Risk allele SNP frequencies in Maori and non-Maori. Reported SNP frequency data is from
the Malmo Diet and Cancer Study®. CI = 95% Confidence Interval, SNP = Single Nucleotide

Polymorphism. Red highlighting indicates SNPs with significant differences in frequencies.
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3.3 GRS Distribution

Total Population GRS Distribution

60 -
The variation in GRS for the total o
population (n=420) followed a normal c_: 401
distribution, with a mean of 1.45 and ©
standard deviation of 0.180. a 20
£
=
O-
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Genetic Risk Score

Figure 7: Distribution of GRS values within the total study
population (n =420)

3.4 GRS and Age Group

GRS Distribution
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Figure 8: A) GRS vs age group. Mean GRS #+ SD, analyzed with Student’s t-test. Premature M1
GRS = 1.47, control group GRS = 1.44, p = 0.156. B) GRS distribution comparison in the
premature MI cohort and control group.

There was no significant difference in mean GRS between the premature MI and the 60 and
older control groups. The premature MI cohort mean GRS was 1.47 compared to that of 1.44 for

the control group (p = 0.156). GRS distribution was similar in both cohorts.

48



Hadley Northcott

3.5 GRS and Family History

A) B)

Total Population Premature MI
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Figure 9: GRS and family history in the total and premature MI study populations. Graphs show mean GRS
+ SD. A) The total population, no family history group had a mean GRS of 1.43, with family history GRS =
1.49, p = 0.003. B) Premature MI cohort no family history GRS = 1.42, with family history = 1.53, p = 0.001.
FamHx = Family History.

Mean GRS was higher in patients with a recorded family history of ACS events versus those
with none. This difference was largest in the premature MI group (1.42 vs. 1.53, p = 0.001) and
strong in the total population (1.43 vs, 1.49,

Patients with Family History of ACS  p = (0.003), however was not significantly

*k

207 different in the over 60 years control group
: : : (1.44 vs. 1.46, p = 0.377). Patients with a
g _.._ family history of ACS in the premature MI
E, = _Z_ _""'_ cohort had a significantly higher GRS than
g D _"_ their older counterparts with a family
° history in the control group (1.53 vs. 1.46, p

- o o = 0.008).

f’&k@ fbﬁ

Figure 10: GRS between age groups in patients
with a family history of ACS. Graph shows mean
GRS #+ SD. GRS is higher in patients under 50, 1.53
vs. 1.46, p = 0.008.

49



Hadley Northcott

3.6 GRS and Ethnicity

Total Population Premature MI
* *
2.0 17 : 2.0 :
() (0]
o o
(&) o ." —
P &
< ~ :l...
% %] o —_—
= g = - s
x 1.5 z 1.5 K
© © —1
s s
c c ]
[ [}
©] o i
1.0 .|. T 1.0 T T
N N N \
,bo‘ ,bo\ @o" Qyo‘
N A N A0
< \
Qo o
S S

Figure 11: GRS and ethnicity. Maori vs. non-Maori. Graphs show mean GRS + SD. A) Total population,
GRS is higher in Maori, 1.52 vs. 1.44, p = 0.013. B) Premature MI cohort, GRS is higher in Maori, 1.55 vs.
1.45 p=0.027.

In the total population we observed significantly higher GRS in patients of Maori ethnicity when
compared to non-Maori (1.52 vs. 1.44 respectively, p = 0.013). This result was also seen in our
premature MI cohort (1.55 vs. 1.45, p = 0.027). The number of Maori in these groups were low
(26 in the premature MI cohort and 40 in the total population), yet even with a small sample

size we were able to see a significant difference between the ethnicities.
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3.7 GRS and Risk Factors

3.7.1 Hypertension

We found no significant difference in mean GRS value between hypertensive and non-
hypertensive patients in our premature MI cohort or total population (p = 0.962 and 0.057
respectively). However, the p-value of 0.057 in the total population is close enough to the alpha
value to suggest some association may be present. There was a statistically significant
difference in the mean GRS between hypertensive and non-hypertensive patients in our 60
years and over control population. Patients without hypertension had a GRS of 1.47 and those

with hypertension saw a value 1.43 (p = 0.040).
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Figure 12: GRS and hypertension. Graphs show mean GRS # SD. HTN = hypertension. A) Total
population, no significant difference in mean GRS between no HTN and HTN, 1.47 vs. 1.44, p = 0.057. B)
Premature MI, no significant difference, 1.47 vs. 1.47, p = 0.962. C) Control population, higher GRS in
patients with no HTN, 1.47 vs. 1.43, p = 0.040.
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3.7.2 Dyslipidemia

We found no significant difference in GRS between those with and without dyslipidemia, in
either of the age groups, nor the total population. In the total population, those with
dyslipidemia had a mean GRS of 1.44 as opposed to those without dyslipidemia with a mean
GRS of 1.47 (p = 0.077). This was much the same in the premature MI cohort, with mean GRS
values of 1.44 and 1.50 for patients with and without dyslipidemia respectively (p = 0.092).
Once more, these values are close enough to the alpha value to suggest some association may be
present and warrant further investigation. In the control population, the mean GRS values were

1.44 and 1.45, (p = 0.505).
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Figure 13: GRS and dyslipidemia. Graphs show mean GRS # SD. No significant difference in GRS in
all populations between patients with or without dyslipidemia. A) Total population, 1.44 vs. 1.47,
p=0.077. B) Premature M1, 1.44 vs. 1.50, p = 0.092. C) Control population, 1.44 vs. 1.45, p =
0.5046.
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3.7.3 Diabetes

In the total population mean GRS values were 1.42 in patients with diabetes versus 1.46 in
those without, (p = 0.117). Results were similar in the premature MI cohort, with mean GRS
values of 1.43 vs. 1.48, (p = 0.336). In the control population, mean GRS was 1.42 vs. 1.45, (p =
0.258). Therefore, using this GRS, diabetes was not seen to be significantly associated with

increased genetic risk in our study population.
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Figure 14: GRS and diabetes. Graphs show mean GRS # SD. No significant difference in GRS between
patients with or without diabetes in all study populations. A) Total population, 1.42 vs. 1.46, p = 0.117.
B) Premature MI, 1.43 vs. 1.48, p = 0.336. C) Control population, 1.42 vs. 1.45, p = 0.258.
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There was no difference in GRS between those who were obese (BMI = 30) and those who were

not. The total population had mean GRS values of 1.45 vs. 1.45 (p = 0.693). The premature MI

cohort had a mean GRS of 1.46 in non-obese patients and 1.47 in obese patients, (p = 0.746).
The control population had GRS values of 1.43 vs. 1.45 (p = 0.199).
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Figure 15: GRS and obesity. Graphs show mean GRS # SD vs. Obesity (BMI = 30). No significant difference
in GRS between obese and non-obese patients, in all of the study populations. A) Total population, 1.45 vs.
1.45, p = 0.693. B) Premature Ml, 1.46 vs. 1.47, p = 0.746. C) Control population, 1.43 vs. 1.45, p = 0.199.
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3.7.5 Combined Risk Factors

1.59

Total Population

1.0

1.43,p =0.001.

Mean Risk Factors per GRS Quintile

2.31

2.2

2.11

2.0 1

Mean RF

1.9 9
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Figure 16: GRS and traditional risk factors. Graph
shows mean GRS + SD. Patients with less than 2
risk factors have an increased mean GRS, 1.49 vs.

1.7
0

Quintile

Hadley Northcott

In the total population, patients with fewer
(one or less) traditional CAD risk factors
(dyslipidemia, smoking, diabetes, obesity
and hypertension), were seen to have
significantly higher GRS (1.49 vs. 1.43, p =
0.001) than those patients with two or more

traditional risk factors.

Quintile GRS Mean Average RF

1 1.20207795  2.130952381
2 1.351901744 2.023809524
3 1.452087755 1.964285714
4 1.542067436 1.857142857
5 1.708266389 1.845238095

Figure 17: Mean number of risk factors per GRS quintile. Quintile GRS mean values are in table. Patients

per quintile = 84.

When the patients are split into quintiles according to their GRS values, we can see that there is

a trend for lower average numbers of traditional risk factors as genetic risk increases, with a

statistically significant difference in average number of risk factors between quintiles 1 and 5 (p

= <0.001).
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3.8 GRS and Gender

GRS values between male and female patients within our study detected no significant
differences in any of the population groups. Total population GRS was 1.43 for females and 1.46
for males, (p = 0.079). This value is close enough to the alpha value to suggest that an
association may be present, however the results from the two sub groups do not strictly
support this. The premature MI cohort had mean GRS values of 1.44 for females and 1.48 in
males (p = 0.425). In the control population, mean GRS values were 1.42 versus 1.45 (p =

0.164).
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Figure 18: GRS and gender. Graphs show mean GRS # SD. No significant difference in GRS between
females and males, across all of the study populations. A) Total population, 1.43 vs. 1.46, p = 0.079. B)
Premature MI, 1.44 vs. 1.48, p = 0.425. C) Control population, 1.42 vs. 1.45, p = 0.164.
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Chapter 4 - Discussion

There were a number of significant differences between the patients within our
premature MI cohort and those over 60. The premature group had a higher proportion
of male subjects, patients with Maori ethnicity, patients with a family history of CAD,
obesity, and current smokers than the over 60 years old patients. The patients in the
older group were more likely to have a history of hypertension and dyslipidaemia. We
found that the mean GRS was not elevated in the premature MI cohort versus the over
60 years MI patients. Mean GRS was slightly higher in patients with a family history of
coronary disease, in Maori patients and in patients with fewer than 2 traditional risk
features. GRS was not associated with individual traditional risk factors, including
dyslipidaemia, hypertension, diabetes, obesity or gender. The frequency of the
individual SNPs in our total cohort were similar to those seen in overseas populations,
however a small number of differences were observed. Limited differences were seen in
SNP frequencies between the two age groups, however we did see significant

differences in SNP frequencies between our Maori and non-Maori populations.

We did not observe a significant difference in mean GRS between the premature MI
cohort and our 60 and over control group, with the premature MI cohort having a mean
GRS of 1.47, compared to 1.44 in the control group. Thus the GRS we have used does not
appear to be significantly detecting factors that contribute to earlier onset MI. The SNPs
used in the construction of the GRS will be playing a role in this. The SNPs included
within this panel have come from all age population-based GWAS studies®670.90.148 gnd
validated in clinical trials of statin therapy®°. This approach biases towards common
factors associated with CAD, most of which occurs later in life, rather than the processes
more explicitly involved in premature MI. As yet, limited GWAS have been run
exclusively on patients who experience premature MI. This creates a limitation in the
SNP panel that we use, as in lieu of traditional risk factors, the onset of ACS at a young
age may differ in terms of rates of progression and processes involved, which raises the
question if in fact there are different mechanisms behind the exacerbated advancement
of the disease. Hence, different SNPs could be implicated in premature MI than those
that we have found from studies involving patient cohorts in which a majority are older

in age.
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A number of other studies have looked at the interaction between genetic risk and
premature onset of CAD, however still using SNPs discovered in GWAS encompassing
very broad patient demographics. Among these, Tada et al, using a similar GRS
calculation in 23,595 patients, found that GRS had utility as an addition to existing ACS
prediction. They saw that GRS was independent of family history and was useful in
determining risk in younger patients 83, however their criteria for young ACS differed
from ours, using subjects with an average age substantially higher than our premature
MI cohort, and their patient population was much larger, as such it is hard to draw
direct correlations between the two studies. Vecoli et al and Labos et al, using panels
comprised of SNPs varying to those used within our study, saw significant correlations
with premature onset 7987, These results were backed up by Hindieh et al who found
that individuals with higher GRS were at greater risk of having multi-vessel CAD, as
assessed by coronary angiography in 763 premature ACS patients.”’6. The SNP panel
used by Vecoli et al differed greatly in comparison to the panel used within our study,
using 44 SNPs, each different from those contained within our panel, yet with a number
in similar gene families and pathways. Labos et al used a SNP panel with many
similarities to the one within our study, with 26 of their 30 SNPs matching. However,

they used an alternative method of calculating their score, using unweighted sums.

The variation in methodology in regards to calculating the genetic risk is apparent
between different studies, with the main divide appearing to be between the uses of
scores weighted by odds ratios versus those that use a simple count method. Previous
studies have addressed this issue, and their results showed that a GRS that uses a
weighted method outperforms a GRS that uses a simple count method14%150, One issue
with this however, is that these weightings are derived from odds ratios that were
calculated from studies involving overseas populations. As a result of this, we are
unsure how applicable these odds ratios are to the New Zealand population, which, as
has been stated previously, is comprised of a unique grouping of ethnicities. To answer
this question accurately, a much larger cohort based study would be required within the
NZ setting, and this was outside the scope of this thesis. Our SNP frequencies, whilst
showing some differences, are in similar ranges to that which is seen in these overseas

based studies. While this doesn’t exactly speak of the similarities in odds ratios between
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the populations, it shows the groups are not drastically different as far as we can see,

and therefore we feel the weightings are applicable within our study.

Hence, we can see that there is still much variation between all of the study designs
being used in the search to find a robust GRS method. The lack of a statistically
significant correlation between GRS and premature MI within our cohort may reflect a
genuine similarity in genetic risk between these two study groups, or it could possibly
be due to panel design or study size. Also, both of these age groups in our study had a
large percentage of patients who had a number of traditional risk factors. This may well
have resulted in the effects of increased genetic risk being masked by the effects of

major risk factors such as smoking and obesity.

Modifiable cardiac risk factors were more common within our premature MI cohort.
The patients under 50 years old were much more likely to be obese and to be current
smokers. Of the premature MI population, 62% of the patients had more than one
traditional risk factor and only 10% had no traditional CAD risk factors. Thus, although
one aim of this study intended to assess the level of genetic risk in premature MI
patients with low traditional risk for CAD, the high levels of risk factors made finding
the true impact of genetics on premature ACS difficult. From the analyses of the risk
factors within the age groups however, it appears smoking and increased BMI are likely
significant drivers of premature ACS events, as well as Maori ethnicity and a family

history of CAD.

In New Zealand, due to the substantial adverse effects that tobacco smoking has on the
health system, a large initiative for the country to be “Smokefree by 2025” is well under
way. The NZ population has seen steady rates of smoking cessation in all demographics,
apart from Maori woman 151, Unfortunately, the highest rates of smoking are seen in
populations that also experience high rates of ACS events, and within our study
population appear to be one of the groups that are most genetically at risk of MI, this
group being Maori under 50 years of age (as discussed below). Smoking rates in Maori
are significantly higher than rates in non-Maori >151, and the percentage of smokers

under 50 years of age in our cohort was much higher than in the patients 60 years or
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more. Hence, smoking is still a large driver that appears to be contributing significantly

to ACS rates, especially within our premature MI cohort and within Maori.

It is likely that to truly assess the effects of genetic risk for CAD within these
populations, we would need to recruit a cohort of patients that do not smoke, have a
healthy BMI and do not possess any other cardiac risk factors. There is also the
possibility that adjustments may be required to the GRS itself. A specific GRS looking for
early onset MI may require a different set of SNPs, potentially from a more targeted
population of patients who suffer severe early onset ACS events and have a strong

family history of the disease, and do not possess traditional risk factors.

Many of the SNPs were present in similar frequencies between the total study
population and the reported frequencies obtained from the Malmo Diet and Cancer
Study (MDCS). However, there were four SNPs that were present at significantly
different frequencies between the two populations. These were rs10455872, rs46522,
rs9349379 and rs964184, which are associated with the LPA, UBE2Z, PHACTR1 and
APOAS5 genes respectively. The LPA gene, coding for Lipoprotein (a) [Lp(a)], is a well-
known contributor to atherosclerotic processes. Lp(a) levels in blood plasma are mainly
regulated by the LPA gene, with dietary and environmental factors not greatly affecting
blood concentration. Lp(a) is involved in thrombogenesis and acts in inflammatory cell
recruitment to the vessel walls, which can lead to smooth muscle cell proliferation 111-
113, The UBEZ2Z gene codes for an ubiquitin conjugating enzyme which is involved in
protein ubiquination during proteolysis 152153, The PHACTR1 gene encodes the
Phosphatase and Actin Regulator 1 protein. PHACTR1 has been seen to be involved in
atherosclerosis, as it is regulated in macrophages and endothelial cells by atherogenic
stimuli. The rs9349379 risk allele has effects on PHACTR1 expression in macrophages
that are similar to inflammatory stimuli 1°6. The APOA5 gene encodes apolipoprotein A-
V, a protein that influences plasma triglyceride levels 154 The genes that these SNPs are

associated are all involved in processes that have been linked to CAD.

We would expect some variation in SNP frequency between these study groups, as the
MDCS was undertaken in a healthy prospective cohort 20 whereas our study involved

patients with already proven CAD. Hence, we expected that our population, with pre-
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existing disease, would have higher frequencies of the risk alleles within the GRS panel.
This, to some extent was observed, however, given a larger sample size, it is likely that

more significant differences may be visible between the two cohorts.

SNP frequencies between the premature MI cohort and the 60 years and over control
group were very similar. Realistically, we do not have a sufficiently sized study
population to make any confident conclusions on the SNP frequencies between these
age groups, as the study is not specifically powered for this. This study was designed to
assess the varying genetic risk between premature and older MI using a multi-locus
GRS, hence looking at differences between individual SNPs is slightly outside the scope
of the original design. This small sample size results in wider confidence intervals for
the SNP frequencies, especially within the premature MI cohort. A larger population
would give smaller confidence intervals, enabling more confident extrapolation of
results. However, the results from our study can serve as beneficial pilot data, in

noticing general trends and SNPs which have a large difference in risk allele frequency.

However, one SNP was significantly different between the two age groups, this being
rs3184504. The risk allele at this loci was less frequent in the premature MI population.
The rs3184504 SNP is associated with the SHZB3 gene. This gene codes for an adapter
protein that regulates a number of cell signaling pathways, including some involved in
inflammation, cell migration and hematopoiesis131.155 .| Given that the premature MI
population is regarded as our more “at risk” sub group in regards to genetic risk, the
fact that the risk allele for this SNP is present at lower frequencies than the control
population raises a number of questions. While this result may truly show a difference
in the risk allele frequency between premature and older MI populations, this will need
to be validated in a larger study population. Thus, we cannot confidently say that any
individual SNP is having a drastic effect on the occurrence of premature ACS events.
This shows the importance of having a multi-locus GRS, as fluctuations and noise at
individual loci can be ironed out, and the combined effects of the high risk alleles within

the SNP panel can be seen and analysed more confidently.

Despite not predicting early onset MI, we found that GRS was higher in those with

family history, especially within the premature MI cohort. This is a slight paradox, as
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family history is linked to early onset MI>5. Therefore, this suggests that the GRS is
detecting some aspects of genetically inherited risk within our population. This
association is consistent with the understanding that ACS events amongst relatives have
a genetic component and are not always due to environmental factors and pattern
behaviour between family members. The link between GRS and family history has been
seen in previous studies. Hindieh et al reported a significant correlation between family
history and GRS in angiographically assessed patients’®, and Tada et al saw similar

results within their Malmo Diet and Cancer Study data83.

Patients in the control group did not show a significant correlation between family
history and genetic risk, suggesting that hereditary factors may have their largest effect
in younger individuals. To support this finding, we saw that patients with a family
history of CAD in the premature MI cohort had a significantly higher GRS than their
older counterparts with a family history in the control group, indicating once more that
the hereditary component appears to be stronger in those patients that are afflicted by
ACS at a younger age. One argument to explain this is that family history is present in
two variations. One being the hereditary aspect that our study is interested in, which
appears to be present in higher abundance within the premature MI cohort, and the
other being due to environmental factors within families, which shows limited
correlation with genetic risk, and appears to be more apparent in MI cases that occur
after 60 years of age. Family history was defined as any direct blood relative who had
angina, MI or sudden cardiac death before the age of 55, as described by the American
College of Cardiology!>¢. Previous studies have highlighted the heritability of CAD, in
parents and their children>> as well as in siblings and twin studies>4>8. With this data we
can show a genetic link between this association, and now have the ability to use the
information encoded by the SNPs in the panel to further study what genes and

processes may be involved.

Maori MI rates are consistently high, at a level disproportionate to the rest of the NZ
population, with Maori ischaemic heart disease mortality rates at 106.2 per 100,000
population, compared to that of non-Maori at 58.0%4 While researchers have often
hypothesized that there may be a genetic link to the increased rate of MI in Maori, a

common argument has been that environmental and socioeconomic factors play more
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of a role”. These include factors at the individual level, such as diet and exercise, as well
as population level inequalities with access to the healthcare system8. There is a
complex interplay of factors occurring, however we observe what could be, upon careful
exploration, a more tangible link between genetics and the increased rate of MI in our
Maori population. The mean GRS in the Maori population within our study did have a
statistically significant increase over the non-Maori population. Highlighting that with
this panel, we have the ability to elucidate increased genetic risk in Maori. In
conjunction with existing cardiovascular risk scoring, the GRS technique could add vital

information in identifying individuals at risk of ACS events.

There were a number of SNPs within our Maori population that were present at
different frequencies to what was seen in non-Maori. This clarifies the source upon
which the difference in the mean GRS results from. Interestingly, while there are a
number of risk alleles that are more frequent in Maori, which fits in with our initial
hypothesis of increased genetic risk in Maori and our other results, there are also a few
SNPs that see a reduced frequency of the risk allele in Maori. Overall, the SNP
frequencies within our study show substantial variance across the entire panel between
Maori and non-Maori. This variance is not entirely captured by the difference in the
means of the GRS, as the reduction in frequency of some risk alleles will be softening the

effect of the increase in the risk alleles for a number of the other SNPs.

Six SNPs were present in significantly different frequencies between the Maori and non-
Maori populations. These changes in frequency include both more abundant and less
abundant rates of certain SNPs in the Maori population. Although more variation
appears to be present when looking at the graph, using 95% confidence intervals, we
can only see significance in six of these. This is most likely due to the size of the study
population. As discussed earlier, a larger cohort would likely reduce the size of the
confidence intervals, allowing us to be more confident in differences observed between
the study populations. The six SNPs that were significantly different are; rs216172,
rs2259816, rs3184504, rs3798220, rs635634 and rs9818870 which are associated
with the SMG6, HNF1A, SH2B3, LPA, ABO and MRAS genes respectively.
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SMG6 codes for the Telomerase-binding protein EST1A protein. This protein functions
in both RNA surveillance and telomere maintenance 140, The rs2259816 SNP is
associated with the HNFIA gene, a transcription factor believed to be implicated in
some forms of diabetes, liver function and interactions with CRP and other acute phase
response proteins 157. The rs3184504 SNP, in which we see a much lower risk allele
frequency in the Maori population is associated with the SH2ZB3 gene. This gene codes
for an adapter protein that regulates a number of cell signaling pathways, including
some involved in inflammation, cell migration and hematopoiesis 131155, The LPA gene,
coding for Lipoprotein (a) [Lp(a)], is a well-known contributor to atherosclerotic
processes. Lp(a) levels in blood plasma are mainly regulated by the LPA gene, with
dietary and environmental factors not greatly affecting blood concentration. Lp(a) is
involved in thrombogenesis and acts in inflammatory cell recruitment to the vessel
walls, which can lead to smooth muscle cell proliferation 111-113, ABO codes for the histo-
blood group ABO system transferase protein. This protein determines what the ABO
blood group of an individual will be 119120, ABO blood group may possibly be linked to
MI through the relative abundance of clotting factors present between groups. The
MRAS gene codes for the Ras-related protein M-Ras protein. This protein is ubiquitously
expressed and is involved in signal transduction. It is well implicated in a number of
cancers and developmental disorders, however, as yet its function in CAD remains

unknown 102,

The differences in allele frequency at the rs3798220 (LPA) and rs9818870 (MRAS) loci
are most likely due to the very low overall frequency of these SNPs. The risk alleles for
rs2259816 (HNF1A) and rs635634 (ABO) were more frequent within the Maori cohort
and the risk alleles for rs216172 (SMG6) and rs3184504 (SH2B3) were less frequent
within the Maori cohort. A number of these processes have been implicated in the
pathophysiology of atherosclerosis, while some processes are not well documented in
this area at all. The observation of the inconsistency in the risk allele frequency between
these ethnicities opens the door for further research into the incidence and function of
these loci. In turn, this could help us with tools for diagnoses and screening strategies

specific to our NZ population, as well as possible therapeutic targets.
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The fact that we saw significant differences in six of these SNPs, even though we had a
low number of Maori patients and therefore relatively wide confidence intervals, gives
promise to the idea that there could be a number of SNPs that are present in statistically
significant different frequencies, as alluded to visually on the graph, within a larger
Maori population. With the observation of high rates of ACS in Maori 45, it can be
hypothesized that they could possibly be more genetically at risk than non-Maori. This
is suggested by the difference in overall mean GRS between Maori and non-Maori, and

then reiterated by the variance in individual SNP frequency.

Hypertension, dyslipidaemia, diabetes and obesity are all well-established risk factors
for CAD that contribute to the initiation and progression of atherosclerotic lesions
through a number of mechanisms 2239-4248-50, We saw no significant association with
GRS in the total population, as well as within the two age groups, when looking at
dyslipidaemia, diabetes and obesity. Therefore it appears that this GRS does not have
the ability to detect genetic risk in relation to the presence or absence of these risk
factors. There was a small, yet significant, correlation in hypertensive patients in the 60
years or older group. In this group, we saw that non-hypertensive patients had a higher
mean GRS (p = 0.040). The premature MI cohort and total population saw no significant
difference in regards to hypertension. The p-values in relation to total population
hypertension (p = 0.057), total population dyslipidaemia (p = 0.077) and premature MI
dyslipidaemia (p = 0.092) were close enough to the alpha value (0.05) to suspect that
some form of association might be present. However, with these results not being
significantly different, and the real differences in GRS values only being between 0.03
and 0.06 apart, the difference in GRS in these groups would likely not result in any
phenotypical differences that would be clinically significant. With that being said, these

associations may warrant further investigation in larger study populations.

Overall, we see that individual traditional risk factors do not appear to correlate to a
significant level with this GRS. This GRS was developed to look at genetic risk of ACS, not
at the individual factors that are known to increase risk. The GRS panel also includes a
number of SNPs in pathways outside those of previously established risk factors. Hence,
it is not overly surprising that the score does not correlate with the individual risk

factors.

66



Hadley Northcott

When we group the data into patients with fewer traditional risk factors versus those
with substantial risk according to traditional features, we see that there is a relatively
strong association between low traditional risk and increased genetic risk. Also, when
we look at this question from a slightly different angle, by breaking the total patient
population into quintiles based upon GRS values, we can see a correlation between

increased genetic risk and decreased number of traditional risk factors.

In the total study population, patients with fewer risk factors had a higher GRS. This
suggests the GRS is capturing some elements of risk that are independent of traditional
risk features and supports the idea that genetic risk scoring may have additive value to
current risk scoring. A number of studies have demonstrated that a GRS has additive
effect on top of traditional risk factor screening 7283, which alludes to the ability of GRS
to identify mechanisms outside those of established risk factors. Our results are
consistent with this argument and suggest that the presence of significant traditional
risk factors may not be required in order for an individual to develop CAD. One caveat
with this result is that the number of premature MI patients with one or fewer risk
factors was small (less than 28%) as the majority of the younger patients had
considerable risk from traditional factors, which presumably would be driving their
disease. Hence, specifically targeting a larger group of premature MI patients, with
minimal risk as determined by traditional risk factors, would be desirable in order to

validate this result.

Being able to identify these low traditional risk, high genetic risk patients could prove to
be very beneficial. These individuals are often not on any preventative therapies and
can often become complacent, believing they have no risk of ischaemic events.
Therefore, the successful inclusion of genetic data into routine CVD risk assessment
could cast a wider net, identifying more ‘at risk’ patients, and therefore enabling

clinicians to start preventative strategies earlier.

One problem that arises through analysis of the data based on having one or fewer risk
factors, is that each risk factor could have widely varying weight on the progression of

disease, and this model does not account for which factor is present. This would grow in
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complexity once more when we account for the variance in severity of the indvidual risk
factors as well. For example, someone who smokes one ciggarette per day is classified
as a ‘Smoker’ in the same manner as an individual who smokes 10 cigarettes per day,
regardless of the large difference in the effects on their health over time. A more
comprehensive risk factor scoring system may enable us to correct our data to a larger

degree, in order to elucidate more specific genetic drivers of disease.

Within our population we saw that the number of ACS events was not equal between
genders. This is shown by 80.7% of our premature MI cohort being male, along with
71.9% of the study population as a whole. Women tend to suffer from a primary ACS
event approximately 10 years later than men, and also tend to experience worse
outcomes 53. We looked to test if our SNP panel could detect any form of genetic basis
behind these gender differences. In regards to this question, we were unable to find any
significant difference in the mean GRS (p-value = 0.079), with males having a score of
1.46 and females a score of 1.43. From this, there are a number of possible conclusions;
one being that our SNP panel did not focus on the right markers to answer this question,
as the GWAS studies that found these loci did not design their studies with this query in
mind. As such, we find no SNPs in our panel within loci that are commonly associated
with gender differences, i.e. the allosomes. Another possible conclusion, that has been
assessed in previous studies >3, is that the gender difference is in fact not due to direct
genetic influence, and is instead a secondary result of hormonal and physiological

differences between males and females.

4.1 - Limitations

One limitation in this study, as discussed previously, is the sample size. While it was
sufficiently sized for the primary analyses of comparing GRS between age groups and in
associations with the whole population, upon breaking down the sample for sub-
analysis we encountered problems in regard to statistical power. This is because of the
patients that were available to be recruited into the study. While it would have been
beneficial for our study if more premature MI patients had presented during the 3.5

year recruitment period, this did not prove to be the case. Hence, a larger cohort would
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enable us to further break down these results i.e. look at GRS in patients of different

ethnicities and who have low traditional risk.

Another element that was limiting in this study was the number of risk factors present
throughout our study population. Subsequently we had difficulty in seeing genetic risk
effects. This is possibly due to being masked by the effects of risk factors such as
smoking, obesity, dyslipidaemia and diabetes. Hence, further study of genetic risk would

ideally be carried out in a patient population with negligible traditional risk.

The patients included in this study had verified CAD, allowing the comparison of young
and old ACS patients. This study design enabled us to look at differences between
premature and older MI patients and try to observe variances in these different disease
states. An interesting comparator study would be to compare these results to patients

who have no evidence of CAD, in order to create a baseline of genetic risk.

This GRS is calculated from the presence or absence of the 27 SNPs in the panel. The
number of risk alleles present (0, 1 or 2) is then weighted by the log of the odds ratio for
each of the SNPs. A linear sum of these then produces the genetic risk score for each
patient. This GRS panel and calculation was adapted from a well-constructed peer
reviewed study involving over 48,000 individuals®®. Different studies use various
methods of calculating genetic risk, these differ in both the SNPs that are included and
in the way that the score is calculated 71.72747879,82-8487,89,158  Hence, different methods
could also yield different results. A number of these SNPs are of unknown function, and
associations with new SNPs are still being found. Therefore, further optimization of the
construction of a genetic risk score is possible, both by further verifying the SNPs used
and possibly expanding the panel, and/or by testing different methods of calculating the

score and validating in a separate patient cohort.
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4.2 - Future Directions

There are a number of possible directions that could be followed from this point.
Priority should be given to expanding the number of Maori participants within the study
cohort. Being able to validate and expand upon the results we saw between Maori and
non-Maori is a very interesting avenue and could prove very beneficial to the NZ
healthcare system. Ideally, recruiting a larger cohort of Maori participants, with
negligible traditional risk would provide interesting insights into GRS in Maori. Along a
similar theme, and keeping in line with the primary aim of this study, recruiting a
greater number of patients with premature MI who also have negligible traditional risk
(0-1 risk factors), may also be interesting in evaluating the utility of GRS to identify
young at risk patients with few additional risk features. Also, comparing all of these
results to a healthy cohort of older volunteers, with no CAD, may enable us to obtain a
baseline of genetic risk that could be expected in a healthy population, and therefore

give a value to which the GRS of our patient population could be normalized against.

As has been mentioned previously, exploring panels with a wider or different range of
SNPs will likely yield interesting results. The SNP panel we have used was shown to be
effective by Mega et al, however a number of other authors have also used panels that
showed utility in their respective studies 71.727478,79,82-8487,89,158 The plethora of differing
SNP panels expresses the need to analyse and consolidate these to be more robust and

concordant.

4.3 - Conclusion

We found that GRS was not significantly elevated in the premature MI cohort versus the
over 60 years MI patients. Mean GRS was significantly higher in patients with a family
history of coronary disease, in Maori patients and in patients with low traditional risk.
There is substantial variation in risk allele frequency between Maori and non-Maori,
and between our CAD population and healthy overseas cohorts. These findings warrant
further research into the genetic risk of CAD in the Maori population and into the

hereditary aspects of CAD.
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