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Thesis Abstract

Twin, family and animal studies support this thesis that ischemic stroke is a polygenic

disease. The magnitude of this predisposition varies according to stroke subtype, with

the greatest risk associated with lacunar and atherothromboembolic stroke. To date, the

precise genetic determinants remain unknown'

The primary aim of this thesis was to determine the risk of ischemic stroke associated

with eight single nucleotide polymorphisms (SNPs) that were selected using a

candidate gene approach: Paraoxonase (PONI) -107T/C and M54L, Glycoprotein lb

l45Thr/Met, Glycoprotein IIb/IIIa PlAJlA2, B fibrinogen -148 C/T, Prothrombin

20210 G/4, Tissue Plasminogen Activator (TPA) -7,351 C/T and Plasminogen

Activator Inhibitor (PAI-1) 5Gl4G. This thesis also aimed to determine the relevance

of each SNP to ischemic stroke subtypes and to determine the effect of interaction

between each SNP and known cerebrovascular risk factors.

The objectives were met using a case-control study that recruited hospital inpatients

with a diagnosis of acute ischemic stroke. Patients were evaluated for known

cerebrovascular risk factors and classified for stroke subtype. A cerebrovascular risk

factor profile was also determined in a randomly selected, age and gender matched

control group. The SNP genotypes were determined using a polymerase chain reaction

(pCR) method. Logistic regression was used to determine the risk of ischemic stroke

associated with each SNP.

During a26-monthperiod, 182 patients and 301 non-hospitalised controls consented to

participate. In a multivariate model that adjusted for important confounders, a 1.9-fold

(g5%U 1.01-3.6) increased risk of ischemic stroke was associated with the TPA -
7,351 TT genotype. This association, however, was not significant in a multivariate

model that incorporated all potential confounders (OR 7.8,gsyoc| 0.9-3.4)' In a

subgroup analysis, a statistically significant2.6 and2.4-fold increased risk of lacunar
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stroke was associated with the TPA -7,351 TT and PON1 -107 CC genotypes

respectively. No other association or effect of interaction was observed.

The findings suggest that TPA -7,351C/T and PON1 -107 TIC SNP's may play a role

in the pathogenesis of lacunar stroke. Confirmation by a larger study of greater

statistical power is required, which may then provide a better means to predict the risk

of lacunar stroke.
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Chapter 1

Introduction

1.1 The Global Burden of Stroke

Amongst all the adult neurological conditions known, cerebrovascular disease remains

the most prevalent and poses the greatest disease burden on the developed world' In

2007, an estimated 5.4 million people died from cerebrovascular disease worldwide,

placing it second to ischaemic heart disease (WHO, 2002). To put this into perspective,

death from cerebrovascular disease \ /as almost double that caused by human

immunodeficiency virus infection (2.8 million deaths), quadruple that of lung cancer

(1.2 million deaths) and approximately six-times higher than death caused by renal

disease (825,000 deaths) or diabetes (895,000 deaths). Fufthermore, it has been

estimated that an additional 15 million non-fatal strokes occur annually, and that of the

50 million stroke survivors currently alive, one in fîve will suffer a recurrent stroke

within f,rve years (Chalmers and Chapman,2001).

In 1997,the results of the Global Burden of Disease Study provided new insight into

global impact of cerebrovascular disease (Murray andLopez, 1997b). This study was

completed in collaboration with the World Health Organization, and estimated

worldwide and regional cause-of-death patterns in 1990, for 14 age-gender groups in

eight geographical regions. The authors also pioneered a ne\ry summary measure for

disease burden, the 'DALY' (disability-adjusted life year), which has been widely

adopted subsequently in population health statistics. The 'DALY' incorporates the

impact of both disease morbidity and mortality, by combining years of life lost due to

premature mortality, with years lived with disability. When measured in disability-

adjusted life years, cerebrovascular disease was the sixth greatest contributor to global

disease burden, following lower respiratory tract infections, diarrhoeal diseases,

perinatal conditions, unipolar major depression and ischemic heart disease (in ranked

I6



Stroke: an Australian PersPective t7

order). It projected that by 2020, if immediate and effective strategies were not

undefiaken, cerebrovascular disease would increase to become the second greatest

cause of death and disability in developed countries, ranking fourth worldwide

(Murray and Lopez, 1997 a).

1.2 Stroke: an Australian Perspective

In Australia, cerebrovascular disease has mirrored trends seen in other developed

countries and remains a major public health challenge. It is estimated that 116,500

Australians, or 0.6Yo of the population, have suffered a stroke, with the burden

compounded by 40,000 new strokes each year (NHF, 2001). Over the last twelve

years, mortality in Australia from cerebrovascular disease has declinedby 34'9%o for

males, and 34.7%o for females; this is attributable to a decrease in disease incidence

rather than improved outcome (Jamrozik et a\.,1999). Despite this downward trend, in

2001 cerebrovascular disease remained Australia's greatest killer second to ischemic

heart disease with 12,146 deaths recorded (ABS, 2001).

In the last decade, The Perth Community Stroke Study (PCSS) and The North East

Melbourne Stroke Incidence Study (NEMESIS) have provided further insight into the

true incidence and natural history of stroke in Australia. Both were well-designed,

population-based cohort studies that focused on accurate clinical diagnosis and

ascertainment of all stroke patients within geographically defined regions, including

those patients who did not present to hospital (Thrift et a1.,2001, Jamrozik et al.,

lggg). Comparison using census data for the remainder of their respective cities

showed that the recruited cohorts were of similar socio-demographic composition and

generally representative of the entire urban population. The PCSS registered 536 acute

cerebrovascular events in 492 patients (370 patients with first-ever stroke), from the

inner metropolitan region of Perth, Western Australia, for an 18-month period during

1989 to 1990. The investigators used the same methodology to ascertain a further 290

stroke events in 281 patients (213 patients with first-ever stroke) for a 13-month period

during 1995 to 1996. This provided the first longitudinal, population-based data for

various stroke indices in Australia. The study showed that the overall incidence for all

first-ever strokes standardized for age and gender to the world population fell from 104

Adelaide Genetic Stroke Study Jim Jannes



Stroke: an Australian Perspective I8

per 100,00 persons in 1989-1990to76 per 100,000 persons in1995-1996. As the 28-

day case monality did not change significantly between 1989-1990 and 1995-1996

(23%vs24yo), the authors concluded that the fall in the Australian stroke mortality

rate was duc primarily to a significant decline in stroke incidence, rather than to an

improvement in stroke outcome (Jamrozik et aL.,1999)'

The NEMESIS was designed to determine the true incidence of stroke in Melbourne,

Australia. Preliminary data had suggested that the stroke incidence overall in this

region was significantly higher than that reported in the PCSS. The former study

identified 381 stroke events amongst 353 patients in a well-defined area of inner

northeast Melbourne, for a l2-month period during 1996-1997 (Thrift et a1.,2000).

The overall annual first-ever stroke incidence rate standardized for age and gender to

the world population was 100 per 100,000 persons, a finding that was considerably

higher than that reported in the PCSS (76 per 100,000 persons in 1995-1996), but

similar to that found in other developed countries (Thrift et a1.,2000). A subgroup

analysis in the NEMESIS showed that the observed difference in stroke incidence was

mainly due to a greater incidence of ischemic stroke amongst men, and intracerebral

haemorrhage amongst women (Thrift et a1.,2001). There was however, insufficient

raw data from the PCSS to determine if this difference achieved statistical significance.

It is possible that the difference in stroke incidence between Australian states reflects

differences in recruitment and stroke classification methodology. Alternatively, it may

be explained by the ethnic, demographic and lifestyle diversity between regions.

Cerebrovascular disease is Australia's leading cause of long-term disability with an

estimated 63,530 stroke survivors affected. Of these, three quarters require assistance

with mobility, self-care or communication (NHF, 2001). In the Australian Burden of

Disease Study, cerebrovascular disease was ranked the second largest contributor to

the disease mortality burden in Australia, representing 8.3%o of the total years of life

lost from all conditions in 1996 (Mathers et a1.,2000). When measured in disability-

adjusted life years, cerebrovascular disease accounted for 5.4%o of Australia's total

burden of disease and injury, second only to ischaemic heart disease. The long-term

disability data after first-ever stroke in Australia has also been reported recently

Adelaide Genetic Stroke Study Jim Jannes



Classffication of Stroke I9

(Hankey et al., 2002). This study presented the 5-year outcome from the original

cohort of 462 stroke patients recruited in the PCSS between 1989-1990. The study

found that of the 277 cases (765%) that had survived beyond 28 days, more than half

were alive at five years (55%). Of these long-term survivors, I in 7 (14.4o/o) were

placed in permanent institutionalised care subsequently, and approximately one third

were left with a major disability (36%). The cumulative risk of death or disability at 5

years amongst 30-day stroke survivors was 687o.

The enormous health burden that cerebrovascular disease places on the Australian

community comes at a great financial cost. The total health cost attributable to stroke

was $630.5 million in 1994, representing approximately 17% of total health system

cost for all circulatory system disorders (NHF, 2001). Of this, approximately a third

was spent on public hospital admissions, a third on providing nursing home beds, with

the remainder distributed amongst other medical, private and allied health services.

Interestingly, less than 7%o of the total stroke budget ($5.9 million) was allocated to

cerebrovascular disease research (NHF, 2001). By extrapolating data obtained from the

NEMESIS study, Dewey et al. developed a comprehensive incidence-based cost-of-

illness model that was used to estimate the total cost of stroke in Australia in 1997

(Dewey et al.,200lb). The study concluded that in 1997, the total cost burden for first-

ever strokes to Australia was $555 million, of which two thirds contributed to the cost

of acute hospitalisation, inpatient rehabilitation and nursing home care. The average

cost per case in the first year was estimated at S18,956, with an estimated lifetime cost

of $44,428.

1.3 Classification of Stroke

1.3.1 Stroke Subtypes

The World Health Organization defines stroke as syndrome of "rapidly developing

clinical signs of focal (or global) disturbance of cerebral function lasting more than 24

hours (unless interrupted by surgery or death) with no apparent cause other than that of

vascular origin" (Hatono, 1976). The definition incorporates a wide range of vascular

pathologies including atherosclerosis, vasculitis, aneurysmal dilatation, arterial

dissection and developmental malformations. These cause two main types of

Adelaide Genetic Stroke Study Jim Jannes



Classffication of Stroke 20

secondary brain parenchymal change: cerebral infarction or haemorrhage (both

intracerebral and sub-arachnoid haemorrhage). In Australia, the NEMESIS found

cerebral infarction to be the most common subtype of stroke, responsible for nearly

three quarterc (72.5%o) of all first-ever strokes. This equates to a crude annual

incidence rate of ischaemic stroke of 149 per 100,000 persons, a finding comparable to

that of other developed countries (Thrift et a\.,2001). Intracerebral haemorrhage '\¡/as

the second most common stroke subtype (14.5%), followed by sub-arachnoid

haemorrhage (4.3%).Insufficient clinical information prevented classification in the

remaining 8.7% (Thrift et a\.,2001). Similar findings were reported by Hankey et al.

in the PCSS (Hankey et a1.,2002). Furthermore, the balance of stroke subtype in the

PCSS did not change significantly between cohofts recruited in 1989-1990 and 1995-

1996.

1.3.2 Pathophysiological Classification of Ischemic Stroke

Cerebral infarction is often classified on the basis of arterial pathology, with most

cases falling into one of three categories: large-vessel disease, small-vessel disease and

cardio-embolic infarction. In 30-40% of patients, accurate categorization is not

possible, and these cases are often labelled as infarction of unknown type (Whisnant,

1990). Atherosclerosis underlies the pathogenesis of large-vessel occlusion. This was

first describ ed in 1967 by Constantinides, who performed a post-mortem microscopic

examination of the major branches of the circle of Willis from ten consecutive patients

with large-vessel ischemic stroke (Constantinides, 1967). In all cases, vascular

occlusion was caused by acute thrombosis that was associated with fissures within

adjacent atherosclerotic lesions. As haemorrhage was observed within the

atherosclerotic plaque and collagen fragments were found deep within the thrombotic

core, arterial wall fissuring could not be explained by post-mortem artefact. The

authors concluded that acute thrombotic occlusion occurred following rupture of

atherosclerotic lesions and exposure of blood to subendothelial tissues or expelled

intra-luminal collagen.

Since this discovery was made, there has been a considerable advance in the

understanding of atherosclerotic plaque vulnerability. It is now known that the risk of

Adelaide Genetic Stroke Study Jim Jannes
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atherosclerotic plaque rupture is determined by interplay of cellular, structural,

molecular and mechanical factors. The accumulation of plaque cholesterol ester,

reduction of plaque collagen density, influx of inflammatory cells, reduced density of

smooth muscle cells and secretion of matrix-digesting enzymes have all been

implicated in the pathogenesis of plaque rupture (Kullo et al., 1998). Atherosclerotic

lesions typically affect specific sites along the cerebral arterial vasculature, including

the carotid bifurcation, carotid siphon, proximal segment of the middle cerebral attery

(Ml segment), segments 1 and 4 of the vertebral arteries and the proximal basilar

artery (Mohr et a\.,1997). These sites are regions of persistent high mechanical stress

that create an uneven distribution of tension on the luminal surface of vulnerable

atherosclerotic plaque. As the plaque is stretched, the capacity to withstand a

mechanical load lessens, with eventual plaque rupture (Kullo et aL.,1998). Apart from

causing in-situ thrombotic occlusion, atherosclerotic lesions may also cause cerebral

infarction by severely compromising distal flow of oxygenated blood during times of

decreased global cerebral perfusion (e.g. cardiac failure, peri-operatively), or due to

plaque fragmentation and distal embolism (Whisnant, 1990)'

Atrial fibrillation, anterior myocardial infarction, mitral valve stenosis, and prosthetìc

heart valves are all known to predispose to intra-mural cardiac thrombus formation and

are established causes of cardio-embolic stroke. Less frequently, the embolic source

may arise from cardiac tumours, endocarditis, or due to a patent foramen ovale

associated with an atrial septal aneurysm allowing for paradoxical venous embolism.

As emboli pursue a path of least resistance, cardio-embolic strokes typically cause

cortical infarction in the distribution of the proximal middle cerebral artery or its distal

branches (Whisnant, I 990).

Lacunar infarcts are small rounded lesions (less than 1.5cm in diameter) located

commonly within the internal capsule, thalamus and striatum. They arise from the

occlusion of deep penetrating arteries which branch at right angles from their main

intracerebral arteries (e.g. lenticulostriate arteries). Diagnosis of lacunar syndrome is

made via neuro-imaging or by determining if the clinical presentation fits a "classic"

lacunar syndrome: pure motor hemiparesis; sensorimotor stroke; pure sensory stroke;

Adelaide Genetic Stroke StudY .Iim Jannes
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dysarthria-clumsy-hand syndrome and ataxic hemiparesis. To date, much of the

understanding of the pathophysiology of lacunar infarction is derived from the early

work by Charles Miller Fisher (Fisher, 1979). Through meticulous post-mortem

microscopic examination of brain tissue in a series of patients who had suffered

infarction of the internal capsule, two pathological processes were identified. In most

cases microatheroma was identified as the pathology underlying lacunar stroke. This

was typically located at the proximal portion of the small vessel or at its origin.

Vascular occlusion occurred either due to superimposed thrombosis, implying a

similar mechanism to that seen in large vessel disease, or due to luminal obliteration

causing severe hemodynamic compromise. The second mechanism, termed

lipohyalinosis or complex small vessel disease, involved an acute phase of fibrinoid

necrosis followed by the deposition of fibrin and collagen that effectively obliterated

the vessel lumen. In a minority of cases, where no vascular lesions were identified,

cerebral embolism was presumed to have occurred (Fisher, 1979)'

The pathophysiological classification of cerebral infarction has become an essential

component in the management of ischemic stroke, allowing the treating physician to

implement case-specific acute and secondary prevention therapies. Classification of

cerebral infàrction in this manner is also important for research purposes, particularly

in studies investigating the aetiology of ischemic stroke where disease-causing factors

are likely to differ between pathological subtypes. In these studies, a classification

system created by The Trial of ORG 10172 in Acute Stroke Treatment (TOAST)

investigators, is used frequently (Kolominsky-Rabas et a1.,2001). This categorizes

cerebral infarction into four subtypes: (a) large-artery atherosclerosis (includes large

artery thrombosis and artery-to-artery embolism), (b) cardioembolism; (c) small artery

occlusion; and (d) stroke of undetermined cause.

Although robust, the TOAST classification system relies greatly on sophisticated

imaging technologies that may not be readily available in some centres. Its use in

larger epidemiological and clinical studies may thus be impracticable' The

investigators from the Oxfordshire Community Stroke Project (OCSP) overcame this

problem with a simple clinical classification system for cerebral infarction that can be
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performed by clinicians and nursing staff at the patient's bedside. This method uses the

findings of the clinical examination to predict the anatomical site of pathology, and

categorizes cerebral infarction into four subtypes: total anterior circulation syndrome

(TACS); partial anterior circulation syndrome (PACS); posterior circulation syndrome

(POCS); and lacunar syndrome (Appendix I) (Bamford et al., 1991). The OCSP

showed significant differences in the natural history between cerebral infarction

groups. Patients presenting with TACS had a negligible chance of good functional

recovery, with high mortality, whilst stroke reoccurrence was highest in those with

pACS (17%" at 1 year) (Bamford et al.,l99l). The OCSP stroke classification has been

subsequently validated by Mead et.al., who showed that there was high correlation

between stroke subtype and intra-cranial artery involvement and that it could

accurately predict the anatomical site of cerebral infarction as seen on computerized

tomography scanning (Mead et a\.,2000b, Mead et a\.,2000a). Furthermore, Dewey e/

al., found a moderate agreement between neurologists, and concluded that the OCSP

stroke classification system \ryas a reliable tool that could be applied in community-

based epidemiological studies of cerebral infarction (Dewey et al.,200la).

1.4 Thesis Overvrew

This thesis will address the relevance of 8 common SNP's to ischemic stroke. Chapter

2 wtll address the evidence for a genetic predisposition of ischemic stroke and

conclude with a review of the literature for each of the candidate SNP's. Chapter 3 will

discuss the choice of study design and the criteria for candidate gene selection'

Chapters 4 and 5 will present the study methods and results respectively. A detailed

discussion of the findings from both a pathogenetic and statistical perspective is

provided in Chapter 6. The final chapter outlines the future implications of the study

findings and concludes with recommendations for a model genetic association study.
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Chapter 2

Genetics and Ischemic Stroke

There is strong evidence indicating that genetic factors play an important role in the

aetiology of ischemic stroke. In the last decade, a number of single-gene disorders

associated with ischemic stroke have been characterised (Table 2.1). These disorders

are often considered in the differential diagnosis underlying ischemic stroke in young

patients, particularly those free of established cerebrovascular risk factors, or those

with a family history of early-onset stroke.

Table 2.1

Monogenic Disorders Causing Ischemic Stroke

Pathophysiology Disorder Inheritance

Prothrombotic states

Haemaglobinopathies

Vasculopathies

Connective tissue disorders

Metabolic disorders

Protein S deficiency

Antithrombin III deficiency

Protein C deficiency

Familial Sneddon Syndrome

Sickle cell disease

Fibromuscular dysplasia

Familial moyamoya disease

Neurofi bromatosis type 1

Ehlers-Danlos syndrome type 4

Marfan's syndrome

Fabry's disease

Homocyteinuria

CADASIL*
MELAS**
Familial hemiplegic migraine

Small vessel disorders

Mitochondrial disorders

Channelopathies

AD
AD
AD
AD
AR
AD
AD
AD
AD
AD
XR
AD
AD
AD
AD

AD - autosomal dominant; AR: autosomal recessive; XR: X-linked recessive
* Cerebral Autosomal Dominant Arteriopaîhy wilh Subcorlical Infarcts and Leucoencephalopathy
** Milochondrial Encephalomyelopathy, Lactic Acidosis and Stroke-like episodes

(Hademenos et al., 2001)
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The mutations associated with these disorders are highly penetrant, present with

ischemic stroke in early adulthood and follow classic Mendelian inheritance patterns

(Hassan and Markus, 2000). On a population level, single gene disorders are rare and

account for less than 7%o of ischemic stroke. Most patients are affected by the sporadic

form, which presents later in life and does not follow classic inheritance patterns. The

aetiology in these cases is postulated to be multifactorial. Although there is often an

association with well-established risk factors such as hypertension and smoking, there

is strong evidence from epidemiological and animal studies implicating genetic factors.

2.1 The Attributable Risk of Known Risk Factors

Two large population-based epidemiological studies performed in Rochester (Davis er

a1.,1987) and Perth (Jamrozik et al., lggg), have shown that a significant proportion

of ischemic stroke patients cannot be accounted for by established risk factors. The

Rochester, Minnesota study was a population-based, nested case-control study that

used a highly sophisticated medical record linkage system to identifo 1,444 incidence

cases of ischemic stroke between 1960 and 1984 in Rochester, United States of

America. Registered ischemic stroke cases v/ere compared with a similar number of

stroke-free individuals from the same geographical region, matched for age, gender,

date of stroke and duration of medical record at the time of stroke diagnosis' Using a

conditional logistic-regression model that adjusted for confounders, the study was one

of the first to provide a detailed profile of modifiable risk factors that could be applied

on an individual basis to determine the probability of first ischemic stroke (Table 2.2)

(Whisnant et al., 1996).

The population attributable risk is defined as the proportion of ischemic stroke within a

population that can be attributed to a risk factor. It is a function of the intrinsic relative

risk of a risk factor and its prevalence, and is a measure of the total risk-burden placed

on a population. When applied to the Rochester data, the population attributable risk of

all seven major risk factors was 57o/o (Whisnant, 1997). Similar findings were reported

in the PCSS, with up to 68%o of the population attributable risk of stroke being

unaccounted for (Jamrozik et al., 1994).
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Trble2.2
Odds Ratios, Confidence Intervals and Probability Values for Risk X'actors for
First Ischemic Stroke: The Rochester, Minnesota Study

Risk Factor Odds Ratio 95o/" Cl P value

26

Transient Ischemic Attack
Atrial Fibrillation
Hypertension
Left Ventricular HypertrophY
Diabetes Mellitus
Cigarette Smoking
Congestive Cardiac Failure
Myocardial Infarction
Angina Pectoris
MitralValve Disease
Cardiac Wall Abnormality

5.6
2.0
2.0
1.8

2.0
2.0
2.1

1.8

2.0
2.4
2.7

3.7 - 8.5

t.5 - 2.8
t.6 - 2.5

t.4 - 2.4
1.5 -2.8
1.5 - 2.7
1.5 - 3.0
1.3 -2.5
1.5 - 23
1.5 - 4.1

1.3 - 5.7

.0001

.0001

.0001

.0001

.0001

.0001

.0001

.0002

.0001

.0008

.0086
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Figure 2.1

Attributable Risks of a Combination of Risk F actors for First Ischemic Stroke:

The Rochester, Minnesota StudY
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The findings from both studies suggest that established risk factors account for

between 32 to 57 percent of ischemic stroke and suggest that other undetermined

factors are implicated in a substantial proportion.

2.2 Evidence of a Genetic Predisposition to Stroke

2.2.1 Twin Studies

Twin studies provide good evidence that genetic factors play an important role in the

aetiology of ischemic stroke. These studies estimate the heritability of a trait by

comparing the degree of concordance of disease expression (i.e. both twin siblings

affected) between monozygotic and dizygotic pairs, with the former being greater if a

genetic predisposition occurs. Using this study design, Brass e/ al. (1992) determined

the concordance of stroke between 9,475 male twins born in the United States between

l9l7 and 1927. Through questionnaire response, the proband concordance rates were

17.7% for monozygotic twins and3.6%o for dizygotic twins, giving a relative risk of

4.94 (p<0.05) (Brass et a|.,7992). The study was unable to estimate the magnitude of

heritability, as the absolute number of concordant twin pairs was small (monozygotic

pairs: l, dizygotic pairs:7). Furthermore, as stroke was identified by history alone,

no conclusions could be made on the genetic predisposition of different stroke

subtypes.

In another study, a twin-based approach was used to investigate the relevance of

genetic factors on a marker of sub-clinical ischemic cerebrovascular disease, i.e. white

maffer hyper-intensity on brain magnetic resonance imaging (Carmelli et al., 1998).

This study involved 74 monozygotic and 74 dizygotic US male twins aged 69 to 71

years. The concordance rates for white matter hyperintensity were 61 percent for

monozygotic pairs and 38 percent for dizygotic pairs. As the prevalence of stroke in

the entire sample was 15 percent, the risk of stroke in a monozygotic co-twin of an

affected twin was 4-fold, whereas the risk for a dizygotic co-twin of an affected twin

was 2.5-fold. Furthermore, the study found that genetic factors accounted for 7l

percent of the variation in white matter hyper-intensity volume'
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In the largest study published to date, the concordance of stroke amongst twins has

been determined (Bak et a1.,2002). The study used a population-based Danish twin

register comprising of 11,564 same-sex twin pairs. Of these, death from stroke was

recorded in one of the co-twins in 351 monozygotic and 639 dizygotic pairs. The

surviving co-twin was then followed for subsequent stroke. In comparison to dizygotic

twins, a 2-fold increase in concordance for stroke death was found among

monozygotic twins (relative risk 2.06, 95% CI I .27 -2.33). An important aspect of this

study however, was its large sample size that allowed for an estimation of heritability.

The study concluded that inherited genetic factors accounted for 32 percent ofthe total

liability of stroke death between twins.

2.2.2 Family-based Studies

Until recently, the hypothesis of an aggregation of ischemic stroke among first-degree

relatives remained controversial, with early studies reporting conflicting findings.

Eight studies reported an overall doubling of stroke risk associated with a history of

stroke amongst a first-degree relative (Kiely et a\.,1993, Jousilahti et aL.,1997, Welin

et al., 1987,Liao et al., 1997,Diaz et a1.,1986, Graffagnino et al., 1994, Khaw and

Barrett-Connor, 1986, Carrieri et al., lgg4), whilst others have shown no statistical

association (Herman et a\.,1983, Brass and Shaker,799l, Boysen et aL.,1988). This

contradiction may be explained by differences in study design, ascertainment of

information and sample size. Most studies also failed to validate ischemic stroke in

either the proband or the first-degree relative and relied solely on historical

information.

The importance of the clinical validation of stroke in the design of family-based

studies is highlighted in a study of the Framingham cohort. The Framingham study is

an ongoing population-based, prospective cohort study that commenced in 1948. This

study recruited a cohort of 5,209 persons (2,336 men and 2,873 women) who were free

of cardiovascular and cerebrovascular disease and resided in Framingham,

Massachusetts, in a four-year period between 1948 and 1952' The morbidity and

mortality of this cohort have been closely followed by means of twice yearly

interviews and physical examinations. The Framingham study was instrumental in
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determining many of the now well-established risk factors for cerebrovascular disease

including increasing age, male gender, hypertension, cardiovascular disease, diabetes'

cigarette smoking and atrial fibrillation (D'Agostino et al.,1994)'

In 1971, the Framingham investigators commenced evaluation of the Framingham

offspring cohort, which consisted of 5,724 descendents or spouses of descendents from

the original Framingham cohorl. Information from both cohorts was then used to

determine the familial aggregation of stroke amongst first-degree relatives (Kiely e/

a1.,1994). The study found no significant association between stroke among members

of the original Framingham cohort and a reported parental history of death from stroke

(RR : 0.gg, gsyo CI 0.82-1.19). Among the offspring cohort, where validated clinical

information was available for both proband and first-degree relatives, the relative risk

of ischemic stroke for paternal stroke was 2.4 (95% q 0.96-6.03) and l '4 (CI 0'6-

3.25) for maternal stroke. Although there is a trend supporting a familial aggregation

of stroke, there remains some doubt as to the significance of these findings, as the

confidence intervals are wide and the number of incidence stroke cases in the young

offspring cohort is small (n:33). The small sample size also precluded estimates of

heritability. The authors hope to strengthen their findings with a follow-up study in an

older offspring cohort (and therefore a greater number of incident stroke cases) in the

near future.

The Family Heart Study, published in 1997, provides the strongest evidence

supporting a familial aggregation of stroke (Liao et a\.,1997).It is the largest family-

based study of stroke to date, consisting of 3,168 probands and 29,325 first-degree

relatives pooled from three ongoing parent cohort studies: the Framingham Offspring

Study, the Utah Family Tree Study and the Atherosclerosis Risk in Communities

Study. The study found a statistically significant association between stroke risk and

history of stroke in any first-degree relative (OR 1'52,95yo CI 1.02-2'38)' This

association \ryas even stronger for a paternal history of stroke (OR 2.01, 95% CI l'10-

3.69), and was independent of other established cerebrovascular risk factors (Table

2.3).
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Table 2.3
Odds Ratios and Confidence Intervals for Proband Stroke by Familial History:

The Family Heart Study

Risk Factor Odds Ratio* 95o/, Cl

30

No family history for stroke

History of stroke in any first-degree relative

History of stroke in one Parent

History of stroke in father

History of stroke in mother

History of stroke in a sibling

History of stroke in a child

History of stroke in a sPouse

1.00

1.56

1.85

2.01

1.35

0.93

1.05

2.13

1.02 -2.38

t.l8 -2.90

1.10 - 3.69

0.73 - 2.48

0.44 - 1.97

0.13 - 8.84

0.67 - 6.76
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* Adjustedfor proband age, ethnicity, gender, history of elevated cholestero.l, ciSarette smoking staîus,

histoty of iorirary h"oridirror", hyplrrcnsion, diatetes mellitus and sampling strata (Liao et al'' 1997)

2.2.3 Animal Studies

Studies of the stroke-prone spontaneously hypertensive rat (SP-SHR) have reinforced

human epidemiological fìndings supporting a polygenic predisposition to ischemic

stroke. This inbred rat line was established in 1974 following an observation of

premature stroke in a colony of inbred spontaneously hypertensive rats (SHR) when

given a diet high in sodium and low in protein and potassium (Okamoto et al',1974)'

Strokes were ischaemic and haemorrhagic, with histopathology showing similarities

with vascular fibrinoid necrosis and lipohyalinosis seen in human small vessel disease.

As the stroke phenotype was highly penetrant, susceptibility was thought to have

arisen from a segregation ofgenetic factors during early inbreeding.

In an ingenious study, the genetic loci responsible for the SP-SHR phenotype were

identified (Rubattu et al., 1996). This was achieved by performing a genome-wide

screen of polymorphic markers in a hybrid line of mice established from mating SP-

SHR,s and SHR's (F2 hybrid). The investigators hypothesized that the stroke

susceptibilþ genes would cosegregate in the F2 hybrids, whilst alleles that contribute

to hypertension would be equally shared, thus eliminating it as a potential confounder'

The study showed a significant variation of stroke susceptibility in the F2 hybrids,

whilst hypertension was uniformly maintained. The position of qualitative trait loci,
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that is the identification of polymorphic alleles that co-segregated with the stroke

phenotype, was determined. Three loci in the SP-SHR were associated with variation

in stroke susceptibility. The STRI locus on chromosome 1 was strongly associated

with an increased susceptibility to ischemic stroke, accounting for 17.3 percent of the

overall variance in the risk of stroke. In contrast, two other loci, tbe STR2 and the

STR3 loci on chromosomes 4 and 5 respectively, were found to have a protective

effect. The STR2 locus accounted for 9.6 percent of the variance of stroke risk and

mapped close to the gene coding for atrial natriuretic factor, a peptide that regulates

endothelial-mediated vasodilatation. The protective effect of STR2 was further

enhanced in animals homozygous for the stroke-causing STR1 allele. The findings

provide good evidence of the polygenic predisposition of ischemic stroke, with

complex interactions between genes and ultimate phenotypic expression determined by

the net accumulative effect of a number of genes with pathogenic properties.

2.3 The Genetic Heterogeneity of Ischemic Stroke

Both epidemiological and animal studies support a polygenic predisposition to

ischemic stroke. Genetic factors may influence stroke risk in several ways. Firstly,

genes may be disease causing, with a direct pathogenic effect that is independent of

other cerebrovascular risk factors or environmental influences. As the pathogenesis of

ischemic stroke varies between subtypes, it is likely that the genes responsible also

differ according to subtype. The genes responsible for macrovascular atherosclerosis

are likely to be different to those accounting for small vessel lipohyalinosis causing

lacunar infarction. Furthermore, within each subtype, different genes are likely to be

involved in different aspects of the underlying pathology. For example, genetic factors

that predispose to atherosclerosis are likely to differ from genes responsible for plaque

disruption and genes promoting intravascular thrombosis and occlusion. Genetic

factors may also influence stroke risk by indirect means, such as predisposing to well-

established risk factors such as hypertension, diabetes and hypercholesterolemia.

Alternatively, genetic factors may influence the susceptibility to known

cerebrovascular risk factors, with disease expression caused by gene-risk factor

interaction. The latter may explain the phenotypic heterogeneity in those with similar

risk factor profiles.
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X'igure 2.2
Threshold Model for the Inheritance of common Ischemic stroke
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There is a tiabitity towards ischemic stroke that consists of a combinalion of genetic and non-genelic

factors, which is iormatty disfributed in the population. Ischemic stroke is expressed only in indittiduals

whose liabitity exceeds a threshold (Lander and Schork, 1994).

The 'threshold model of multifactorial inheritance' best describes the phenotyplc

expression of polygenic ischemic stroke (Lander and Schork, 1994). This model

assumes a normal distribution of liability towards expression of a stroke phenotype

that is composed of the sum of environmental and genetic influences (Figute 2'2)'

Disease expression, that is ischemic stroke, occurs when there is an accumulation of

liability beyond a disease threshold. The model illustrates how individual genes may

be insufficient to cause disease alone, although they remain important contributors to

the total liability load. When considering this model, the genetic and environmental

influences thatare protective need to be taken into account, as well as any synergistic

effects that occur in gene-environment or gene-gene interactions. The latter may also

be disease causing or protective with the total liability predisposing to ischemic stroke

being a complex function of both protective and disease causing influences and their

interactions. This model implies that ischemic stroke occurs in those who are

genetically predisposed by inheritance of one or more genetic factors, with the risk

augmented by other established risk factors.
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2.4 Candidate Genes for Ischemic Stroke

The candidate gene approach is the current mainstay of investigating the genettc

predisposition of ischemic stroke. The method relies on determining an association

between ischemic stroke and known genetic SNP's of functional significance. A

prospective case-control study design is commonly used to compare the prevalence of

a SNP between ischemic stroke cases and a normal control group. Candidate SNP's are

chosen based on their influence on genes underlying the pathological process. In

ischemic stroke, genes influencing atherosclerosis, platelet function, coagulation and

fibrinolysis are plausible candidates for investigation based on known pathogenic

models (Figure 2.3). Although biotogical plausibility is essential in the selection of

candidate genes, other methodological issues such as sample size estimation and ethnic

allelic variation also require consideration prior to candidate gene selection.

Figure 2.3
Genetic Candidates for Common Ischemic Stroke

urï1

Plaque

Ëlot

llieeacer{ Artprv,..-*.,

Candidate genes are selected based on their knov,n physiologic effecl For comnton ischaemic slroke,

rele.t,anl paihogenic mechanisms incfude alherosclet'osis, hypercoagttlability, enhanced plateletfttnclion

and i npa i red fi bri nolysis.

In this study, seven genes were selected for investigation: a) atherosclerosis -

paraoxonase; b) platelet function - glycoprotein lb, IIIa and fibrinogen; c) coagulation

- prothrombin; d) fibrinolysis - tissue plasminogen activator and plasminogen

Genes altering
fiblinolytic potential
i.e. TPA, PAI-l

Genes causing
enhanced platelet
function
i.e. Platelet
glycoproteins,
Fibrinogen

Genes pleventing
atherosc let'osis

i.e. Pataoxonase

Genes altering blood
coagulability
i.e. Prothrombin
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activator inhibitor. The rationale for the choice of study design and selection of SNP's

is described in detail in Chapter 3.3.

2.4.1 Paraoxonase (PONI)

Oxidation of low-density lipoprotein (LDL) plays an important role in the

pathogenesis of atherosclerosis. Oxidized LDL, when trapped in the sub-endothelial

space, induces the release of monocyte-specific chemoattractants, adhesion molecules

and colony stimulating factors from vascular endothelium (Watson et al., 1995).

Further oxidation leads to arterial wall cytotoxicity and uptake of oxidized LDL

particles by macrophages. This sequence of events ultimately causes atherosclerotic

plaque formation. The oxidation of LDL is limited by high-density lipoprotein (HDL).

This effect is mediated by PONI, an enzyme that is produced by the liver and

circulates in the blood stream exclusively bound to HDL. It exerts an anti-atherogenic

effect by hydrolysing sub-endothelial lipid peroxides before they accumulate in LDL

particles ('Watson et al., 1995). In PON 1 knockout mice, HDL loses its protective

effect on LDL oxidation, and mice become susceptible to diet-induced atherosclerosis

(Shih er al., 1998). This finding suggests that the anti-atherogenic effect of HDL is

primarily mediated by PON1.

PONI expression is largely determined by genetic factors. The PONI gene has two

SNP's, resulting in an arginine to glutamine substitution at amino acid position 191

and a methionine (M) to leucine (L) substitution at amino acid position 54 respectively

(Mackness et a\.,2002). In addition to these, five SNP's have been identified recently

in the PON1 regulatory region: -107 thymidine (T) / cytosine (C), -126 guanine (G)/C,

-162 adenine (A)/G, -907 GIC and -824 G/A (Mackness e/ a\.,2002).In 2000, Leviev

et al. showed that the T allele at position -107 was associated with significantly lower

pONl levels and enzymatic activity (Leviev and James, 2000). The study concluded

that the PONI _l07CÆ polymorphism was the main genetic contributor to PONI

expression, accounting for 24.7 percent of the variance in serum PON1 levels. This

was followed by the PONl M54L SNP that accounted for 4.4 percent of the variation

in serum PONI. Furthermore, the _1}7TlC SNP is considered to have functional

importance as it occurs within a binding site for an Spl transcription factor (Leviev
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and James, 2000). The other SNP's did not have a significant functional impact on

PONI expression or activity. A similar finding was reported in another study, which

showed that the -107 TIC and M54L SNP's accounted fot 22.8 and 5 percent of the

variance of PONI activity respectively (Brophy et a\.,2001). Functional significancc

has also been shown for the M54L SNP, with the MM genotype providing the greatest

protection from LDL oxidation (Mackness et al., 1999). These f,rndings suggest that

both the PONl 54L and -lO7T alleles may predispose to atherosclerosis.

Few studies have examined the clinical relevance of the PONI -107 TIC SNP. In a

study of Wpe2 diabetics, a positive association between the PON1 -l07TT genotype

and coronary heart disease was found (OR 1.64,95yo CI 1.03-2.61)' This was

independent of other known cardiovascular risk factors (James et al., 2000)' A

subsequent study of patients with angiographically proven coronary artery disease

showed that this association was limited to those less than 60 years of age (Leviev et

at.,2001). To date, no studies thathave addressed an association betweenthe PONI -
l07ClT SNP and ischemic stroke have been reported.

Studies of the PONl M54L SNP have generated conflicting results. In a post-mortem

analysis of the abdominal aorta, mesenteric and iliac arteries in 123 consecutive

autopsies, the LL genotype was associated with a greater number and significantly

thicker atherosclerotic lesions when compared to M allele carriers (Malin et aL.,2001)'

Homozygosity for the L allele has also been associated with severe internal carotid

artery atherosclerosis (Fortunato et al.,2003, Leus et aL.,2000, Schmidt et al.,l998a).

The largest study involved 316 randomly selected individuals, and showed that the LL

genotype was associated with nearly double the risk of severe internal carotid artery

atherosclerosis (adjusted OR 1.91, 95yo CI l.l4 - 3.20) (Schmidt et al., 1998a). In

2000, the same authors reported a strong association between the LL genotype and

progression of white matter lesions on magnetic resonance imaging (adjusted OF.2.7,

95% Cl L4 - 5.2), implicating the relevance of this SNP in the pathogenesis of small

vessel disease. In contrast, two other studies of ischemic stroke did not find an

association with the PON1 M54L SNP (Voetsch et al.,2002,Imai et aL.,2000)'

35
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2.4.2 Glycoprotein 1b

The benefit of anti-platelet therapy in preventing recurrent ischemic stroke is well

established and provides strong evidence that platelets play an important role in the

pathogenesis of ischemic stroke (Gubitz et a|.,2003). Evidence no\ / suggests that that

an exaggerated platelet response predisposes to ischemic stroke. Plasma levels of PF4

and Beta-TG, two platelet derived molecules released following cellular activation, are

significantly higher in patients with ischemic stroke when compared to normal controls

(Shah e/ al., 1985, Uchiyama et al., 1983). Furthermore, functional in vitro studies

have shown that platelets from patients with ischemic stroke are excessively prone to

thrombus formation, either spontaneously or following exposure to various

aggregating agents or tensile stress (Konstantopoulos et al., 1995, Shah et al., 1985,

Uchiyama et a1.,1983).

Haemostasis functions to limit blood loss following vascular injury. The process

begins with adhesion of platelets to exposed sub-endothelial tissues. This initial step is

mediated by a plasma adhesive glycoprotein, von Willebrand factor (vWF), which

upon binding to exposed sub-endothelium, undergoes a conformational change

revealing a cryptic ligand that is subsequently recognised by its platelet receptor, the

glycoprotein lblIXlV complex (Berndt et a|.,1995). This interaction acts as a "platelet

brake", slowing down circulating platelets as they move across exposed sub-

endothelial tissues and permits platelet arest via three other interactions: a) platelet

integrin o2Bl binding to sub-endothelial collagen; b) platelet integrin cr5pl binding to

sub-endothelial fibronectin; and c) platelet integrin u2bþ3 (glycoprotein IIb/IIIa)

binding to sub-endothelial fibrinogen, fibrin and vWF (Savage et al., 1996).

Spontaneous activation ofplatelets can also occur under conditions ofhigh shear stress

such as those encountered over an ulcerated atherosclerotic plaque or across a high-

grade vascular stenosis. The process can occur without exposure to sub-endothelial

tissues and is initiated by the binding of circulating v'WF to platelet glycoprotein lbo

(Razdan et a\.,1994). In comparison to normal controls, platelets from ischemic stroke

patients exhibit an exaggerated shear-induced platelet aggregation response. This

process is not inhibited by aspirin but is totally inhibited by ticlopidine and
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dipyridarnole, suggesting that intra-platelet signalling does not involve the cyclo-

oxygenase pathway (Uchiyarna et a|.,1994, Konstantopoulos et aL.,1995).

In 1992, Kuijpers et ql. identified a cytosine to thyrnidine single nucleotide SNP

located at position 434 within the coding region of the glycoprotein lb gene resulting

in a Threonine (Thr) to Methionine (M) sLrbstitution at amino acid position 145 (Figure

2.4). This substitution causes aconformational change in the glycoprotein lb molecLrle

that alters its antigenicity and defines the human platefet alloantigen (HPA-2a/b)

system that is associated with platelet transfusion refractoriness (Kuijpers el a|.,1992).

Figure 2.4
Structure of the Glycoprotein Ib/IXA/ Complex

Schentatic dt'ay,ing oJ the Glycopt'olein Ib/lXiV complex shot,ing fhe posiîion of'knou,n SNP's relotive
to lhe t,LI/F-binding sile. Nole lhe HP¿|-2o/b is located vithin lhe vWF-binding domain. Figure f'ont
hllp://tltv.rl nibsc.ac.uk/clit,isious/Haent/diagSlcopt'olein hpa antigens.hlntl.

A cytosine allele at nucleotide position 434 corresponds to threonine at atnirto acid

position 145 and the HPA-2a antigen subtype, whilst the thymidine allele results in a

methionine substitution at arnino acid position 145 and HPA2-b antigen subtype. The

change in molecular shape is also thought to be firnctionally important as the

polymorphisrn occLrrs within the leucine-rich region responsible for binding of von

Actrn-brnding protcrn

GPV

G PI b,. GPIb ¡

ly'
Gly/G¡u "

von \¡Jillcbr¡nd f;:ctor ¡rnd thromb¡n
brn(lrnq stle

&çe flolEcul;rr wcrght polymorFhr5m (VNTFI
HPA .2
Ihr/1,/lctrrl

Adelaide Genetic Stroke Studv .Iint .Ianne.s



Candidate Genes þr Ischemic Stroke

Willebrand factor ligand (Kuijpers et al., 1992). In a study by Douglas et al., carriers

of the methionine allele had increased platelet activity, evidenced by an exaggerated

response to agonist-induced platelet aggregation under high shear conditions (Douglas

et aL.,2000).

To date, the clinical studies investigating the relevance of the glycoprotein lb

l45Thr/M SNP to ischemic stroke have reported conflicting findings. Three studies

have reported a positive association (Sonoda et a1.,2000, Reinet et a1.,2000,

Gonzalez-Conejero et a\.,1998), whilst three others were negative (Meiklejohn et al.,

2001, Carlsson et al., 1997, Baker et a1.,2001). In the largest study involving 200

ischemic stroke patients and 317 age and gender-matched controls, possession of the

Met allele (Met/Met or Met/Thr genotype) was associated with a doubling of risk of

ischemic stroke (OR 2.18, p value:0.0005) (Sonoda et aL.,2000). Furthermore, in a

subgroup of non-smoking women less than 60 years of age, the risk of ischemic stroke

associated with the Met allele was greater than lO-fold (OR 10.6, 95yoCI2,2- 51.7)-

Reiner et al. reported a similar risk associated with homozygosity for the Met allele,

although the sample size was small, giving rise to wide confidence intervals (OR

10.63, 95%Cl1.43 -79.34) (Reiner et a\.,2000). In one of the negative studies, data

analysis was simplistic and did not account for confounding variables such as

smoking, hypertension and atrial fibrillation (Carlsson et al., 1997). In another

negative study involving 219 patients and 205 controls, there were no patients who

were homozygous for the Met allele thus risk determination could not be performed.

Although the prevalence of the heterozygous state was higher in ischemic stroke

patients, the study lacked the statistical power to demonstrate a significant risk

associated with this genotype (OR I .8,95yoCI0.94-3.4,p-- .07) (Baker et al',2001).

2.4.3 Glycoprotein IIb/IIIa

Glycoprotein IIb/IIIa exists in inactive state on the surface of resting platelets. After

platelet exposure to sub-endothelial tissues or under high shear-stress conditions, von

'Willebrand factor bound to platelet glycoprotein 1b/IX/V complex activates intra-

cellular mechanisms causing a conformational change within the Glycoprotein IIb/IIIa

molecule. This reveals receptor sites for von 'Willebrand factor and fibrinogen, which
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mecliate cross-linking between platelets and stabilize the adhesion to exposed sub-

endothelial tlssues. Activated platelets also release a variety of substances that attracf

and activate other circulating platelets, culminating in the formation of a platelet plug

(del Zoppo, 1998).

In 1989, Newman et al. idenÍified a thymidine to cytosine SNP at position 1565 within

exon 2 of the glycoprotein IIIa gene (Figure 2.5).

Figure 2.5
Structure of the Glycoprotein IIb/IIIa Complex

Schema!ic clratving of the Glycopt'otein tlb/llla complex shorling the position of knov'tt SNP's relalit'e

ro thefibrinogen-binictingsite. Note the PIAt/.,12 SNP (HPA-1) is localed outsicle theJibrinogen-binding

tlomain. Figtrre.from hltp:/All,tr.nibsc oc ulç/dit,isions/Haem/diog,glcoprorein hpa anligens.hlml

The SNP resulted in a leucine to proline substitLrtion at arnino-acid position 33 from

the NHz-terrninus, and defined the PlAl (leucine) -PlAz (proline) platelet alloantigen

system associated with neonatal alloirnmune thrombocytopenia and post-transfusion

plrrpLrra (Newrnan et al., 1989). This SNP has been shown recently to be functionally

significant with the degree of platelet adhesion being strongly genotype dependent.

Under physiological shear-stress conditions, platelets of PlA2lA2 genoÍype were

cooH

HPA -6

HPA -4

GPllbcr

cool{

delet¡on
Lydtt
Oeo

Val/Metrr/
I

Arg/Glnrrrs

Arg/Gln11l

GPllla

HPA -3
lle/Sefl!r

HPA.7 -
Pro/Alar07

ùF.lãcr

Fibrinogen
binding site
RGD
bindinq site

Adelaide Genetic Stroke Stucly Jim Jonnes



Candidate Genes for Ischemic Stroke 40

associated with a 2.8-fold increase in binding to immobilized fibrinogen when

compared to their wild-type counterpart (Vijayan et aL.,2003).

The mechanism underlying this enhanced adhesive phenotype is not well understood,

as the leucine to proline substitution occurs adjacent to the fibrinogen-binding site. In

one study, enhanced tyrosine phosphorylation of intracellular kinases following

receptor-fibrinogen interaction in PlA2lA2 platelets resulted in a conformational

change that altered intracellular responses following receptor-ligand binding that was

different to the wild-type counterpart (Vijayan et a|.,2000).

The relevance of the platelet glycoprotein IIb/IIIa PlAllA2 SNP to ischemic stroke

remains controversial. Four studies have found a positive association (Carter et al.,

1998, Pongracz et a\.,2001, Streifler et a\.,2001, Wagner et a|.,1998). In the largest

of these, involving 505 ischemic stroke patients and 402 healthy controls, a 2.4-fold

increase in risk of stroke associated with heterozygosity for the PlA2 allele (OR 2.37,

g5%CI 1.19 - 4.47, p value 0.01) (Carter et al., 199S). Furthermore, in subgroup

analysis of subjects less than 50 years of age, possession of the PlA2 allele was shown

to be a significant predictor of first ischemic stroke (OR 1.68, 95%CI l.0l-2.82, p

value:0.05) (Carter et al., l99S). The glycoprotein IIb/IIIa PlA2 allele was also

shown recently to be an important factor determining the natural history of internal

carotid artery stenosis. In this study comparing 86 symptomatic and 67 asymptomatic

patients with a greater than 50% internal carotid artery stenosis, heterozygosity for the

PlA2 allele conferred a 3.4-fold increased risk of ischemic stroke (OR 3.4, 95%Cl I '5-

7.8). The association was independent of other known cerebrovascular risk factors

(Streifler et al., 2001).

In direct contrast, five studies have failed to show an increased risk of ischemic stroke

associated with the platelet glycoprotein IIb/IIIa PlAllA2 SNP (Carlsson et al', 7997,

Reiner et a\.,2000, van Goor et a\.,2002, Kekomaki et al.,1999, Ridker et a|.,1997).

The largest of these involved incident stroke cases from the prospective follow-up of

14,916 men participating in the Physicians'Health Study (Ridker et al',1997). Over

an 8.6-year follow-up period, 209 incident strokes occurred. They were compared with
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709 controls from the same cohort who were free of vascular disease. The study found

no association between the glycoprotein IIb/IIIa PlA2 allele and stroke (OR 0.93,

g5%CI0.7-1.3) (Ridker et al., 1997). The study has since been criticised as it failed to

differentiate between ischemic and haemorrhagic stroke (Smith et a|.,1997). The study

cohort, consisting entirely of men, was also unusually healthy with vascular event rates

less than three per thousand per year and not representative ofthe general population at

large (Bray et al., 1997). There was also signifìcant racial heterogeneity amongst

participants, with approximately 6 percent being non-white. Furthermore, outcome

events were based on a self-reported questionnaire, thus introducing misclassification

bias.

In another negative study, a trend favouring an association between the glycoprotetn

IIb/IIIa PlA2 allele and was observed, but there rù/as no adjustment for the confounding

effects of established cerebrovascular risk factors (Carlsson et al., 1997)' Two other

negative studies investigated only a small number of patients (45 and 36 ischemic

stroke patients, respectively) and as such, were significantly underpowered to establish

a positive association (van Goor et aL.,2002, Reiner et a\.,2000).

2.4.4 Fibrinogen

Hyperfibrinogenemia is an established risk factor for ischemic stroke (Kofoed et al.,

2003, Qizilbash et al., 7991, Resch et al., 1992, Wu et al., 1992). In a recent

population-based prospective cohort study involving 8,755 participants, a high plasma

fibrinogen level was associated with almost double the risk of first ischemic stroke

(ORl.g,g5yoCIl.4-2.5) (Kofoed eta1.,2003).Theriskwashighestformenandfor

persons under 50 years of age (OR 5.2, 95%CI1.1-2.6) (Kofoed et a1.,2003). There

are several pathophysiologic mechanisms linking fibrinogen to ischemic stroke.

Fibrinogen binds to platelets via glycoprotein IIb/IIIa receptors and promotes platelet

aggregation. Furthermore, fibrinogen is the precursor of fibrin, a polypeptide that is

incorporated into the mural thrombus and influences clot stability. Raised fibrinogen

levels are associated with an accelerated platelet aggregation response and the

formation of larger clots that are less amenable to fibrinolytic reversal (Koenig, 2003).

Fibrinogen has also been implicated in the development of atherosclerosis. It has been
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shown to bind to the endothelial cell receptors and causes a change in endothelial cell

permeability allowing for deposition of sub-endothelial deposits. Fibrinogen can also

directly stimulate smooth muscle cell proliferation, induce monocyte chemotaxis and

provide an adsorptive surface in the sub-endothelium allowing for the accumulation of

oxidized lipoproteins (Koenig, 2003).

Fibrinogen is a glycoprotein composed of pairs of three non-identical polypeptides: the

alpha (o); beta (p) and gamma (y) chains. The genes encoding for these components

are clustered on the long arm of chromosome 4. As the production of f,rbrinogen is

highly dependent on the synthesis of the p component (Roy et a\.,1990), most clinical

research has concentrated on the p fibrinogen gene'

Figure 2.6
Structure ofthe p fibrinogen gene
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Eleven SNP's have been identified within this gene, with most being in tight linkage

disequilibrium with each other (Behague et al., 1996) (Figure 2'6). Functional

significance is limited to the -148 CIT SNP located in the promoter region of the p

fibrinogen gene. This polymorphism is located immediately adjacent to a transcription-

factor binding site that mediates the effect of interleukin-6 on fibrinogen levels

(Behague et al.,1996). The -148 C/T SNP is also in complete linkage disequilibrium

Adelaide Genetic Stroke Study Jim Jannes



Candidate Genes for Ischemic Stroke 43

with the -455G/A polymorphism located in the 5' flanking region of the p fibrinogen

gene (Behague et al.,1996),with both the T and A alleles from the respective SNP's

causing a significant increase in plasma fibrinogen level (Behague et al.,7996,Liu et

al.,2002,Iso et a\.,1995, Scarabin et a\.,1993, Tybjaerg-Hansen et al',1997). As the

-455G/A SNP is not a functional locus, its association with hyperf,rbrinogenemia is

thought to arise through its complete linkage disequilibrium with the -148 C/T SNP.

Few studies have investigated the relevance of the B fibrinogen -148 C/T SNP to

ischemic stroke. A strong association between T allele homozygotes and carotid

atherosclerosis was reported in the Austrian Stroke Prevention Study (Schmidt et al.,

1998b). This was a prospective cross-sectional study that genotyped 399 asymptomatic

individuals for the B fibrinogen -148 C/T SNP. Subjects were also examined for

internal carotid artery atherosclerosis using colour-coded duplex scanning. The study

found that homozygosity for the T allele was associated with a 6-fold increase in risk

of internal carotid artery atherosclerosis (OR 6.17, 95%Cl 1.7 -22.4) (Schmidt et al.,

1998b). However, this result should be interpreted with caution, as the number of TT

homozygotes was small (n:25) and an association between the -148 C/T SNP and

plasma fibrinogen levels was not demonstrated. Studies of other SNP's in linkage

disequilibrium with the -148 C/T SNP provide further evidence of its relevance to

ischemic stroke. Four studies of the -455G/A SNP have shown a positive independent

association with ischemic stroke (Nishiuma et al., 1998, Martiskainen et al., 2003,

Kessler et al.,1997,Liu et a1.,2002). The -455G/A SNP predisposes to stroke caused

by large and small-vessel disease. In the largest study involving22T patients and225

controls, homozygosity for the A allele was found to be a significant predictor of

ischemic stroke caused by large-vessel disease (chi-squared :4.0, p:0'045) (Kessler

et a|.,7997). More recently, in a cross-sectional study of 299 ischemic stroke patients,

possession of the A allele and hypertension was associated with a 4-fold increase in

risk of multiple lacunar infarcts (OF.4.24,95%CI1.29-13.99, p:0.02) (Martiskainen

et aL,,2003).

In contrast to the above fìndings, Blake et al. did not find an association between the B

fibrinogen _148 CIT SNP and an increased risk of ischemic stroke (OR 0.87, 95%CI
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0.63-1.21) (Blake et at.,2001). This study used data from the Physicians Health Study

cohort and should be interpreted with caution for reasons discussed earlier (reference

in2.4.2).

2.4.5 Prothrombin

Prothrombin (or coagulation factor II) is produced by the liver and is the precursor of

circulating thrombin. Upon activation of the coagulation pathway, prothrombin is

converted to thrombin that has a central role in the conversion of fibrinogen to fibrin.

High prothrombin levels are associated with a hypercoagulable state and predispose to

venous thrombosis (Poort et al., 1996). Recently, Gomez-Garcia et a/. showed that

prothrombin was also an important determinant of arterial thrombosis. In a study of 49

young ischemic stroke patients and 87 asymptomatic controls, plasma prothrombin

levels were significantly higher in those with ischemic stroke (l .1 1 U/ml vs 0.97 U/ml,

p value 0.003). This study also found that a high prothrombin level (greater than l.l

U/ml) was associated with a 3-fold increase in the risk of ischemic stroke (RR 3.2,

95%Cl 1 .03-9.96) (Gomez-Garcia et al., 2002).

In 1996, Poort e¡ a/. identified a G to A SNP at position 20210 in the 3' untranslated

region of the prothrombin gene. The SNP was shown to be functionally significant

with the A allele associated with high plasma prothrombin levels (Poort et aL.,1996).

The prothrombin G202104 SNP is located in the last position of the 3'-untranslated

region and is thought to influence prothrombin levels by preventing the cleavage of

mRNA during protein translation. This results in higher stability of transcribed mRNA

and contributes to a greater translation efficacy (Poort et al.' 1996).

The risk of ischemic stroke associated with the prothrombin G202l0A SNP remains

controversial. Homozygosity for the A allele is rare, with an estimated prevalence of

1.3 per 10,000. This genotype is strongly associated with premature death from both

venous and arterial thrombotic disease, including ischemic stroke (Nguyen, 2000,

Giordano et al., 1999). Three studies have shown an association between the

prothrombin 20210 G/A genotype and an increased risk of ischemic stroke (De Stefano

et a1.,1998, Gomez-Garcia et al.,2002,Longstreth ef al., 1998). De Stefano et al'
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(1998) reported the strongest association, with a 3.8-fold increased risk of ischemic

stroke (OR 3.8, 95%CI1.1-13.1) (De Stefano et al.,1998). The risk increased to S-fold

when the two ischemic stroke cases that were homozygous for the A allele were taken

into account (Possession of A allele, OR 5.1, 95o/'CI 1.6-6.3). These findings,

however, cannot be extrapolated to an older population with known cerebrovascular

risk factors, as the study population consisted patients with cryptogenic ischemic

stroke who were less than 50 years of age.

In contrast, seven studies showed no association between the prothrombin G202l0A

SNP and ischemic stroke (Hankey et aL.,2001, Corral et aL.,1997, Austin et aL.,2002,

Ferraresi et a\.,1997, Ridker et a1.,1999, Szolnoki et al.,20lZ,Lopaciuk et a|.,2001).

In an Australian study involving 219 cases of first-ever ischemic stroke and 205

controls, heterozygosity for the A allele was associated with a trend toward an

increased stroke risk, however this fell short of being statistically significant (OR 1.9,

95%CI 0.5-6.2) (Hankey et a\.,2001). In another large negative study, patients and

controls were recruited from the US Physicians Health Study cohort and thus should

be interpreted with caution for reasons described earlier (refer to 2.4.3) (Ridker et al.,

1999). The remaining five negative studies were limited to a young stroke population,

thus the findings cannot be extrapolated beyond this group.

2.4.6 Tissue Plasminogen Activator (TPA)

Occlusive thrombus complicating an atherosclerotic plaque underlies both small and

large vessel ischemic stroke (Fisher, 1979, Constantinides, 1967). Focal disruption of

an atheromatous plaque exposes sub-endothelial collagen and triggers a local

haemostatic response. The endogenous fibrinolytic defence system plays an important

role in counteracting thrombus formation, with the degree of thrombosis governed by

the balance of these opposing effects (Rosenberg and Aird, 1999) (Figure 2.7).

Endothelium-derived TPA is the primary mediator of local intravascular fibrinolysis.

In knockout mouse experiments, TPA-deficient mice were found to have markedly

slower rates of reperfusion following thrombotic occlusion of a carotid artery, when

compared with their wild-type counterparts (Matsuno et al.,1999).
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Figure 2.7
The Human Fibrinolytic PathwaY
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The secretion of TPA by endothelial cells is regulated by two mechanisms: (a) an acute

release of local TPA that is precipitated by vascular injury and occurs within seconds

to minutes and (b) a long-term basal secretion rate that is determined by the chronic

activation of the fibrinolytic system and is responsible for the changes in the plasma

level of TPA (Kooistra et al., 1994).Indeed, a high plasma TPA antigen level has been

shown to be an independent predictor of ischemic stroke in both cross-sectional

(Johansson et aI.,2000, Kain et a\.,2001, Margaglione et al.,7994,Lindgrenet al',

1996, Kristensen ¿/ al., 7999, Kristensen et al., 1998, Macko et al., 1999) and

prospective cohort studies (Ridker, 1994, Smith et al. , 1998). The rapid release of local

TpA by the endothelium is considered to be the most important mechanism mediating

the dissolution of arterial thrombus (Kooistra et al.,1994). Hence a low capacity for

rapid TPA release is likely to predispose to ischemic stroke.
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In humans, genetic factors play an important role in the variance of endothelial TPA

release (Jern et al., 1999). Recently, a SNP located at position -7,351 within the

enhancer region of the TPA gene was reported and shown to strongly correlate with

endothelial TPA release rates (Ladenvall et a|.,2000). Furthermore, the SNP was

found to have functional importance as it occurred within an Spl binding site, an

important factor promoting transcription. Possession of a T allele was shown to inhibit

Spl binding and was associated with less than half the TPA release observed in those

homozygous for the C allele. The TPA -7,35lClT SNP has subsequently been shown

to be clinically relevant, with a strong association of the T allele with first myocardial

infarction (OR 2.68, g5%CI 1.3-5.5) (Ladenvall et a\.,2002). To date, no studies have

reported the relevance of the TPA -7,351C/T SNP in ischemic stroke.

Figure 2.8
Structure of the TPA Gene
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2.4.7 Plasminogen Activator Inhibitor - 1 (PAI-1)

PAI-1 is an important regulator of intravascular fibrinolysis. Upon release by vascular

endothelial cells, PAI-1 binds and inactivates circulating TPA, which results in less

plasmin degradation of fibrin. Thus an elevated PAI-l level may result in excessive

suppression of frbrinolysis and predispose to an increased tendency for arterial

thrombosis. lndeed, high plasma PAI-l levels have been associated with both first

myocardial infarction and ischemic stroke (Brockmann et al.,lggl,Zhanget a|.,2001,

Kain et a\.,2002, Eriksson et a|.,1995).
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The regulation of PAI-1 expression is largely genetically determined. In a recent study

of normotensive twins, genetic factors accounted for 87o/o of the variance of plasma

PAI-I (Cesari et al., lggg). In 1993, Dawson et al. identified a single base pair

insertion/deletion polymorphism (PAI-1 5G/4G) in the promoter region of the PAI-1

gene (Dawson et al., 1993). This polymorphism was shown to be functionally

significant with the deletion allele (4G) associated with a 6-fold increase in PAI-I

mRNA expression (Dawson eÍ a\.,1993) and a25o/o increase in plasma PAI-1 levels

(Eriksson et a1.,1995). Both alleles are located within a transcription-factor binding

site, with the insertion allele (5G) also binding a repressor protein that inhibits DNA

transcription (Eriksson et al., 1995).

Studies that have investigated the risk of ischemic stroke associated with the PAI-1

5G/4G polymorphism have produced conflicting results. Two studies have reported a

significant association between the 4G allele and ischemic stroke (Zhanget aL.,2007'

Banget a1.,2001). The larger study, which involved 60 ischemic stroke patients and

100 asymptomatic controls, found a 3-fold increase in risk of ischemic stroke after

adjustment for known cerebrovascular disease risk factors (OR 3.1 7,gso/ocl I ' 1 8-8.15)

(Bang et a\.,2001).

In direct contrast, two studies have found a protective effect of the 4G allele on the risk

of ischemic stroke. In a study that investigated patients with minor stroke or transient

ischemic attack, the protective effect of the 4G allele was limited to those less than 60

years of age (OR 0.4,95yoCI0.2-0.9) (Endler et a\.,2000)' This study, however, did

not take account of or correct for confounding variables such smoking - this being

unequally distributed among cases and controls (cases 74o/o, controls25%).In another

population-based prospective cohort study involving 12,239 Dutch \ryomen followed

for up to 18 years, homozygosity forthe 4G allele was associated with a lower risk of

death from cerebrovascular disease (OR 0.4, 95%CI0.2-0.7) (Roest et aL.,2000)' The

authors speculated that the protective mechanism did not involve fibrinolysis, but

occurred due to a series of reactions promoting atherosclerotic plaque destabilization.

However, this study should be interpreted with caution, as it failed to differentiate

between ischemic and haemorrhagic stroke'

48

H
I

ì

i

(

t
I

i

I

I

I

f

q

T'

I

I

Adelaide Genetic Stroke StudY Jim Jannes



Candidate Genes for Ischemic Stroke 49

'i

rJ
t&

I

Two additional studies have reported no association between the PAI-I 5Gl4G

polymorphism and the risk of ischemic stroke (Catto et al', 1997. Hindorff et al',

2002). In the first, a study of 558 stroke patients, although no difference in the

prevalence of the PAI-1 5G/4G genotypes was observed between patients an controls,

PAI -l activity was significantly increased in stroke patients (p : 0'0001) and was

independently associated with all-cause mortality at one and three months (p : 0'02

and 0.03 respectively) (Catto et a\.,7997). These findings implied that other influences

mediate expression of PAI-1, however the authors failed to address this issue further.

In the other negative study, analysis was restricted to women younger than 45 years

and thus the finding cannot be extrapolated beyond this group (Hindorff ef a1.,2002).

2.4.8 Conclusions

This review of the literature has highlighted an important problem facing genetic

association studies: a lack of reproducibility. There are several important reasons for

this. Firstly, many of the studies were of inadequate sample size and consequently

lacked the statistical power to determine a significant genetic risk. Secondly, the

demographic and ethnic composition of the study populations (for both cases and

controls) varied widely. For example, a genetic risk factor found in a population of

young females with cryptogenic stroke may not necessarily be relevant to an older

stroke population. Thirdly, the definition and classification of stroke was not uniform

between studies. This is particularly important in studies of ischemic stroke, which is a

pathologically heterogeneous entity and requires a well-defined and accurate

classification. Fourthly, the studies varied in the methods of statistical analysis used

and other aspects, such as measurement and adjustment for known cerebrovascular risk

factors and ethnicity. Finally, the effect of interaction between potentially pathogenic

SNp,s with each other or with other cerebrovascular risk factors has not been

addressed. Given the polygenic hypothesis of common ischemic stroke, it is probable

that the latter mechanism will be the most important. The aim of this thesis is therefore

not only to determine the relevance of eight SNP's to stroke, but also to evaluate the

effects of interaction with each other and other known cerebrovascular risk factors'
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Chapter 3

Thesis Aims and Rationale

3.1 Thesis Aims

Despite considerable evidence for a genetic predisposition to ischemic stroke, the

precise genetic determinants remain unknown. Epidemiological studies to date have

identified several genetic candidates, however their significance has remained

controversial, as conflicting data exists. Furthermore, there is limited information on

the genetic predisposition to ischemic stroke in an Australian population (Baker et al.,

2001). The purpose of this thesis is to determine the risk of ischemic stroke in an

Australian population associated with the following eight candidate gene SNP's:

PON1 -l07clT
PON1 M54L

Glycoprotein 1 b l45Thr/Met

Glycoprotein IIb/IIIa Pl Al I A2

p fibrinogen -148 CIT

Prothrombin 20210 G lA

TPA _7,351 C/T

PAI-1 5G/4G

The specific aims of this thesis are as follows:

a) To determine the prevalence of each SNP in the general population (without a

history of ischemic stroke) residing in metropolitan Adelaide, South Australia.
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Selection of Study Design 51

b) To determine the prevalence of each SNP in patients presenting with acute

ischemic stroke to the major hospitals in metropolitan Adelaide, South

Australia.

c) To determine the risk of ischemic stroke associated with each SNP

d) To determine the risk of ischemic stroke stratified for stroke sub-type

associated with each SNP

e) To determine the magnitude of risk of ischemic stroke associated with each

SNP (attributable risk).

Ð To determine the risk of ischemic stroke associated with the interaction

between two SNP's

g) To determine the risk of ischemic stroke associated with the interaction

between each sNP and the following cerebrovascular risk factors:

Family history of stroke

Cigarette smoking

Hypertension

Atrial Fibrillation

Diabetes Mellitus

Hypercholesterolemia

3.2 Selection of StudY Design

Association and linkage studies comprise the two main strategies for the detection of a

genetic SNP predisposing to ischemic stroke. The latter has proved to be an important

application in the identification of genetic mutations underlying many monogenic

disorders, including Huntington disease and cystic fibrosis' The methodology focuses

on the familial segregation of genes and is based on the principle of linkage

disequilibrium, whereby two alleles at separate loci (usually physically close together)
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are inherited ata greater frequency than expected by chance. Typically, known DNA

markers are applied to large pedigrees of affected and unaffected individuals, with

identification of a DNA segment containing the mutant gene occurring when co-

segregation with a disease phenotype is found. The great advantage of this method is

its ability to identify novel genes. In multifactorial ischemic stroke, however, the

application of linkage analysis becomes difficult for several reasons: (1) As linkage

analysis relies on the availability of live relatives, the application to common ischemic

stroke that occurs predominantly in the elderly is less feasible. (2) Unlike Mendelian

disorders, common ischemic stroke is a genetically heterogenous entity \/ith multiple

genetic determinants predisposing to the same phenotype. This introduces significant

complexity when linkage analysis is used, with the identification of multiple loci

requiring a larger number of intact sibling or parental units. For example, if there are

10 known gene loci for ischemic stroke, it has been estimated that linkage analysis

(using the affected sibling pair method) would require a sample size of 6,800 affected

sibling pairs to show a threefold increase in the relative risk of ischemic stroke (Hassan

et a\.,2002). This increases to 61,230 affected sibling pairs if 20 ischemic stroke genes

were anticipated. (3) Linkage analysis also relies on complete gene penetrance, i.e.

those who inherit the disease-causing allele will manifest the disease phenotype. In

polygenic ischemic stroke, individual polymorphisms may not independently lead to

disease expression, but contribute in a sub-clinical manner to the overall disease

burden that is also influenced by environmental risk factors. This in turn limits the

phenotypic segregation of DNA variants, an essential requirement for successful

linkage analysis. (4) The multifactorial aetiology of common ischemic stroke may also

result in phenocopy. This phenomenon occurs when ischemic stroke manifests in

individuals who do not carry the disease-causing allele, suffer an ischemic stroke

because of other confounding environmental influences. Application of linkage

analysis in these cases may dilute the true association of a genetic mutation with the

ischemic stroke phenotype (Hassan and Markus, 2000).

The case-control study has been the most widely accepted approach in the

identification of genes that predispose to ischemic stroke (Cardon and Bell, 2001)' It

involves the association of disease with the difference in prevalence of the SNP
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between cases and controls. There are several important advantages that this

methodology has to offer: ease of subject attainment with more efficient recruitment of

cases and controls when compared to family-based strategies; large sample sizes can

be recruited; no requirement of genetic information from parents or siblings, allowing

for late-onset diseases to be investigated; confounding environmental influences can be

adjusted for readily and disease penetrance and attributable risk can be estimated

simultaneously (Cardon and Palmer,2003). Most importantly, case-control studies

possess a greater pov/er to identifli genetic variants with modest effect when compared

with linkage studies (Risch and Teng, 1998).

Despite these advantages, no stroke gene has been unequivocally demonstrated using

this method. The inconsistency and lack of reproducibility of positive findings is often

ascribed to undetected population stratification. This occurs when there is a difference

in allelic frequency between cases and controls that is unrelated to disease outcome,

but is attributable to the ethnic diversity of the population studied (Cardon and Palmer,

2003). Other factors responsible for the lack of reproducibility of positive findings

include: an inadequate sample size affecting study power; differences in study

recruitment; variation of population demographic factors between studies; variable

levels of adjustment for confounding risk factors; differing methods of statistical

analysis; and differing methods of ischemic stroke classifìcation.

Several alternative strategies have been developed in an attempt to overcome the

problem of undetected population stratification. First, implementation of a prospective

cohort study essentially eliminates selection bias of a control population' This

approach however, consumes significant resources and time, as it requires the

recruitment of a substantial number of cases prior to development of disease. Other

control sampling strategies include transmission disequilibrium testing (TDT) and

sibling transmission disequilibrium testing (S-TDT) which match cases with internal

family controls. Although robust in controlling for population stratification, these

approaches require parental and sibling genotypes which may be difficult to obtain in

late-onset diseases such as ischemic stroke. Furthermore, as TDT is based on

transmission of the disease-causing allele from a heterozygous parent to the affected
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proband, parental DNA with wild-type or homozygous genotype is disregarded'

Consequently, a greater sample size is required to establish statistical significance. It

has been estimated that for TDT, in order to demonstrate a doubling of risk of ischemic

stroke, screening of 31,680 index cases is required to provide the required 414 cases

with intact family units. The number required to screen in a S-TDT and for a matched

case-control study to achieve a similar risk profile and sample size is 3,062 and 820

respectively (Hassan et al., 2002).

Given the above information, time available and resource limitations, a well-designed

case-control study was considered the best method to address the research objectives.

A particular emphasis was placed on the recruitment of controls using measures to

minimise the effects of population stratification (see Chapter 4).

3.3 Selection of Candidate SNP's

With over four million human SNP's listed on a public database to date

(http://www.ncbi.nlm.nih.gov/SNP), a number of inclusion criteria were defined that

allowed for the selection of SNP's for investigation. First, technical considerations

limited the number of candidate SNP's that could be studied. A 96-well polymerase

chain reaction (PCR) thermal cycling machine, which allowed for the simultaneous

amplification of multiple DNA fragments containing polymorphic loci was available

for this research. Therefore, for each PCR reaction, the genotyping capacity ranged

from I SNP for 48 subjects, to 48 SNP's for 1 subject. After consideration of the

required sample size (see below), number of PCR reactions required, funding and

laboratory resources, genotyping of 8 SNP's (in 6 subjects per PCR) was considered

feasible.

The choice of SNP's was also influenced by the availability of genomic sequence

during the planning phase of this thesis. Genomic sequence containing the SNP was an

essential requirement allowing for oligonucleotide primer design. Only SNP's publicly

listed on the Entrez SNP Database (http://www.ncbi.nlm.nih.gov/SNP) \ryere

considered as potential candidates.
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The most important criterion for selection was biological plausibility. Before

consideration, it was essential that the SNP occurred in a gene of known function, with

a direct influence on the pathogenesis of ischemic stroke by one or more of the

following mechanisms: a) predisposing to atherosclerosis; b) enhancing platelet

function; c) augmenting intrinsic coagulation and d) impairing fibrinolysis'

polymorphisms previously reported to predispose or increase the susceptibility to

known cerebrovascular risk factors were not considered for selection. SNP's with

functional significance that altered the expression or function of the relevant gene

product were favoured. An emphasis was placed on SNP's that occurred within the

regulatory regions of the gene, with experimental evidence of altered gene expression.

In this latter group, consideration was strengthened if a correlation between an

objective measure of the gene product (i.e. plasma level of the protein) and ischemic

stroke had been reported. Although preference was given to novel SNP's that had not

been previously investigated for their relevance to ischemic stroke, strong

consideration was also given to SNP's with conflicting findings. In this latter group,

consideration was strengthened if positive results came from studies of good

epidemiological design. SNP's were not considered if their significance potentially

occurred through linkage disequilibrium with another functional gene locus'

3.4 Sample Size Estimation

On fulfilment of biological plausibility criteria, the feasibility of investigating each

SNp was then considered given the other limitations discussed above. Using previous

hospital admission data and taking into account the clinical resources and recruitment

time available, a sample size of up to 500 stroke patients and 500 controls was

estimated as a feasible target. An estimate of the sample size required to achieve

statistical significance for each SNP was then made, using prevalence data from

previous studies. As the genotype distribution may vary between ethnic groups,

preference was given to studies performed on Australian or Caucasian populations.

SNp's were then considered as candidates if the calculated sample size in at least one

estimation was within the pre-specified range of 500 per group'
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Table 3.1
Sample size estimations for selected single nucleotide SI\P's based on genotype

frequency data in a Caucasian population

56

Polymorphism

PON1-107 C/T

TT

TT

PON1 54MTL

LL

LL

LL

LL

Gplb l45ThrlVlet

Thr/Met or Met/Met

GpIIb/IIIa Pl{ll^2
PlA2 allele

Al/41 or AllA2
p Fibrinogen -148 C/T

CT or TT

T allele

T allele

TPA -7351 C/T

T allele

TT

PAI5G/4G

4GI4G

4G allele

4G allele

Sample Size Reference
Required**

Min P?k

oR (%)

2.0

2.0

42

31

2.0 60 152 (305) (Simsek et al.,1994)

(Leviev and James, 2000)

(James et aL.,2000)

(Schmidt et al.,l998a)

(James et aL.,2000)

(Salonen et aL.,7999)

(Leviev and James, 2000)

(Newman et a1.,1989)

(Weiss et a1.,1996)

2.0

2.0

2.0

2.0

42

34

41

42

l5

19

45

19

21

2.0

2.0

t33 (26s)

166 (332)

133 (26s)

t36 (27t)

t33 (26s)

133 (26s)

205 (410)

t76 (3s2)

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

39

t2

26

45

53

133 (267)

t76 (352)

166 (332)

133 (266)

241 (483)

t4e (2e8)

133 (267)

140 (27e)

(schmidt et al.,l998b)

(Thomas et a1.,1994)

(Behague et aL.,1996)

(Ladenvall et aI., 2000)

(Ladenvall et al., 2000)

(Margaglione et al., 1998)

(Mikkelsson et al., 2000)

(Eriksson et a\.,1995)

* B ackgr ound prey al e nc e of the s pec ifi e d ge notype s in c onlr o I p opul al i ons.

**Total study sample size in braclæls.

Adelaide Genetic Stroke StudY Jim Jannes



Sample Size Estimation 57

Following the consideration and ranking of over 25 candidate SNP's, the eight highest

ranked SNp's that fulfilled the study criteria were selected for investigation. The

sample size estimations for these SNP's (and source of prevalence data) are listed in

tables 3.1 and3.2.

Table 3.2
Sample size estimations for selected single nucleotide SNP's based on previous

positive case-control studies of ischemic stroke

Polymorphism

Gplb 14SThr/NIet

Thr/Met or Met/Met 22.1 10.6

Thr/Met or Met/Met 26.5 14.2

(Gonzalez-Conejero et al',
1 9e8)

(Sonoda et aL.,2000)

Cases
(%)

Controls
(%)

Sample Reference
Size*

158
(31s)

174
(34e)

Gp IIbIIIIa Pl{llA2
Al/Al or AIIAZ

Prothromb.20210 GIA

GA or AA

28 22(43) (\ù/agner etal',1998)

119
(237)

(De Stefano et a1.,1998)

70

11 2

* Estimated sample size per group. Tolal study sample size in brackets

Calculations were performed using Win Episcope 2.0 statistical software (Epidecon,

University of Edinburgh). Estimated sample sizes were determined using the sample

size calculator for a matched case-control study. This was performed in the planning

phase of this thesis in May 2000. Therefore calculations were based on the studies

published prior to that time. In all estimates, the level of confidence was specified at

95%o with a study power of 80%. For polymorphisms without previous reference to

ischemic stroke, the sample size estimation was performed using the reported

background frequency of the SNP in the general population, with the minimum

detectable odds ratio specified at 2.0 (Table3.l). This value was selected, as it

represented a risk level that was considered clinically relevant in a sample size of 500.
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Where previous studies had found a positive association of the candidate SNP to

ischemic stroke, the prevalence of the SNP in both cases and controls was used to

estimate the required sample size (Table 3.2).

Adelaide Genetic Strolæ Studlt Jim Jannes



Chapter 4

Research Methods

4.1 Clinical Methods

4.1.1 ParticipatingHosPitals

The research objectives were addressed using an incident, matched, case-control study'

Cases were recruited from one of five hospitals in metropolitan Adelaide, South

Australia: The Queen Elizabeth Hospital, The Lyell McEwin Health Service, Flinders

Medical Centre, St Andrews Hospital and Memorial Hospital. The following clinical

research ethics committees approved this research (respective hospitals and their

private/public status in brackets):

The North West Adelaide Health Service, Ethics of Human Research Committee

(The Queen Elizabeth Hospital and Lyell McEwin Heath Service - both public

hospitals)

The Adelaide community Healthcare Alliance Ethics committee

(Memorial Hospital - private hospital)

St Andrews Hospital Ethics Committee

(St Andrews Hospital - private hospital)

The Flinders Clinical Research Ethics Committee

(Flinders Medical Centre - public hospital)

Patients and controls were recruited over a 28-month period between August 2000 and

November 2002.
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4.1.2 Recruitment of Ischemic Stroke Cases

Cases considered consisted of inpatients of the above hospitals with an admission

diagnosis of acute ischemic stroke. The method of identification of potentially eligible

cases varied according to the participating hospital. For The Queen Elizabeth Hospital

and Lyell McEwin Health Service, a daily review of the electronic admission databases

was undertaken. For the Flinders Medical Centre, a list of potentially suitable patients

was obtained from the stroke trials research nurse who would log new stroke

admissions on a bi-weekly basis. For private hospitals (Memorial and St Andrews

Hospital), the identification of potentially eligible patients was performed by weekly

communication with the treating neurologist. Recruitment was performed in

approximately fifteen 4-6 week time blocks. An attempt was made to minimise

selection bias by approaching consecutive patients presenting to hospital during these

time frames. However, as this study spanned across five hospitals and enrolment was

undertaken by a single investigator, this could not be strictly adhered to.

In all cases, the researcher was given permission by the treating doctor or head of unit

to approach the patient. A verbal consent from the patient (or next ofkin ifthe patient

was unable to communicate) was sought initially to review the patient's admission

records and investigations. Confirmation of ischemic stroke with a brain computerised

tomography (CT) or magnetic resonance imaging (MRI) scan was required to confìrm

eligibility. In those with normal findings, patients remained eligible if the clinical

diagnosis (as made by the treating medical staff and confirmed by the researcher) was

in keeping with the WHO definition for acute ischemic stroke (see Chapter 1.3.1)

(Hatono, 1976). Those with primary intracerebral haemorhage (including sub-

arachnoid haemorrhage) on neuro-imaging were not eligible for this study. Patients

with haemorrhagic transformation on neuro-imaging (i'e., secondary haemorrhage

within a cerebral infarct), however, remained eligible. Eligibility was not restricted by

age or gender.

Following fulfilment of the initial screening criteria, patients were re-approached by

the researcher and invited to participate. This involved discussing the research in detail

and providing an opportunity for the patient to review an information sheet (Appendix
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II), ask questions of the researcher and discuss it with family members. lnformed

written consent was then obtained (Appendix III). For those who were unable to give

informed consent, provision of study information and written consent was obtained

from the next of kin. Although no standardised criteria were used to determine the

patient's ability to give informed consent, this was considered carefully during the

initjal consultation together with the opinion of the treating doctor and family

members. A conservative approach was taken when the patient's ability to give

consent was questionable. In this situation, written consent was sought from the next

of kin. Patients who were unable to give informed consent and who did not have a

suitable next of kin to provide informed consent were not eligible for this study.

4.1.3 Questionnaire Assessment of Ischemic Stroke Cases

Following informed consent, patients were interviewed and information was recorded

directly into a secured electronic database (Microsoft Access, Version 2000). For

patients who were unable to communicate orally, information was obtained from a

review of the hospital records and from the next of kin. The following demographic

information was recorded:

(a) Name

(b) Gender

(c) Date of birth - age in years determined

(d) Address

(e) Ethnic origin - classified into the following categories:

Caucasian, Asian, Black, Hispanic, Arabic, Other

(f) Number of live siblings

(g) Contact details

A history of known cerebrovascular risk factors was then determined. A binary yes/no

response was recorded to following questions:

(a) Has a doctor ever diagnosed you with a stroke?

(b) Has a doctor ever diagnosed you with high blood pressure?

(c) Has a doctor ever diagnosed you with a high cholesterol level?

(d) Has a doctor ever diagnosed you with diabetes?
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(e) In the last 5 years, have you smoked cigarettes or tobacco?

(Ð Do you have an artificial heart valve?

(g) Has anyone in your family ever suffered a stroke?

A five-year cut-off was chosen for cigarette smoking, as this is the time required for

the risk of ischemic stroke attributable to this risk factor to return to a non-smoker's

level (Colditz et a\.,1988, V/olf et al., 1988)'

All medications taken on a regular basis prior to admission \ryere recorded. Medications

were further classified into the following categories:

(a) Antiplatelets

(b) Anticoagulants

(c) Antihypertensives

(d) Lipid lowering agents

(e) Other

In all cases, validation of self-reported cerebrovascular risk factors and medications

was performed by review of the medical records.

4.1.4 Clinical Assessment of Ischemic Stroke Cases

All cases underwent a neurological examination by a neurologist (JJ) and were

classifìed into one of four clinical categories as defined by the Oxfordshire Community

Stroke Project (ocsP) classification system (Bamford et al.,l99l):

(a) Total anterior circulation syndrome (TACS)

(b) Partial anterior circulation syndrome (PACS)

(c) Posterior circulation syndrome (PCS)

(d) Lacunar syndrome (LS)

The OCSP classification criteria are listed in Appendix I. Although often used alone'

in this study, the recorded stroke sub-type was determined in conjunction with the

known brain CT or MRI findings. This was considered important as patients were

Adelaide Genetic Stroke StudY Jim Jannes



Clinical Methods 63

examined several days following stroke onset, at which time many of the clinical signs

may have resolved. Where the neuro-imaging was normal, patients were classif,ied on

the OCSp criteria alone. Where the clinical findings had resolved or were inconsistent

with the neuro-imaging findings, the classification was based on site of acute infarction

on the CT or MRI scan. For example, under strict OCSP criteria, striatocapsular

infarction with no coftical signs would be coded as LS. As arterial occlusion occurs

within the proximal middle cerebral artery, in this study it was coded as a PACS'

Cases were also classified into cardioembolic and non-cardioembolic causes. A

cardioembolic origin was recorded if it was the most likely aetiology causing ischemic

stroke, based on the review of cardiac investigations including echocardiography and

electrocardiography. The research protocol did not call for echocardiography to be

performed routinely and this was performed at the discretion of the treating

neurologist. The presence of atrial fibrillation was determined in all cases by review of

the twelve lead electrocardiogram(s) performed on admission. Atrial fibrillation was

also deemed present if there \ryas a reported history of paroxysmal atrial fibrillation,

regardless of the cardiac rhythm on electrocardiography. All cases with atrial

fibrillation were recorded as cardioembolic in origin except when other investigations

(i.e. high grade internal carotid artery stenosis) showed otherwise. Patients with

cardiac valve prostheses were also coded as cardioembolic in origin if there was no

clinical or radiological evidence of an alternate thrombotic source.

Blood pressure was determined in accordance with the wHo recommendations for

measuring blood pressure (Chalmers et al.,1999). An average of four blood pressure

measurements using a manual sphygmomanometer was determined. Blood pressure

was taken in the supine or seated position. To avoid a spuriously elevated blood

pressure caused by cerebral infarction or by secondary complications, measurements

were taken at least three days after ischemic stroke onset or when the patient was

considered by the treating doctor to be clinically stable. The latter was defined as

patients who did not show evidence of clinical progression over the preceding 48 hours

or have any evidence of a secondary complication (i.e. sepsis, pneumonia,

thromboembolism, or raised intracranial pressure).
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4.1.5 Case Procedures

Following clinical examination, a random, non-fasting,20ml venous blood sample was

withdrawn from the cubital vein using a needle and syringe under aseptic conditions'

Although the researcher usually performed this at the time of recruitment, for patients

who had endured repeated blood tests during their admission, blood was collected at

the time of their next scheduled blood test by the hospital blood technicians. Although

collection of a fasting blood sample for the determination of plasma glucose and

cholesterol would have been preferable, this was not feasible with the resources

available.

4.1.6 Recruitment of Community Controls

The names and contact details of community controls were obtained from The

population Research and Outcome Studies (PROS) Unit, South Australian Department

of Human Services (DHS, 2002). Controls were selected from persons who had

previously participated in PROS population surveys between 1999 and 2002' These

surveys were conducted using the South Australian Social and Environmental Context

Information System (SERCIS). The methodology used a computer-aided telephone

interviewing system for selection of participants and data recording. The sample frame

consisted of households listed in the South Australian electronic white pages and

located within metropolitan Adelaide. Sample households were randomly selected

from the electronic white pages. The response rate for SERCIS surveys was high,

usually between 70-80% of the initial number of households sampled (DHS, 2002).

V/ithin households, the person who was last to have a birthday (aged l8 years and

over) was selected for interview. If the selected person was unavailable, an alternative

person was not accepted. Under this circumstance, regular callbacks were performed

with an individual deemed a "non-contact" following six unsuccessful contact

attempts. Following a successful contact with the selected person, verbal consent to

participate in the survey was obtained. On conclusion of the survey, permission from

the participant was sought to contact them again if the need arose. For this research,

only those who had previously agreed to being contacted again were considered as

potential community controls. Community controls were matched with cases of

ischemic stroke for age and gender. Age was matched to within 5-year strata,
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commencing from 2l-25 years to 8l-85 years. Those less than 2l years of age and

greater than 85 years of age were classified in the "less than 2l years" and "greater

than 85 years" age categories, respectively. PROS first identif,red all persons matched

for age and gender who had given prior consent to be re-contacted. From this

subgroup, persons were contacted randomly by telephone and requested to participate

in this research. The request was performed by a professional telephone interviewer

who:

(a) Explained the purpose of the study.

(b) Explained what their participation would involve'

(c) Gained agreement (or otherwise) for participation in the study.

(d) Established that the persons had never been diagnosed medically with a stroke.

(e) Explained that participants would be contacted by a member of the research

team and established preferred contact details'

Following the identification of potential community controls by PROS, individuals

who agreed to participate on initial screening \ryere re-contacted by telephone by the

current researcher. The study purpose and methods \ryere then discussed in detail and a

confirmation of their acceptance to participate was sought. A negative personal history

for ischemic stroke also confirmed as a pre-request for eligibility. Those who agreed

were posted a study information sheet (Appendix II) and were given an appointment to

be seen on an outpatient basis. Control recruitment clinics were held in the outpatient

departments of The Queen Elizabeth Hospital and Lyell McEwin Health Service

between December 2000 and December 2002.

4.1.7 Questionnaire Assessment of Community Controls

Following informed written consent, controls were interviewed and information was

recorded directly into a secure electronic database (Microsoft Access, Version 2000)'

Demographic information, prior history of stroke, personal history of cerebrovascular

risk factors and medication history was determined as per the ischemic stroke cases

(see 4.1.3).
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4.1.8 Clinical Evaluation of Community Controls

Blood pressure was determined in accordance with the WHO recommendations for

measuring blood pressure (Chalmers et a1.,1999). An average of four blood pressure

measurements using a manual sphygmomanometer was determined. All blood pressure

measurements were taken in the seated position.

4.1.9 ControlProcedures

An electrocardiogram was performed on all controls and the presence of atrial

fibrillation determined. Atrial f,rbrillation was also deemed present if there was a

personal history of paroxysmal atrial fibrillation, regardless of the cardiac rhythm on

electrocardiography. A random, non-fasting, 20mil venous blood sample was drawn

from the cubital vein using a needle and syringe under aseptic conditions. To maintain

consistency in the methodology, controls were not requested to fast for their blood

sample.

4.2 Laboratory Methods

4.2.1 Glucose and Cholesterol Determination

lgml of venous blood was sent to the Institute of Veterinary and Medical Science

clinical biochemistry laboratory (The Queen Elizabefh Hospital) for the determination

of plasma glucose and total cholesterol (non-fasting).

4.2.2 DNA Extraction

DNA preparation was performed at the Australian Red Cross (South Australian

Branch) Tissue-Typing Laboratory. DNA was extracted from 10mls of venous blood

using a standard salting-out procedure (Miller et al.,1988) and was stored at 40C until

tested.

4.2.3 Genotyping Methods

The presence or absence of SNP's was determined using the polymerase chain reaction

sequence-specific primer (PCR-SSP) method (Bunce et al.,1995). In this method, the

terminal 3'-nucleotide of a primer is designed to base pair with the target polymorphic

site. A consensus primer is also designed to target a non-polymorphic region within
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300-400 base pairs of the SNP. The use of a SNP-specifîc primer, under optimised

conditions, allows for amplification only when the polymorphism is present' This

occurs because Taq polymerase is deficient in exonuclease activity and therefore is

unable to repair a mismatched 3'-terminal primer nucleotide, which would facilitate

amplification of the wild-type allele (Chien et a1.,1976).In this study, two additional

oligonucleotide primers were also used in multiplex reactions that generated a 600bp

amplicon from the HLA-DRB3 gene. This acted as a positive control that was used to

discriminate between failed and negative PCR reactions. PCR-SSP was performed in

96-well PCR plates using a Peltier PTC-200 thermal cycler'

4.2.4 Oligonucleotide Primer Design

Oligonucleotide primers were designed for all SNP's using sequences obtained from

the Entrez Human Genome public database (www.ncbi.nlm.nih.gov/SNP) and were

synthesised locally (Geneworks Pty Ltd, Adelaide, South Australia). Primers were

designed to have a primer-template annealing temperature of 60-620C and an

approximately 50%o guanine (G) to cytosine (C) content. A SNP-dependent nucleotide

was placed on the terminal 3'-terminal nucleotide of the primer in all cases apart from

the PAI 5Gl4G SNP, where an internal primer mismatch was created' The

oligonucleotide primer sequences, genebank accession codes and PCR product sizes

are listed in table 4.1. ABLAST search was performed on all oligonucleotide primer

sequences (www.ncbi.nlm.nih.gov/BlAsT) and checked for cross-reactivity with

other DNA regions. The sequence of the two positive control primers coding for a 600

base pair fragment of the HLA-DRB3 gene is as follows:

Forward primer:

Reverse primer:

TGCCAAGTGGAGCACCCAA

GCATCTTGCTCTGTGCAGAT
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Table 4.1

Oligonucleotide Primer Sequences, Genebank Accession Numbers and PCR Product Sizes

Polymorphism Primer Sequence (5'-3') Genebank
Accession No.

Position Primer Size Product Size

(5' (Mer)-3')

PON1 -t07cn
C
T
Consensus

PON1 M54L
M
L
Consensus

Gp1b14ST/ÌVI
T
M
Consensus

GpIIb/IIIa Pt A1/42
A1
A2
Consensus

NM 000173
NM 000173
NM 000173

927 -9rl
927 -9lt
654 - 671

48-68
48-68

306 - 287

541 - s24
541 - 524
179 - 198

1515 - 1498

l5l5 - 1498

132t - 1340

CCG ATT GGC CCG CCC CG

CCG ATT GGC CCG CCC CA
CAA GGA CCG GGA TGG CAC

CAG AAA CTG GCT CTG AAG ACA
CAG AAA CTG GCT CTG AAG ACT
AAG TGG GCA TGG GTA TAC AG

CCA GCT TGG GTG TGG GCG
CCA GCT TGG GTG TGG GCA

CGA AAG ACA CAA CCA TCC TC

CAC AGC GAG GTG AGC CCA
CAC AGC GAG GTG AGC CCG

CTG TAC AAC GGT CCT AAG GG

AF05133
AF05133
AF05133

u5s879
u55879
s56546

M32672
M32672
M32672

17

t7
18

2I
2l
20

18

18

20

18

l8
20

274

150

363

195

68



Table 4.1 (continued)
Oligonucleotide Primer Sequences, Genebank Accesion Numbers and PCR Product Sizes

Polymorphism Primer Sequence (5'-3') Genebank
Accession No.

Fib -r48 c/T

GCA ACA TCT TCC CAG CAA AG
GCA ACA TCT TCC CAG CAA AA
GTC ACG ATT TTA GTG GTT GCC

Proth. 202l0clA

B

C
T

G
A

Position
(5'-3')

1371 - 1352
t37l - 1352
1112 - lt32

26762 - 26784
26762 - 26784
26907 -26685

2245-2228
2245-2228
1 841-1 858

2504 - 2487
2506 - 2487
2193 - 2212

Primer Size
(Mer)

Product Size
(Mer)

20
20
21

Consensus

Consensus

CCC AAT AAA AGT GAC TCT CAG CG

CCC AAT AAA AGT GAC TCT CAG CA
GAG TGC TCG GAC TAC CAG CGT GC

ATG GCT GTG TCT GGG GCG
ATG GCT GTG TCT GGG CA

ATT GGC GCA AAC TCC TCA

ACA CGG CTG ACT CCC CCA
ATA CAC GGC TGA CTC CCC A

CCT AAA AGC ACA CCC TGC AA

x05018
x05018
x05018

l|i4t7262
Mr7262
l|{17262

248484
248484
248484

J03764
J03764
103764

23
23

23

260

146

405

5G:312,
4G:313

TPA -7351 C/T
C
T
Consensus

PAI5G/4G
5G
4G
Consensus

r9
19

18

18

19

20

-l ...¡
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,l

4.2.5 PCR-SSP Method

Ol i eonucleotide Primer Preparation

The final working concentrations (and manufacturers) of the components for a control

primer stock containing the HLA-DRB3 positive control primers are listed below:

Cresol red

HLA-DRB3 forward primer

HLA-DRB3 reverse primer

62pglml

5pglml

5pglml

(Fluka)

(GeneWorks)

(GeneWorks)

SNP-specific primers were then added to the above. As the primers for each SNP

varied in composition and hence DNA annealing capacity, an initial optimisation step

was performed to determine the SNP-specific primer concentration that achieved

optimal amplification of the target DNA fragment. The final primer concentrations per

reaction are listed in table 4.2.

Table 4.2
Primer Reaction Mix for each SNPil

i'rÈ

I

ì.
i

I

f

¡.
'It

,t'
T
I

I

Polymorphism

(PONI) -t\7ClT
(PON1) Ms4L
Gp Ib 145 T/M
Gp IIb/IIIa PlAllA2
p Fibrinogen -148 C/T
Prothrombin 202l0clA
TPA -735lClT
PAI-I 5G/4G

Allele-Specific Primer
(P,g/ml)

20
20
20
l0
10

10

20
10

Consensus Primer
(¡rglml)

20
20
20
l0
l0
10

20
l0

5pl of each primer mix was then dispensed in separate wells of a 96-well PCR plate.

lgpl of paraffin oil was added to each well to minimise primer and reagent evaporation

during PCR thermal cycling.

.r{

i-
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DNA Preparation

The following reagent mixtures (final concentrations listed) were prepared in advance

and used in the preparation of DNA:

(a) 10x PCR Buffer

Tris Base 67mM (Sigma Chemicals)

Ammonium Sulphate 17mM (BDH Laboratory Supplies)

pH 8.9 with concentrated hydrochloric acid (BDH Laboratory Supplies)

5ml Tween 20 per 500m1 (BDH Laboratory Supplies)

(b) TMDH Mixture

6ml 10x PCR buffer

6ml lOmM dNTP (nucleotides)

5.1 ml25mM Magnesium Chloride

6ml autoclaved, deionised water

(Applied Biosytems)

(Applied Biosytems)

The DNA solution was prepared using the following protocol:

l00plTMDH

57pl autoclaved, deionised water

4.25 Units AmpliTaq DNA Polymerase (Applied Biosytems)

3pl DNA

8pl of DNA solution was then added to each well containing the allele-specific

primers. A colour change (pink - mediated by cresol red) confirmed the presence of

DNA in the PCR reaction mix.

PCR Thermal C)¡cline

pcR was performed using a PTC-200 Peltier Thermal cycler (MJ Research)

The following PCR cycling parameters were used:

5 cycles of: 960C for 25 seconds 700C for 45 seconds 72oC for 45 seconds

21 cycles of: 960C for 25 seconds 650C for 50 seconds 72oC fot 45 seconds

4 cycles of: 960C for 25 seconds 550C for 60 seconds 720C for 125 seconds

i.
i

i

I
I
J,

i

$"
'li

I
{

4

I
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4.2.6 Genotypel)etermination

PCR-SSP products were fractionated on 2o/o agarose gels and visualized under

ultraviolet light following ethidium bromide staining ('Welsh and Bunce, 1999). Gels

were photographed using a high-resolution digital camera (Olympus ColourPix X990)

and the genotype determined by visual inspection. The genotype determination of four

SNP's in one subject is illustrated in figure 4.1.

Figure 4.1

Genotype Determination by Visual Inspection: Glycoprotein Ib T/M'
Glycoprotein IIIaPIAI lA2,PAl5Gl4G and Fibrinogen 148 C/T Genotype In One

Subject.

Positive Conh'ol

Polyrnorphisrn

Prirner Dirner'

1. Glycoprotein Ib T (wild-type)
2. Glycoprotein Ib M (SNP)

3. Glycoprotein IIIa PlAl (wild{ype)
4. Glycoprotein IIIa PlA2 (SNP)

5. PAI 5G (wild-type)
6. PAr 4G (SNP)
7. Fibrinogen 148 C (wild-type)
8. Fibrinogen 148 T (SNP)

A larger sized positive control band indicates a successful PCR reaction. The absence of the

Glycof,rotein Ib methionine band indicates that this individual is homozygous for the wild-type allele.

Foi fibrinogen 148 ClT, positive bands are present for both alleles, indicating a heterorygous state. The

genotype for this individual is therefore: Glycoprotein Ib T/T, Glycoprotein IIIa PlAl/PlAl, PAI 5G/4G'

Fibrinogen 148 C/T

The primer dimer band represents unused oligonucleotide primer.

I
,l

ir
t

¡
I

Adelaide Genetic Stroke Study Jim Jannes



Laboratory Methods /J

4.2.7 Quality Assurance Measures

Two quality assurance measures were undertaken to ensure that genotype

determination using SSP-PCR was accurate.

SSP-PCR Reproducibilitv

Two independent investigators genotyped the first 100 subjects for all eight SNP's.

Investigators were blinded to the source of DNA. Genotyping using this approach was

fully concordant.

SSP-PCR Product Sequencine

The allele-specific bands were visualised on 2%o agarose gels to check for correct

amplicon size. Products were also sequenced to confirm amplification of the specific

target. This process was performed for each polymorphism'

Amplicons to be sequenced were extracted from agarose gel using the Wizard PCR

preps DNA Purification System (Promega). SSP-PCR products were ligated into a

pGEM-T bacterial vector using a pGEM-T Easy Vector System II (Promega) and then

transformed into JMl09 competent bacteria by heat shock. Transformed cells were

grown on ampicillin (+) agar plates treated with IPTG (0.5mM) and X-Gal (80pg/ml)'

Positive transformants were selected by blue/white colony screening. Selected colonies

were streaked onto another plate and gro\/n overnight at370C. Luria broth media with

ampicillin (25mglml) was then inoculated with a single colony and grown overnight at

370C with shaking. Plasmid minipreps were performed using the QIAprep Spin

Miniprep Kit (Qiagen).

DNA sequencing of the purified pGEM-T plasmid was performed by the Sequencing

Facility, Flinders Medical Centre, South Australia. The sequence was then

crosschecked with the known sequence of the intended DNA target containing the

SNp. An example of the resultant chromatogram file (TPA -7351 C/T) is illustrated in

Figure 4.1.

{
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Figure 4.2
Chromatogram Showing DNA Sequence of TPA -735I C/T SNP

AÂIAGcGclTIGGccGclcTcccÀAAGGAGcccEccccAGÀcAcA6ccAtÁAlcT6AÀTTcG
340 35u 360 -:io 38Ù 390 4oo

;r1 AT À GG G CT T TG GC C G C T CT-ðCCI À ÀG G À GC CCG C CCC ¡G À CÀ CÀ G C CAT À'\T CT GÀ À'T TC G

TheTpA 7351C/TSNPislocateclatposition3T2onthechromatogram(arrottt) TheCalleleisshou'n.

4.3 StatisticalMethods

Statistical analysis was performed by Covance Pty. Ltd. (Canberra, ACT) using

STATA (Version 7) statistical software. All tests are two-sided. Statistical significance

was defined at a p value of < 0.05.

4.3.1 Descriptive Statistics

The age and gender for both consenting and non-consenting stroke patients was

determined that allowed for the identification of case selection bias. A descriptive

comparison of other demographic variables and cerebrovascular risk factors was not

performed, as this was considered unethical. The proportion of controls that refused to

participate in this study after initial and subsequent screening was not disclosed by
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pROS. Consequently, a similar descriptive analysis between consenting and non-

consenting controls could not be performed'

4.3.2 UnivariateAnalysis

Unconditional logistic regression was used to determine the univariate odds ratios for

stroke for each of the following demographic factors:

(a) Age

Age was condensed into six age-group strata: <40,40-49,50-59, 60-69,70-79,80+

(b) Gender

(c) Ethnic Origin

A dichotomous variable for Caucasian and non-Caucasian origin was created'

Logistic regression was also used to determine the univariate odds ratio of stroke for

the following cerebrovascular risk factors:

(d) Cigarette smoking - defined as a history of smoking in the past 5 years

(e) Hypertension - defined as a self-reported history of hypertension or a measured

blood pressure >l4OmmHg systolic or >90mmHg diastolic

(f) Hypercholesterolemia - defined as a self-reported of hypercholesterolemia or a

random cholesterol level >5.5mmol/l

(g) Diabetes - defined as a self-reported history of diabetes or a random blood glucose

>l l.lmmol/l

(h) Atrial fibrillation - defrned as a self-reported history of paroxysmal atrial

fibrillation or presence of atrial fibrillation on electrocardiography

(i) Family history of stroke - defined as a self-reported of stroke in a hrst-degree

relative

A univariate odds ratio for the use of the following medication sub-types was

determined: antiplatelet, anticoagulants, antihypertensives, lipid lowering medication.

Unconditional logistic regression analysis was used to obtain estimates of odds ratios

for stroke for each polymorphism. Three separate parameterisations were fitted for

each polymorphism:
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(a) By genotype using a three level categorical variable: wild-type, heterozygous,

homozygous; wild-type used as the reference category.

(b) BV clustering using a two level categorical variable: wild-type, heterozygous and

homozygous combined; wild-type used as the reference category'

(c) By allelic frequency using a two level categorical variable representing either

allele.

Separate logistic regression models were formed to assess the univariate risk of stroke

associated with each polymorphism stratified for the following stroke subtypes:

(a) Lacunar

(b) Non-Lacunar Stroke: Defined as those with a total anterior circulation, parlial

anterior circulation or posterior circulation syndrome'

(c) Cardioembolic Stroke

(d) Non-cardioembolic Stroke

4.3.3 Multivariate AnalYsis

Unconditional logistic regression was used to determine the risk of stroke associated

with each SNP following adjustment for known cerebrovascular risk factors. Two

methods were used to determine which variables would be included in the fìnal

multivariate models. Firstly, a set of "important variables" with respect to each

polymorphism was identified. This was achieved using a bivariate analysis that

determined the effect of adjusting for each of the variables listed in section 4'3.2.

Although age and gender were matched for cases and controls, these variables were

also considered as independent, potentially confounding variables. A bivariate analysis

for each SNP and the following continuous variables \ryas also performed: systolic

blood pressure; diastolic blood pressure; random glucose level and a non-fasting

cholesterol level. Variables that altered the univariate odds ratio (associated with either

the heterozygous or homozygous state for the pathogenic allele) by at least 10%o were

then incorporated into a multivariate model.

The second method involved incorporation of all potential confounding variables into

an unconditional logistic regression model for each SNP. This method was performed
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because these factors considered together may result in considerable confounding

despite individually having a small influence.

4.3.4 Interactions

The above multivariate models were also used to determine the effect of possible gene-

environment and gene-gene interactions. Given the number of variables assessed (and

therefore the numerous interaction permutations), interaction assessment was limited

to the SNP's that were found to be independently associated with ischemic stroke. This

involved creating interaction variables that were incorporated into the final models and

allowed for the determination of the following:

(a) Interaction between the pathogenic SNP(s) and each of the risk factors listed in

4.3.2.

(b) Interaction between the pathogenic SNP(s) and the other SNP's investigated.
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Chapter 5

Results

5.1 Study Population

'Within the study recruitment period between August 2000 and December 2002,201

patients with a diagnosis of acute ischemic stroke were invited to take part in this

study. 1SZ (g0.5%) patients (or their next of kin) gave informed, written consent to

participate. 137 (75%) patients presented with their first-ever ischemic stroke. Most of

those who were not enrolled \¡/ere severely cognitively impaired and did not have a

suitable next of kin to provide informed consent on their behalf (10/19 cases). Three

cases died within 72 hours, despite an earlier intention to participate. The remaining

non-consenters made an informed decision not to participate. There was no difference

in terms of age and gender between consenters (both cases and controls) and non-

consenters (table 5.1). Although the ethnic origin and cerebrovascular risk factor

profile for non-consenters was available to the researcher, it was not recorded, as this

was considered unethical.

The number of ischemic stroke patients recruited was considerably lower than that

anticipated. This was mainly due to the withdrawal from participation by a major

public hospital in metropolitan Adelaide, subsequent to the commencement of this

study. This hospital manages approximately 300 stroke patients per year and was

considered an important source of patients during the planning phase of the study. The

withdrawal occurred as a satisfactory agreement on authorship from publications

generated from this thesis could not be reached.

The contact details of 320 potential community controls were provided by The

population Research and Outcome Studies (PROS) Unit (South Australian Department

of Human Services). Of these, 301 (94%) gave informed, written consent to participate
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between August 2000 and December 2002. Ahigh consent rate was achieved as PROS

only forwarded the contact details of individuals who had voiced interest in this study

during prior screening (see Chapter 4.1.6 - Recruitment of Community Controls). The

proportion of individuals that refused to participate during the initial screening process

was not disclosed by PROS and therefore this information is unavailable. Controls

were matched to stroke cases for age (within 5-year strata) and gender. As the number

of ischemic stroke cases vr'as lower than anticipated, an effort was made to recruit as

many controls as possible within the recruitment period in order to maximise study

po\ryer. Consequently, this study achieved a patient to control ratio of I : 1.65.

Table 5.1
Gender and Ase Characteristics of Consen ters and Non-Consenters

Variable
Consent

n (%)
Non-Consent

n (%)

Gender
Female
Male
Age
<40
40-49
50-59
60-69
70-79
80+
Total*

214 (44)
26e (s6)

10 (53)
e (44)

8 (2)
16 (3)
35 (7)
81 (17)
184 (38)
l5e (33)

483 (l0o)**

0 (0)
0 (0)

2 (t1)
3 (16)
7 (37)
7 (37)

1e (100)

* Includes both patients and controls. ** Comprised of 182 patients and 301 conlrols

The demographic characteristics and prevalence of cerebrovascular risk factors for

cases and controls are shown in table 5.2. No significant differences were observed

between cases and controls in terms of demographic variables. TlYo of cases were

above 70 years of age, with more males (56%) than females (45%). Most were of

Caucasoid origin. Although more non-Caucasoid cases were recruited than controls

(2o/o vs 0.3o/o), the absolute number was small and the difference was not statistically

significant (OR 6.7, 95%Cl 0.8-60.6)'

Adelaide Genetic Stroke Study Jim Jannes



(Jnivariate Analysis: Stroke Risk Factors BO

Table 5.2
Demographic Characteristics Between Controls and Cases.

Variable
Controls

n (%)
Cases
n ('/")

Odds Ratio
(es%cr)

p

Gender

Female

Male

Age (Years)
<40

40-49

50-59

60-69

70-79

80+

Ethnic Origin
Caucasoid

Non-Caucasoid*

t34 (45)

167 (ss)

6 (2)

10 (4)

22 (7)

4e (16)

120 (40)

e4 (3t)

300 (9e.7)

1 (0.3)

80 (44)

102 (s6)

2 (r)
6 (3)

13 (7)

32 (18)

64 (3s)

6s (36)

178 (e8)

4 (2)

1.0 (0.7-1.s)

1.0

1.8 (0.3-12.0)

1.8 (0.3-10.1)

2.0 (0.4-10.3)

1.6 (0.3-8.2)

2.r (0.4-10.6)

1.0

6.7 (0.8-60.6)

0.9

0.5

0.5

0.4

0.6

0.4

0.1

Total 301 (100) 182 (100)

* Aboriginal, Hispanic, Arabic, Asian

5.2 Univariate Analysis: Stroke Risk Factors

The risk of ischemic stroke associated with each of the known cerebrovascular risk

factors is shown in table 5.3. Of these, atrial fibrillation was associated with the

highest risk of ischemic stroke, with 23o/o of cases versus 3%o of controls affected (OR

8.5,g5yo Cl 4.1-17 .4). A history of smoking within the last five years (OR 3.1, 95% Cl

l.g-5.2) and diabetes (OR 2.g,1.8 - 4.7) were also found to be associated significantly

with ischemic stroke. No association was observed between ischemic stroke and a

history of stroke in a first-degree relative. In contrast, the prevalence of hypertension

and hypercholesterolemia was lower in cases than controls, with the difference being

statistically significant (hypertension OR 0.6, gsyocl 0.4-0'9, hypercholesterolemia

oR 0.5, 95%Cr 0.3-0.7).
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Table 5.3
Cerebrovascular Risk Factor Characteristics Between Controls and Cases.

Risk Factor
Controls
n(')

Cases
n ("/")

Odds Ratio
(es%cD

p

Smoking*

No

Yes

Hypertension**

No

Yes

Hypercholesterolemia'

No

Yes

Diabetes Mellituslf

No

Yes

Atrial Fibrillation

No

Yes

Famity History+

No

Yes

Total

27t (e0)

30 (10)

s3 (18)

248 (82)

1 10 (37)

re1 (63)

267 (8e)

34 (l l)

2et (e7)

r0 (3)

zot (67)

loo (33)

13s (74)

47 (26)

s0 (27)

t32 (73)

ee (s4)

83 (46)

r32 (73)

4e (27)

14r (77)

4t (23)

122 (67)

60 (33)

3.1(t.9-5.2) <0.0001

0.6 (0.4-o.e) o.o1

0.s (0.3-0.7) <0.0001

2.9 (1.8-4.7) <0.0001

8.s (4.1-t7.4) <0.0001

1.0 (0.7-l.s) 1.0

301 (100) 182 (100)

* Defined as cigarette smoking in the last 5 years
** be/ìned al a self-reporled history of hypertension or blood pressure>l4\mmHg systolic or

>91mmHg diastolic
t Dertned"as a self-reported history of hypercholesterolemia or random cholesterol level > 5.Smmol/l
tt Defined as a self-r'eporfed hislory of diabetes or random blood glucose> I I ' 1 mmol/l
I Defined as a histoty of stroke in afirst-degree relative

To further evaluate the apparent protective effect of hypertension, a univariate analysis

for several definitions of hypertension was performed (table 5.4)'

Adelaide Genetic Stroke StudY Jim Jannes



(Jnivariate Analysis: Stroke Risk Factors 82

Table 5.4
Hypertension Between Controls and Cases.

Risk Factor
Controls

n (%)
Cases
n (%)

Odds Ratio
(es%cD

p

Hypertension (Composite)*

No

Yes

Ilypertension Grade**

None

Grade 1

Grade 2

Grade 3

Isolated Systolic

Hypertension (History) I

No

Yes

s0 (27)

132 (73) 0.6 (0.4-0.9) 0.01

s3 (18)

248 (82)

8t (27)

22 (7)

l8 (6)

2r (7)

lse (s3)

164 (s4)

137 (46)

es (s2)

6 (3)

6 (3)

4 (2)

7t (3e)

87 (48)

e5 (s2)

0.2 (0.1-0.6)

0.3 (0.1-0.8)

0.2 (0.1-0.s)

0.4 (0.3-0.6)

0.003

0.01

0.001

<0.0001

1.3 (0.9-l.e) 0.2

Total 301 (100) 182 (100)

* Defined as a self-reported hislory of hypertension or blood pressure> I41mmHg systolic or >90mmHg

diastolic
** Hypertension grade as defined by the WHO classificalion (Chalmers et al., 1999)

I De¡ned as a self-reported history ofhypertension alone

Stratification according to the World Health Organization blood pressure criteria

(Chalmers et al., 1999) showed a predominance of isolated systolic hypertension

amongst controls. This suggests a "white coat" hypertensive effect that may have led

to the misclassification of hypertension in these subjects (see Chapter 6.8 - "Study

Limitations" for further discussion). When a history of hypertension alone is

considered, the prevalence of hypertension amongst cases and controls is reversed,

although the difference is not statistically signif,rcant (oR 1.3, 95%Cl0.9-1.9)'

Table 5.5 provides information regarding the apparent protective effect of

hypercholesterolemia. V/hen a history of hypercholesterolemia alone is considered, the

apparent protective effect of hypercholesterolemia is lost, with no significant

difference between cases and controls. As cholesterol levels were determined in the
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non-fasting state, this observation suggests that misclassification bias may have

occurred (see chapter 6.8 - "Study limitations" for further explanation).

Table 5.5

Hypercholesterolem ia Between Controls and Cases.

Risk Factor
Controls

n (%)
Cases
n ("Á)

Odds Ratio
(es%cD

p

Hypercholesterolemia
(Composite)*

No

Yes

Hypercholesterolemia
(History)**

No

Yes

1 l0 (37)

le1 (63)

182 (60)

1 1e (40)

ee (s4)

83 (46)

1r7 (64)

6s (36)

0.s (0.3-0.7) <0.0001

0.9 (0.6-1.2) 0.4

Total 301 (100) 182 (100)

* Defined as a self-reported history of hypercholesterolemia or random cholesterol level > 5.Smmol/l
** Dertned as a self-reported history of hypercholesterolemia alone

5.3 UnivariateAnalysis: Medication

Table 5.6 illustrates the distribution of medication use between cases and controls. No

statistically significant difference was observed between cases and controls for the use

of antiplatelet, anticoagulant, lipid lowering or antihypertensive medication.
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Table 5.6
Medication Use Between Controls and Cases.

Medication Class
Controls

n (%)
Cases
n (%)

Odds Ratio
(es%cr)

Antiplatelet

No

Yes

Lipid Lowering

No

Yes

Anticoagulant

No

Yes

Antihypertensive

No

Yes

Total

l8e (63)

tt2 (27)

226 (7s)

7s (2s)

2es (e8)

6 (2)

16s (s5)

136 (45)

r0s (s8)

77 (42)

r3e (76)

43 (24)

t7t (e4)

11 (6)

e0 (4e)

e2 (st)

r.24 (0.9-1.8)

o.e (0.6-1.4)

3.2 (r.2-8.3)

1.2 (0.e-1.8)

301 (100) 182 (100)

5.4 Univariate Analysis: SNP's

Two cases died after enrolment in the study and prior to venous blood sampling, thus

genetic analysis could not be performed in these cases. Table 5.7 shows the

distribution of the SNP genotypes for the remaining 180 cases and 301 controls. No

cases were identified to be homozygous for the Glycoprotein lb HPA 2b allele.

Similarly, no individuals (cases or controls) possessed the Prothrombin 20210 AA

genotype. Using logistic regression for each SNP stratified for genotype, no significant

association with ischemic stroke was identified. The stratification of each SNP by

allelic frequency is shown in table 5.8. Amongst the control group, the prevalence of

pathogenic alleles ranged from l%o (Prothrombin202l0A allele) to 65Yo (PON1 54L).

The univariate analysis for each SNP by allelic frequency did not reveal any significant

association with ischemic stroke.
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Table 5.7
Univariate Analysis of SNP's (by genotype) between Controls and Cases'

Genotype
Controls
n(" )

Cases
n (%)

Odds Ratio
(es%cr)

p

PON 1 -l07Tlc
TT
TC

CC

PON 1M54L
MM
ML
LL
Gp lb HPA.2alb
aa

ab

bb

Gp IIb/IIIa PlAl/A2
A1A1

A1A2

A2A2
p Fibrinogen -148C/T
CC

CT

TT
Prothrom. 202l0clA
GG

GA

AA
TPA -7351ClT
CC

CT

TT
PAI-1 5G/4G

5G5G

5G4G

4G4G

Total

61(20)
200 (66)

40 (13)

36 (r2)
138 (46)

t27 (42)

2s6 (8s)

43 (14)

2 (1)

213 (7t)
8t (27)

7 (2)

1e0 (63)

r02 (34)

e (3)

2e3 (e7)

8 (3)

0 (0)

137 (46)

136 (4s)

28 (e)

6t (20)

1s8 (s2)

82 (27)

44 (24)

e7 (s4)

3e (22)

20 (1 l)
82 (46)

78 (43)

1s8 (88)

22 (12)

0 (0)

l 16 (64)

6t (34)

3 (2)

l 14 (63)

s8 (32)

8 (4)

r74 (e7)

6 (3)

0 (0)

74 (4t)
83 (46)

23 (r3)

42 (23)

e1 (s 1)

47 (26)

1.0

0.7 (0.4-1.1)

1.4 (0.8-2.4)

1.0

1.1 (0.6-2.0)

1.1 (0.6-2.0)

1.0

0.8 (o.s-1.4)

1.0

1.4 (0.e-2.r)

0.8 (0.2-3.1)

1.0

0.9 (0.6-1.4)

1.5 (0.6-4.0)

1.0

1.3 (0.4-3.7)

1.0

1.1 (0.8-1.7)

1.s (0.8-2.8)

1.0

0.8 (0.s-1,3)

0.8 (0.s-1.4)

0.1

0.3

0.8

0.7

0.1

0.7

0.5

0.8

0.4

0.7

0.5

0.2

0.5

0.5

30r (100) 180 (100)
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Table 5.8
Univariate Analvsis of SllP's (bv allele) between Controls and Cases.

Allele
Controls

n (t/r)
Cases
n (o/rl

Odds Ratio
l95' cll p

PON 1 -l07TlC
T
C
PON 1M54L
M
L
Gp lb EIPA2alb
a

b
Gp IIb/IIIa PlAl/A2
A1
A2
p Fib -148C/T
C
T
Prothromb 202l0clA
G
A
TPA -7351C/T
C
T
PAI-I 5G/4G
5G
4G

Total

PON 1 -l07TlC
PON 1M54L:

322 (s3)
280 (47)

210 (35)
3e2 (6s)

sss (e2)
47 (8)

s07 (84)
es (16)

482 (80)
120 (20)

se4 (ee)
8 (l)

18s (s1)
17s (4e)

r22 (34)
238 (66)

338 (e4)
22 (6)

2e3 (81)
67 (te)

286 (7e)
74 (21)

3s4 (ee)
6 (2)

231(64)
12e (36)

1.0

1.0 (0.8-1.4)

1.0

1.1 (0.8-1.4)

1.0

0.8 (0.s-1.3)

1.0

1 .2 (0.e-r.7)

1.0

l.o (0.8-1.4)

1.0

1.3 (0.4-3.7)

1.0
1.2 (0.e-1.6)

1.0

0.e (0.7-2.0)

0.5

0.8

0.3

0.3

0.7

0.2

0.5

0.8

410 (68)
te2 (32)

280 (47)
322 (s3)

17s (4e)
18s (s1)

5.5 Bivariate Analysis: Identification of confounders

A bivariate analysis for each SNP and known cerebrovascular risk factors was

performed. Both categorical and continuous risk factor variables were included in the

analysis (methods described in section 4.3.3). The determination of important'

confounding variables is shown in Appendix IV. A summary of the 'important'

confounding variables is listed below:

602 (100) 360 (100)

nil

smoking, DBP, atrial fibrillation
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Gp lb HPA2alb:

Gp IIb/IIIa PlAllA2.,

B Fib -148C/T:

Prothrombin 202l0GlA:

TPA -7351ClT:

PAI-I 5G/4G:

atrial fibrillation

SBP, hypertension, cholesterol, ethnic origin, glucose

SBP, DBP, cholesterol, glucose, diabetes, atrial

fibrillation

glucose, diabetes, atrial frbrillation

atrial fibrillation

DBP, atrial fibrillation

5.6 Multivariate AnalYsis: SNP's

Two statistical methods were used to adjust for the confounding effects of known

cerebrovascular risk factors. First, factors that were identified as 'important' variables

on bivariate analysis (as above) were incorporated into an unconditional logistic

regression model for each SNP. The second method involved incorporation of all

potential confounding variables into an unconditional logistic regression model for

each SNp (see section 4.3.3 -"Multivariate Analysis"). The latter method incorporated

the following variables in separate logistic regression models for each SNP: age,

gender, ethnicity, smoking, history of hypertension, history of hypercholesterolemia,

history of diabetes, atrial fibrillation and family history of stroke.

Table 5.9 shows the risk of ischemic stroke for each SNP (stratified for genotype) after

adjustment for "important' confounding variables as determined in section 5'5. A l'9-

fold increased risk of ischemic stroke was associated with the TPA -7351 TT genotype

(OR 1.9, 95%Cl1.0-3.6, P:0.049)'

Although the prevalence of the TPA -7351 CT genotype was higher for strokc

patients, this was not statistically significant (oR l.2,gs%ocl 0.8-1.9, p:0.3). No

other significant association was observed. Table 5.10 illustrates the risk of ischemic

stroke associated with each SNP (stratified by allelic frequency), adjusted for

,important' confounding variables as determined in 5.4. No significant association \ryas

observed, however, the risk of ischemic stroke associated with the TPA -7351 T allele

fell just short of statistical significance atthe5%o level (OR 1.3,95VoC11'0-1'8)'
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Table 5.9
Multivariate Analysis of SNP's (by genotype) between Controls and Cases

Adjusted for'Important' Confounders.

Genotype
Controls

n ("Á)
Cases
n(" )

Odds Ratio*
(es%cr) p

PON 1 -t07Tlc
TT
TC

CC

PON 1M54L
MM
ML
LL
Gp lb IJPA.2alb

aa

ab

bb

Gp IIbIIIIa PlAllA2
A1A1

AIA2
A2A2
p Fib -148C/T
CC

CT

TT
Prothromb 202l0clA.
GG

GA

AA
TPA -7351C/T
CC

CT

TT
PAI-I 5G/4G

5G5G

5G4G

4G4G

Total

61 (20)

200 (66)

40 (13)

36 (t2)
138 (46)

127 (42)

2s6 (8s)

43 (14)

2 (r)

213 (71)

8t (27)

7 (2)

1e0 (63)

102 (34)

e (3)

2e3 (e7)

8 (3)

0 (0)

137 (46)

136 (4s)

28 (e)

61 (20)

rs8 (s2)

82 (27)

301 (100)

44 (24)

e7 (s4)

3e (22)

20 (l 1)

82 (46)

78 (43)

158 (88)

22 (12)

0 (0)

116 (64)

61 (34)

3 (2)

r l4 (63)

s8 (32)

8 (4)

174 (e7)

6 (3)

0 (0)

74 (4t)
83 (46)

23 (t3)

42 (23)

e1 (51)

47 (26)

180 (100)

1.0

0.7 (0.4-1.1)

r.4 (0.8-2.4)

1.0

t.2 (0.6-2.4)

1.0 (0.s-2.1)

1.0

0.7 (0.4-1.3)

1.0

1.s (0.9-2.4)

0.6 (0.r-3.0)

1.0

1.1 (0.7-r.8)

1.7 (0.s-s.9)

1.0

1.1 (0.3-8.8)

1.0

1.2 (0.8-l.e)

1.e (l.0-3.6)

1.0

1.1 (0.7-1.8)

0.9 (o.s-1.7)

0.1

0.3

0.6

1.0

0.3

0.1

0.5

0.6

0.4

0.6

0.4

0.9

0.3

0.05

*Adjustedfor 'imporlant' cerebrovascular riskfactors as determined in Appendix IV

Adelaide Genetic Stroke StudY Jim Jannes



Multivariate Analys is :,SNP's

Table 5.10
Multivariate Analysis of SNP's (by allele) between Controls and Cases Adjusted

for'Important' Confounders

B9

Allele
Controls

n (%)
Cases
n(" )

Odds Ratio*
(es%cD

p

PON 1 -rù7Tlc
T

C

PON 1M54L
M
L
Gp 1b IJPA2alb
a

b

Gp IIbIIIIa PlAl/A2
A1

A2
p Fib -148C/T

C

T
Prothromb 202l0clA.
G

A
TPA _7351C/T

C

T
PAI-I 5G/4G

5G

4G

Total

322 (s3)

280 (47)

210 (3s)

3e2 (6s)

sss (e2)

47 (8)

507 (84)

e5 (16)

482 (80)

120 (20)

se4 (ee)

8 (l)

410 (68)

te2 (32)

280 (47)

322 (s3)

602 (100)

l8s (s1)

t7s (4e)

t22 (34)

238 (66)

338 (e4)

22 (6)

286 (7e)

74 (21)

3s4 (ee)

6 (2)

23r (64)

rze (36)

17s (4e)

185 (s1)

360 (100)

1.0

r.1 (0.8-1.4)

1.0

1.0 (0.7-1.3)

1.0

0.7 (0.4-r.2)

1.0

1.2 (0.8-1.9)

1.0

1.2 (0.8-1.7)

1.0

l.I (0.3-3.8)

1.0

l.3 (1.0-1.8)

1.0

1.0 (0.7-1.3)

2e3 (81)

67 (re)

0.5

0.8

0.2

0.3

0.4

0.9

0.06

0.7

ü
rü

I

* A¡liuslp.d for ' imnnrtant' cerehrovo,tculor ri.sk.foctor.s ns delcrmined.in Annpn¡tix IV

When all potential confounding variables are considered, no statistical association

between ischemic stroke and each of the SNP's was observed (Table 5.11).

/

li
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Table 5.11
Multivariate Analysis of SNP's (by genotype) Between Controls and Cases

Adjusted for all Potential Confounders

Genotype
Controls

n ('/ol
Cases
n ('/r)

Odds Ratio*
Os"/rcl)

p

PON 1 -lÛ7Tlc
TT
TC
CC
PON 1M54L
MM
ML
LL
Gp lb HPA.ZaÆ
aa

ab
bb
Gp IIb/IIIa PAUA2
AIAl
A1A2
A2A2
p Fib -148C/T
CC
CT
TT
Prothromb 202l0clA
GG
GA
AA
TPA _7351C/T

CC
CT
TT
PAI.I5G/4G
5G5G
5G4G
4G4G

2s6 (8s) 1s8 (88)

43 (r4) 22 (t2)
2 (1) 0 (0)

2r3 (7t) 116 (64)
s\ (27) 6l (34)
7 (2) 3 (2)

1e0 (63) 1 14 (63)
102 (34) s8 (32)

e (3) 8 (4)

2e3 (e7) r74 (e7)
8 (3) 6 (3)
0 (0) 0 (0)

r37 (46) 74 (41)
136 (4s) 83 (46)
2s (e) 23 (13)

1.0

0.7 (0.4-r.2)
1.6 (0.8-3.1)

1.0

1.7 (0.8-3.4)
1.4 (0.7-2.8)

1.0

0.8 (0.4-1.4)

1.0
r.4 (0.e-2.2)
0.5 (0.1-2.8)

1.0

0.es (0.6-1.s)
1.9 (0,7-s.4)

1.0

1.7 (0.s-s.4)

1.0

1.2 (0.8-1.9)
1.8 (0.e-3.4)

1.0

1.0 (0.6-1.8)
1.0 (0.6-l.e)

6r (20)
200 (66)
40 (13)

36 (12)
138 (46)
127 (42)

44 (24)
e7 (s4)
3e (22)

20 (1 1)

82 (46)
78(43 )

0.2
0.4

0.4

0.2
0.2

0.1

0.5

0.8
0.2d

ir{$

¡

0.4

0.4
0.1

6t (20) 42 (23)
1ss (52) el (s1)
82 (27) 47 (26)

Total 301 (100) 180 (100)

*Adjusledfor age, gender, ethnicity, smoking, history ofhypertension, history ofhypercholeslerolemia'

hisiory of diabetes, atrialfibrillation andfamily history of stroke'

In particular, the TPA -7351TT genotype was not associated with an increased risk of

ischemic stroke. Stratification by allelic status did not alter the outcome of the above

0.9
0.9

4
i'
I
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findings. When all potential confounding variables were considered, the TPA -7351 T

allele was not associated with an increase in risk of ischemic stroke (Table 5.12).

Table 5.12
Multivariate Analysis of SNP's (by allete) between Controls and Cases Adjusted

for all Potential Confounders

Controls
n (%)

Cases
n ("/.)

Odds Ratio*
(es%cD

p
Allele

I

.t

PON 1 -l07Tlc
T

C

PON 1M54L
M
L
Gp lb IIPA2alb
a

b

Gp IIbIIIIa Pl{llA2
AI
A2
p Fib -148C/T
C

T
Prothromb 202l0clA
G

A
TPA -7351ClT
C

T
PAI-1 5G/4G

5G

4G

322 (s3)

280 (47)

210 (35)

3e2 (6s)

sss (e2)

47 (8)

s07 (84)

es (r6)

482 (80)

t20 (20)

se4 (ee)

8 (1)

410 (68)

tez (32)

280 (47\

322 (s3)

l8s (s1)

t7s (4e)

1.0

1.2 (0.e-l.s)

1.0

1.1 (0.8-1.4)

1.0

0.7 (0 .4-1 .2)

1.0

1.2 (0.8-1.8)

1.0

r.l (0.8-1.6)

1.0

l .6 (0.s-s.2)

1.0

1.3 (0.e-1.7)

1.0

1.0 (0.8-1.4)

122 (34)

238 (66)

338 (e4)

22 (6)

2e3 (81)

67 (te)

286 (7e)

74 (2r)

3s4 (ee)

6 (2)

231 (64)

t2e (36)

t7s (4e)

185 (s1)

0.3

0.7

0.2

0.3

0.6

0.4

0.1

0.9

Total 602 (100) 360 (100)

*Adjustedfor age, gender, ethnicity, smoking, history of hypertension' hislory of hypercholesterolemia,

hßiory of diabetes, atrial fibrillation andfamily history of stroke'
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5.7 Subgroup Analysis: Lacunar Stroke

Table 5.13 illustrates the risk of lacunar stroke associated with each SNP' 44 cases

(24%) were classified with lacunar stroke. The risk of lacunar stroke associated with

the glycoprotein lb HPA2 b/b and prothrombin 20210 GA or AA genotypes could not

be determined as there \ryere no lacunar stroke cases with this genotype. On univariate

analysis, the TPA -7351TT genotype \ryas associated with a2.6-fold increase in risk of

lacunar stroke (OR 2.6, 95%CI1.l-6.4).

The corresponding attributable risk of lacunar stroke associated with this genotype was

l3%o (range 2%-17%) (table 5.14). A higher prevalence of the PON1 -l07CC

genotype also occurred in the lacunar stroke cohort compared to controls, however, the

difference only just achieved statistical significance (OR 2'4, 95%CI l'01-5'9)' The

corresponding attributable risk of lacunar stroke associated with the PONI -107CC

genotype was 2lo/o (0%-2g%) (table 5.14). The remaining SNP's were not associated

with an increased risk of lacunar stroke.

I
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Table 5.13
Lacunar Stroke: Univariate Analysis of SNP's Between Controls and Cases

Genotype Controls
n (%)

Lacunar Stroke
n (o/"\

Odds Ratio
(es%ct) p

PON 1 -l07TlC
TT
TC

CC

PON 1M54L
MM
ML
LL
Gp lb EIPA.2alb

aa

ab

bb

Gp IIbIIIIa PlAl/A2
AIAl
AIA2
A2A2
p Fib -148C/T
CC

CT

TT
Prothrombin
202l0clA
GG

GA

AA
TPA _7351C/T

CC

CT

TT
PAI-I 5G/4G

5G5G

5G4G

4G4G

Total

6t (20)

200 (66)

40 (13)

36 (r2)
138 (46)

r27 (42)

2s6 (8s)

43 (t4)
2 (1)

213 (7t)
8t (27)

7 (2)

1e0 (63)

ro2 (34)

e (3)

2e3 (e7)

8 (3)

0 (0)

137 (46)

136 (4s)

28 (e)

61(20)
1 s8 (s2)

82 (27)

10 (23)

18 (41)

16 (36)

3 (7)

2s (s7)

16 (36)

40 (e1)

4 (e)

0 (0)

33 (7s)

10 (23)

| (2)

26 (se)

1s (34)

3 (7)

44 (100)

0 (0)

0 (0)

t7 (3e)

18 (41)

e (20)

t2 (27)

20 (4s)

t2 (27)

1.0

0.6 (0.2-1.3)

2.4 (r.}r-s.e)

1.0

2.2 (0.6-7.6)

1 .5 (0.4-5.s)

1.0

0.6 (0.2-1.8)

1.0

0.8 (0.4-1.7)

0.9 (0.r-7.7)

1.0

r.1 (0.s-2.1)

2.4 (0.6-e.6)

1.0

1.0

r.r (0.s-2.2)

2.7 (r.t-6.4)

1.0

0.6 (0.3-1.4)

0.7 (0.3-1.8)

0.2

0.05

0.2

0.5

0.3

0.6

0.9

0.8

0.2

0.3

0.5

0.9

0.04

301 (100) 44 (100)
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Table 5.14
Attributable Risk of Lacunar Stroke Associated With TPA -7351TT and PONI-
l07CC Genotypes

94

Parameter LS Estimate Lower
Limit

Upper
Limit

TPA -7351 TT
Relative risk estimate

Proportion cases exposed

Attributable Risk

PON1 -107 CC

Relative risk estimate

Proportion cases exposed

Attributable Risk

OR

P

P(OR-lyoR

OR

P

P(OR-1)/OR

2.69

0.20

0.13

1.08

0.20

0.02

2.44

0.36

0.21

1.01

0.36

0.00

6.69

0.20

0.17

5.91

0.36

0.29

Table 5.15 shows the risk of non-lacunar stroke associated with each SNP (stratified

for genotype). Non-lacunar stroke was defined as cases classified with TACS, PACS

or PCS. 136 cases (76%) were classified with non-lacunar stroke. No association was

observed between non-lacunar stroke and each of the SNP's.
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Table 5.15
Non-Lacunar Stroke: Univariate Analysis of SNP's Between Controls and Cases

Genotype
Non-Lacunar

stroke*
n ('Á)

95

Controls
n (%)

Odds Ratio
(es%cr)

p

PON 1 -l07TlC
TT
TC

CC

PON 1M54L
MM
ML
LL
Gp lb HPA2alb
aa

ab

bb

Gp IIb/IIIa PlAl/A2
A1A1

AIA2
A2A2
p Fib -148C/T
CC

CT

TT
Prothromb 20210G/A

GG

GA
AA
TPA -7351C/T
CC

CT

TT
PAI-I 5G/4G

5G5G

5G4G

4G4G

Total

6l (20)

200 (66)

40 (13)

36 (12)

138 (46)

127 (42)

2s6 (8s)

43 (14)

2 (1)

213 (71)

8t (27)

7 (2)

leo (63)

t02 (34)

e (3)

2e3 (e7)

8 (3)

0 (0)

t37 (46)

136 (4s)

28 (e)

6r (20)

1s8 (s2)

82 (27)

34 (2s)

7e (58)

23 (t7)

17 (13)

s7 (42)

62 (46)

1 l8 (87)

18 (13)

0 (0)

83 (61)

s1 (38)

2 (r)

88 (6s)

43 (32)

5 (4)

130 (e6)

6 (4)

0 (0)

s7 (42)

6s (48)

14 (10)

30 (22)

7r (s2)

3s (26)

1.0

0.7 (0.4-1.2)

1.0 (0.s-2.0)

1.0

0.e (0.5-1.7)

1.0 (0.s-2.0)

1.0

0.9 (0.s-1.6)

1.0

1.6 (1.0-2.s)

0.7 (0.2-3.6)

1.0

0.e (0.6-1.4)

1.2 (0.4-3.7)

1.0

l.7 (0.6-s.0)

1.0

1.2 (0.8-1.8)

t.2 (0.6-2.5)

1.0

0.e (0.s-1.s)

0.e (0.5-1.6)

0.2

0.9

0.7

0.9

0.7

0.8

0.8

0.06

0.7

0.3

0.5

0.6

0.7

0.6

301 (100) 136 (100)
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5.8 Subgroup Analysis: Cardioembolic Stroke

Table 5.16 illustrates the risk of cardioembolic stroke associated with each SNP. A

cardioembolic source of ischemic stroke occurred in 24 (13%) cases. On univariate

analysis, no significant genetic association predisposing to cardioembolic stroke was

found. A similar finding was observed for cases coded as non-cardioembolic stroke

(N:156), (table 5.17).
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Table 5.16
Cardioembolic (CE) Stroke: Univariate Analysis of SNP's Between Controls and

Cases

Genotype
Controls

n (%)
CE Stroke

n (%)
Odds Ratio
(es%cÐ

p

PON 1 -r07Tlc
TT
TC

CC

PON 1M54L
MM
ML
LL
Gp lb IJPA.2alb

aa

ab

bb

Gp IIb/IIIa Pl{llAz
AlAI
AIA2
A2A2
p Fib -148C/T
CC

CT

TT
Prothromb 202l0clA
GG

GA

AA
TPA -7351C/T
CC

CT

TT
PAI-1 5G/4G

5G5G

5G4G

4G4G

Total

6t (20)

200 (66)

40 (13)

36 (r2)
138 (46)

127 (42)

2s6 (8s)

43 (t4)
2 (r)

213 (',l1)

8t (27)

7 (2)

1e0 (63)

102 (34)

e (3)

2e3 (e7)

8 (3)

0 (0)

r37 (46)

136 (4s)

28 (e)

6r (20)

1s8 (s2)

82 (27)

6 (2s)

13 (s4)

s (2t)

4 (t7)
t0 (42)

10 (42)

20 (83)

4 (17)

0 (0)

14 (58)

r0 (42)

0 (0)

21 (88)

3 (13)

0 (0)

24 (to0)
0 (0)

0 (0)

1l (46)

13 (s4)

0 (0)

7 (2e)

e (38)

8 (33)

1.0

0.7 (0.2-1.8)

r.3 (0.4-4.4)

1.0

0.7 (0.2-2.2)

0.7 (0.2-2.4)

1.0

1.2 (0.4-3.7)

1.0

l.e (0.8-4.4)

1.0

0.3 (0.1-1.0)

1.0

1.0

t.2 (0.s-2.8)

1.0

0.s (0.2-1.4)

0.e (0.3-2.s)

0.4

0.7

0.8

0.1

0.05

0.7

0.5

0.6

0.2

0.8

301 (100) 24 (100)
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Table 5.17
Non-Cardioembolic Stroke: Univariate Analysis of SNP's Between Controls and

Cases

Genotype
Non-CE
Stroke
n ("/")

98

Controls
n (%)

Odds Ratio
(9s%ct\ p

PON 1 -lD7TlC
TT
TC

CC

PON 1M54L
MM
ML
LL
Gp lb EIPA2alb
aa

ab

bb

Gp IIb/IIIa Pl{llA2
AlAI
A1A2

A2A2
p Fib -148C/T
CC

CT

TT
Prothromb 202l0clA
GG

GA

AA
TPA -735lC/T
CC

CT

TT
PAI-I 5G/4G

5G5G

5G4G

4G4G

Total

6t (20)

200 (66)

40 (13)

36 (r2)
r38 (46)

127 (42)

2s6 (8s)

43 (t4)
2 (1)

213 (7t)
8t (27)

7 (2)

1e0 (63)

102 (34)

e (3)

2e3 (e7)

8 (3)

0 (0)

r37 (46)

136 (4s)

28 (e)

6t (20)

1s8 (s2)

82 (27)

38 (24)

84 (54)

34 (22)

16 (10)

72 (46)

68 (44)

138 (88)

r8 (12)

0 (0)

t02 (6s)

51 (33)

3 (2)

e3 (60)

ss (3s)

8 (5)

1s0 (e6)

6 (4)

0 (0)

63 (40)

70 (4s)

23 (rs)

3s (22)

82 (s3)

3e (2s)

1.0

0.7 (0.4-1.1)

t.4 (0.7-2.s)

1.0

t.2 (0.6-2.3)

t.2 (0.6-2.3)

1.0

0.8 (0.4-1.4)

1.0

1.3 (0.9-2.0)

0.e (0.2-3.s)

1.0

l.l (0.7-1.7)

1.8 (0.7-4.9)

1.0

l.s (0.s-4.3)

1.0

1.1 (0.7-1.7)

r.8 (1.0-3.3)

1.0

0.e (0.6-1.s)

0.8 (0.5-1.s)

0.1

0.3

0.6

0.6

0.4

0.2

0.9

0.6

0.2

0.7

0.5

0.5

0.6

0.07

3ol (100) 1s6 (100)
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5.9 Gene-Risk Factor Interactions

A total of 56 separate logistic regression models (8 SNP's by 7 risk factors) assessed

whether a genotype effect is more pronounced in the presence of other risk factors'

Interaction variables contained the pathogenic genotype of the relevant SNP

(homozygous state for the polymorphic allele except for prothrombin 20210G/A and

glycoprotein lb HPA 2alb SNP's where the heterozygous state was used) and each of

the ischemic stroke risk factors (as defined in table 5.3). An interaction variable for

each SNP and the presence of multiple risk factors (possession of one to all six risk

factors) was also created. A further 56 logistic regression models evaluated the effect

of interaction between the pathogenic allele of each SNP and the known

cerebrovascular risk factors defined in table 5.3. The p values determined by each

model are presented in table 5.18. A p value of <0.05 occurred for the following

interactions:

p Fibrinogen -148TT genotype and hypercholesterolemia (p:0'001)

p Fibrinogen -148 T allele and hypercholesterolemia (p:0.03)

p Fibrinogen -148C/T and multiple risk factors (p:0'03)

Glycoprotein 1b HPA 2a/b genotype and hypercholesterolemia (p:0.04)

Glycoprotein IIb/IIIa PlLzl A2 genotype and hyperchol esterolemia (p:0. 0 1 )

Glycoprotein IIb/IIIa PlAZlA2 genotype and diabetes (p:0.04)

The number of significant findings (6) is approximately what would be expected by

chance alone, and therefore should be considered with caution' Furthermore, the

corresponding odds ratios associated with these interaction variables were very small

and reflect an inadequate sample size and study power to perform an interaction

analysis. In conclusion, no meaningful gene-environment interaction was observed.
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Table 5.18
Probabitity Values for Gene-Risk Factor Interactions

PON1107C/T PON154M/L GplbIIPA2a/b

Smoking
Genotype 0.1 0.9 0.6

Allele 0.6 0.9 0.3

Hypertension

Genotype 0.5 0'9 0.3

Allele 0.5 0.9 0'5

Hypercholesterolemia

Genotype 0.3 0.8 0.04

Allele 0.9 0.8 0.07

Diabetes

Genotype 0.3 0.1 0.3

Allele 0.9 1.0 0.2

Family History
Genotype 0.8 0'4 0.6

Allele 0.5 0.6 0.7

Atrial Fibrilation
Genotype 0.05 0.5 0'9

Allele 0.2 0.2 0.8

Multiple Risk Factors

Genotype 0.2 0.3 0.6

Allele 0.6 0.3 0.6

GpPlAliA2

1.0

0.9

0:2

0.3

0.04

0:2

0.01

0.06

1.0

0.9

0.06

0.8

0.2

0.1
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Table 5.18
Probability Values for Gene-Risk Factor Interactions (cont')

PFib-148C/T Pro.202104 TPA -7351ClT

Smoking

Genotype 0.3 - 0'1

Allele 0.1 - 0'4

Hypertension

Genotype 0.3 0.6 0'9

Allele 0.1 0.6 0'9

Hypercholesterolemia

Genotype 0.001 0.8 0'5

Allele 0.03 0'8 0'6

Diabetes

Genotype 0.05 0.5 0'2

Allele 0.4 0'5 0'07

Family History
Genotype 0.3 0'07 0'3

Allele 0.2 0.1 0'2

Atrial Fibrillation
Genotype 0.5 - 0'09

Allele 0.6 - 0'2

Multiple Risk Factors

Genotype 0'03 0.3 l '0

Allele 0'2 0-4 0'7

PAI5G/4G

0.2

0.1

0.4

0.2

0.9

0.7

0.9

0.8

0.9

1.0

0.6

0.5

1.0

1.0

5.10 Gene-Gene Interactions

As a significant association between the TPA -7351TT genotype and ischemic stroke

was shown previously, logistic regression was used to assess whether this risk was

more pronounced in the presence of any one of the other SNP's' The results from 7

logistic regression models each containing the TPA -7351 TT genotype are presented

in table 5.19. The effect of interaction between the TPA -:7351TT genotype and the

glycoprotein IIb/IIIa Pl A2AZ and B Fibrinogen -148 TT genotypes could not be

determined, as this haplotype combination did not occur in our study sample' No

significant interaction with the TPA -7351 TT genotype \¡/as observed. Importantly,
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the interaction with the PAI 5Gl4G, a SNP also influencing fibrinolysis, was not

statistically significant (OR 1. 1, 95%CI 0.2-5.3).

Table 5.19
Probability Values for Gene-Gene Interactions

Genotype oR (gs%cr) p

PON1 _IO7 CC
TPA _7351 TT
Interaction (CC/TT)

PON1 54LL
TPA _7351 TT
Interaction (LLITT)

Gp lb IIPA2 ab
TPA _7351 TT
Interaction (ablTT)

Gp lIblIIIa Pl A2A2
TPA -735I TT
Interaction (A2AZITT)

p F''ib -148 TT
TPA _735I TT
Interaction (TT/TT)

Prothrombin 20210 GA
TPA -7351 TT
Interaction (GA/TT)

PAI4G4G
TPA -7351 TT
Interaction (4G4GITT)

r.7 (1.0-2.9)
1.6 (0.8-3.2)
1.1 (0.3-4.7)

0.8 (0.s-1.3)
t.r (0.s-2.7)

2.8 (0.8-10.7)

0.7 (0.4-1.4)
1.7 (0.9-3.3)
1.0 (0.2-s.6)

0.7 (0.2-3.0)
t .4 (0 .7 -2.7)

s.7 (0.3-114.0)

0.e (0.5-1.4)
1.7 (0.e-3.s)
1.1 (0.2-s.3)

0.07
0.2

0.9

0.3

0.8
0.1

0.3

0.1

1.0

0.6
0.4

0.3

0.6
0.1

0.9

s.lL Results SummarY

This study population consisted of 182 acute ischemic stroke patients and 301 age and

gender-matched community controls. There was no significant difference between the

two groups in terms of demographic factors, a family history of stroke or use of stroke

preventing medication. Atrial fibrillation, smoking and diabetes mellitus were shown
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to be independent risk factors for ischemic stroke. Although a protective effect for

ischemic stroke was apparent for hypertension and hypercholesterolemia, this was

reversed when a history alone for these risk factors was considered.

In a univariate analysis, an association between ischemic stroke and each of the SNP's

was not apparent. However, after adjustment for known cerebrovascular risk factors,

the TPA -735lTT genotype was significantly associated with ischemic stroke (OR 1.9

95%CI1.0-3.6, p:0.0a9). This association persisted at a l0% significance level when

all potential confounding influences were considered. Stratification for stroke subtype

showed a significant association with lacunar but not non-lacunar stroke (adjusted OR

2.6 gs%CI 11l-6.4, p:0.0a). The corresponding attributable risk of lacunar stroke

associated with the TPA -7351 TT genotype '\¡/as 13% (2%-17%). Although no

statistical association was observed for the PONI -l07CC genotype and ischemic

stroke on univariate or multivariate analysis (adjustment for both important and all

potential confounders), stratification for stroke sub-type showed a 2.4-fold increased

risk of lacunar stroke. The 95o/o confidence intervals were, however, wide and

approached unity. No other signifrcant association was observed for the entire stroke

cohort or following stratification for stroke subtype or source of occluding thrombus.

Similarly, analysis for gene-risk factor and gene-gene interactions did not reveal any

significant findings beyond that expected by chance alone.
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Chapter 6

Discussion

6.1 Introduction

This chapter will approach the study findings in two ways. First, the results will be

interpreted from a functional perspective, whereby a biologically plausible explanation

for a genetic association with ischemic stroke (or lack of will be addressed. This

approach will endeavour to incorporate the current study fìndings with data from

previous laboratory and epidemiological studies.

Second, the results of this study will be interpreted from an epidemiological and

statistical perspective. In this section, the discussion will focus on the study design,

with the significance of both positive and negative associations being addressed

following consideration of the study limitations that were encountered.

6.2 TPA -7351ClT Sl{P and Ischemic Stroke

In this study, a novel association between the TPA -7351 SNP and ischemic stroke

was shown. \ühen the entire stroke cohort was considered, the risk of ischemic stroke

associated with the homozygous genotype (TT) nearly doubled. A gene-dose effect for

the T allele was also apparent, with a higher prevalence of the heterozygous genotype

(CT) in the stroke subgroup. However, this was not statistically significant. In a

subgroup analysis stratified for stroke subtype, a 2.7-fold increased risk of lacunar

stroke was observed. This finding corresponded to an attributable risk of l3%u ln

contrast, no association between the TPA -7351 SNP and ischemic stroke of large

vessel or cardioembolic aetiology was observed. The findings suggest that impaired

fibrinolysis may play an important role in the pathogenesis of lacunar stroke.
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Although the pathogenesis of lacunar stroke remains controversial (Millikan and

Futrell, 1990), two distinct small vessel pathologies underlie most cases: lipohyalinosis

and micro-atheroma (Fisher, lgTg). This constituted the 'Lacunar Hypothesis' that has

been subsequently validated. In a prospective study of the Northern Manhattan Stroke

cohort, lipohyalinosis or micro-atheroma were the most common causes of lacunar

stroke, with cardio-embolism and other rare aetiologies accounting for only 5% and

2vo respectively (Gan et al., l9g7). Both small vessel lipohyalinosis and micro-

atheroma lead to slow luminal narrowing causing hemodynamic compromise that may

initially present with the Capsular Warning Syndrome (Donnan et al', 1993)'

Subsequent lacunar infarction occurs following non-thrombotic obliteration of

diseased small vessels or from occlusive thrombus (Fisher, 1979).

The acute release of TPA by vascular endothelium is compromised by atherosclerosis,

with the reduction being proportional to the degree of atherosclerotic burden (Newby

et al., lggg). Therefore, factors that further diminish fibrinolytic potential may be

critical in predisposing to thrombotic occlusion. The results of this study are in keeping

with this hypothesis, that in the presence of small vessel disease, possession of the

TpA -735lTT genotype significantly increases the risk of thrombotic occlusion and

presentation with lacunar stroke.

The findings also support the hypothesis that factors influencing fibrinolysis may play

a more important role in the pathogenesis of lacunar stroke than in ischemic stroke

associated with large vessel disease. This is further supported by a functional study of

fibrinolytic potential in patients with ischemic stroke (Kilpatrick et a|.,1993).In this

study, the euglobulin lysis time, a measure of fibrinolytic activity, was impaired in a

larger proportion of patients with lacunar stroke compared to those with cortical

infarction secondary to large vessel disease (67o/o vs 20%). Furthermore, thrombin

activity, as determined by plasma fibrinopeptide A levels, was increased in patients

with lacunar stroke, suggesting that the pathogenesis of small vessel occlusion

involves an interaction of pro-thrombotic and hypo-fibrinolytic forces favouring

thrombus formation

105
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Immunohistochemical studies of primate and rat brains provide further evidence

supporting the importance of fibrinolysis in small vessel disease (Levin and del Zoppo,

1994, Schreiber et a\.,1998). Under normal circumstances, in rat and primate brains,

TPA expression is limited to the endothelial cells of pre-capillary arterioles and post-

capillary venules, with no expression by the endothelium of large arteries. The former

observation suggests that these vessels rely on a continuous release of TPA to maintain

vascular patency and may be particularly vulnerable to thrombotic occlusion by factors

that impair fibrinolytic potential. To date, the equivalent histological study in human

brain has not been reported.

Recent studies have shown that cigarette smoking significantly reduces the acute

release of TPA by vascular endothelium (Newby et a\.,1999). Although the molecular

mechanisms remain unclear, the association has been implicated in the pathogenesis of

coronary artery disease and would explain why TPA thrombolytic therapy for

myocardial infarction is more effective in smokers (Newby et al.,1999). In the current

study, an objective measurement of acute TPA release was not performed, therefore,

the relative impact of smoking and the TPA -7351ClT SNP could not be determined.

Cigarette smoking, however, did not confound the risk of ischemic stroke associated

with the TPA -7351ClT SNP and no interaction with the TPA -7351TT genotype was

observed.

The findings are consistent with those of a recent study showing an increased risk of

ischemic stroke associated with the D allele of the TPA Alu-repeat insertion/deletion

SNP (Austinet a\.,2002). This study, however, did not stratif, for stroke subtype and

was performed on a younger stroke population. The TPA Alu-repeat insertion/deletion

SNp is in tight linkage disequilibrium with the TPA -735lClT SNP, with a pairwise

maximum likelihood of linkage disequilibrium estimate of 0.71 (Ladenvall et al.,

2000). Functional significance, however, is greatest for the TPA -735lClT

polymorphism which accounts for 18% of the phenotypic variance in TPA release

rates, a finding that is almost double that associated with the 'l'PA Alu-repeat

insertion/deletion polymorphism (10%) (Ladenvall et a\.,2001). It is therefore possible

that the positive association observed between the TPA Alu-repeat insertion/deletion

Adelaide Genetic Stroke Study Jim Jannes



TPA -7351 C/T SNP and Ischemic Stroke 107

polymorphism and ischemic stroke occurred through linkage with the functional TPA

-7351ClT locus

Functional significance for the TPA -7351ClT SNP has also been shown at a

molecular level. The rate-limiting step governing the transcription of the TPA gene

occurs at the initiation of transcription. This process involves the assembly of a pre-

initiation complex, of which transcription factor IID (TFIID) is an important

constituent (Kooistra et al., lg94). For many genes, TFIID complex binds directly to

DNA via a 'TATA box' that is located adjacent to the transcription starl site.

Following DNA binding, the TFIID complex then interacts with RNA polymerase II

allowing the commencement of DNA transcription. For TPA however, TFIID

complexes with another transcription factor, Spl, which then binds to DNA at a region

rich in guanine and cytosine, known as the GC-box I (Kooistra et al., 1994)' The

functional significance of the TPA -7351 C/T SNP occurs because it is located within

this GC-box. Possession of the T allele at position -7351 results in a reduced binding

affinity for Spl, which has a dominant effect on TPA release rate. Consequently, both

CT and TT genotypes result in significantly less DNA transcription corresponding to

less than half the TPA release rate than that observed with the CC genotype (Ladenvall

et a1.,2000).

High plasma TPA levels have been associated with ischemic stroke in both cross-

sectional (Johansson et a\.,2000, Kain ef al.,2007,Margaglione et al.,1994,Lindgten

et al., lgg1,Kristensen et a\.,7999, Macko et at., 1999) and prospective cohort studies

(Ridker, 1994, Smith et a\.,199S). This contrasts with the findings of this study of an

association between low endothelial TPA release rates and ischemic stroke. There are

two possible explanations for the difference. Firstly, TPA secretion by vascular

endothelium occurs via two pathways: regulated and constitutional secretion (Kooistra

eÍ al.,lgg4).In regulated secretion, newly synthesized TPA is stored in intracellular

storage granules and is rapidly released only under stimulated conditions, such as

exposure to thrombin (Kooistra et al., 1994:).The rapid release of TPA provides a

means of achieving a high intraluminal TPA concentration that is critical for successful

local fibrinolysis.
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In constitutive secretion, TPA is continuously produced by the Golgi apparatus and

transported to the cell surface via specific transport vesicles. The process provides a

low-grade secretion of TPA in amounts insufficient to mediate fibrinolysis' This

pathway, hoyever, is the primary determinant of plasma TPA levels (Kooistra et al.,

1994).Importantly, basal TPA secretion is higher in atherosclerotic arteries than in

normal blood vessels (Underwood and De Bono, 1993). Therefore, higher systemic

TPA levels may reflect a higher 'atherosclerotic burden' and co-exist with factors that

impair local TPA release. This is further illustrated in a recent case-control study

investigating the relevance of the TPA-73 5lClT SNP in patients with myocardial

infarction (Ladenvall et a\.,2002). Although there was no signifìcant difference in the

plasma level of TPA between cases and controls stratif,red for TPA-7351C/T genotype,

the greatest risk of myocardial infarction was observed in those with both the T allele

(decreased TPA activity) and a high plasma TPA level (high atherosclerotic burden),

implicating that both these variables had independent prognostic significance.

Alternatively, this discrepancy can be explained by the kinetics and metabolism of

TPA. Once released into the blood stream, TPA is very rapidly inactivated by PAI-I

and circulates in the blood in this complex form. As the hepatic clearance of TPA/PAI-

1 complex occurs at a much slower rate than that of free TPA, the total TPA level is

largely determined by the plasma level of PAI' In the above-mentioned

epidemiological studies, TPA was measured in the form bound to PAI-1, therefore, the

higher TPA levels associated with ischemic stroke may reflect high PAI-1 levels rather

than higher rates of TPA secretion.

In the current study, patients with hypertensive-type intracerebral haemorrhage were

not investigated. However, the finding of a genetic predisposition for lacunar stroke

may have important implications for the former stroke subtype. Both lacunar stroke

and hypertensive-type intracerebral haemorrhage share the same vascular pathology,

namely fibrinoid necrosis and lipohyalinosis (Masuda et al., l9S3). What determines

the clinical phenotype of this vascular pathology is unknown, as both are associated

with similar cerebrovascular risk factor profiles. The results of the current study

suggest that the TPA-7351C/T SNP may be an important determinant of the
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phenotypic expression of lipohyalinosis, with possession of the TT genotype favouring

thrombosis and presentation with lacunar infarction. 'Whether the TPA-7351CC

genotype, which coresponds to higher TPA release rates, predisposes to subcortical

intracerebral haemorrhage in the presence of lipohyalinosis, in unknown and warrants

further investigation.

6.3 PAI-I 5G/4G Sl{P and Ischemic Stroke

In this study, an association between the PAI-I 5Gl4G SNP and ischemic stroke was

not apparent. The lack of association persisted following stratification for stroke

subtype and thrombotic source. Importantly, as PAI-1 is the primary inhibitor of TPA,

the risk of ischemic stroke was not significantly increased in those with both the PAI-l

4Gl4G and TPA-7351 TT genotypes. The results suggest that the PAI-I 5G/4G SNP

does not play an important role in the pathogenesis of ischemic stroke.

This finding is not in keeping with the strong evidence showing that the PAI-l 5Gl4G

SNp plays an important role in the regulation of PAI-1 transcription and plasma levels

(Eriksson et a1.,1995). The SNP is located within the promotor region of the PAI-I

gene, with both alleles contributing to DNA binding sites capable of binding to

transcriptional activators. The PAI-l 5G allele, however, additionally binds a

transcriptional repressor (Eriksson et al., 1995). Consequently, the extent of PAI-I

transcription depends on the number of 4G alleles present, with the PAI-I 4Gl4G

genotype associated with a 6-fold increase in PAI-1 mRNA expression (Dawson et al.,

1993) and a doubling of PAI-1 activity compared to its wild-type counterpart (5G/5G)

(Eriksson et al., 1995). Therefore, the possession of the PAI-I 4Gl4G genotype

(corresponding to higher PAI-1 expression) would be expected to augment the

inhibition of TPA and predispose to ischemic stroke, a hypothesis that did not hold

true in this study.

The lack of association between ischemic stroke and the PAI-I 5Gl4G SNP may be

explained by the contrasting effects of PAI-1 mediated TPA inhibition on fibrinolysis

and atherosclerotic plaque stability. The initiation of atherosclerotic plaque rupture is

well described and involves the degradation of the plaque's fibrous cap, a process
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mediated primarily by activated metalloproteinases (MMP's) (Shah et al., 1995)'

MMP's are activated by plasmin, which is itself generated from the activation of

plasminogen by unbound, active TPA. An increase in PAI-l activity associated with

possession of the PAI-l 4G allele may therefore limit TPA activation and ultimately

reduce MMP mediated fibrous cap degradation (Roest et a|.,2000). In keeping with

this hypothesis, two epidemiological studies have found a protective effect for

ischemic stroke associated with the PAI-l 4G allele (Endler et a\.,2000, Roest et al.,

2000). In the largest of these involving 12,239 women aged 52 to 67 years, who were

followed for up to l8 years, the relative risk of death caused by stroke associated with

the PAI-I 4Gl4G genotype was 0.4 (95%Cl 0.2-0.7) (Roest et aL.,2000)' The study,

however, did not routinely perform brain neuro-imaging and therefore the relevance of

this fìnding to either ischemic or haemorrhagic stroke could not be determined. In the

current study, the pro-thrombotic influence of the PAI-4G allele may have been offset

by its stabilising effect on atherosclerotic plaque, resulting in a negative association

between PAI-l 5G/4G genotype and ischemic stroke.

Although the plasma level of PAI is signifìcantly influenced by the PAI-l 5G/4G SNP

(Dawson et al., 1993), other factors including age, gender, lipid profile, body mass

index, smoking and alcohol consumption have also been shown to be important

determinants (Margaglione et al., 1998).In the current study, atrial fibrillation and

diastolic blood pressure were the only important confounders determined on bivariate

analysis. There was no apparent confounding effect due to age, gender, smoking or

plasma cholesterol level (see section 5.4). Plasma PAI levels, body mass index and an

estimation of alcohol consumption, however, were not determined thus an adjustment

for these possible confounding influences could not be performed. It therefore remains

possible that a type 2 error may have occured.

6,4 PON1 SNP's and Ischemic Stroke

Human serum PONl is a calcium dependent esterase that hydrolyses

organophosphates such as paraoxon, sarin and phenyl acetate (Aviram et a1.,1998).

The virtual absence of this enzyme in insects and relative deficiency in birds and fish is

responsible for the susceptibility to pesticides seen in these animals (Mackness and
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Durrington, 1995). In humans, PONI has also been implicated in the maintenance of

arterial wall integrity by hydrolysing biologically active lipids in LDL before they

accumulate and form atherogenic LDL particles (Watson et aL.,1995). The regulation

of paroxonase gene expression is mostly influenced by the PONI -107T/C SNP

(Leviev and James, 2000, Brophy et al., 2001)' The SNP occurs within promoter

region of the PONl gene and forms a binding site for the transcriptional activator, Sp1.

possession of the T allele causes a lower affinity for Spl binding corresponding to less

transcriptional activation. Consequently, both the PON mass concentration and

enzymatic activity are approximately half of that associated with the C allele.

Therefore, the PONI -l07CC genotype, which is associated with a higher PON1

activity, should theoretically protect against ischemic stroke.

In contrast, the present study found a 2.4-fold increase in risk of lacunar stroke

associated with the PoNl -l07cc genotype (oR 2.4, 95o/ocl 1.01-5'9, p:0.048). A

plausible explanation for this contradiction can be extrapolated from studies of the

pONl 54 ¡¿IL SNP, a SNP that is in strong linkage disequilibrium with the PON1 -

1O7CIT SNP (Brophy et a1.,2001). Although the PONI 54LL and -l07CC genotypes

(genotypes which are in strong linkage disequilibrium with each other) are associated

with the highest level of PONI expression and paraoxon hydrolytic activity (Brophy er

a1.,2001), they in contrast, provide the least protection to LDL against oxidative

modification (Mackness et a\.,199S). The underlying mechanism causing this inverse

relationship is poorly understood but research suggests that the mechanism providing

protection against LDL oxidative modification is independent of that associated with

paraoxon hydrolysis. Alternatively, the higher enzymatic activity and mass

concentration associated with the PON1 54LL and -107CC genotypes may lead to the

overproduction of toxic moieties that may facilitate LDL oxidation. In keeping with

this hypothesis, paraoxonase has been implicated in the production of harmful

lysolipids (eg lysophosphatidylcholine - lysolethecine), which have been shown to

facilitate the oxidative modification of LDL (Mackness and Durrington, 1995).

Furthermore, in an immunohistochemical study of atherosclerotic arteries' PON1

immunoreactivity was prominent in atherosclerotic lesions, with the intensity

corresponding to the degree of disease severity (Mackness et al.,1997).
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In contrast to that observed with lacunar stroke, an association between the PON1 -

107CC genotype and ischemic stroke caused by large vessel occlusion was not

apparent. This finding suggests that PON1 may have specific relevance to the

pathogenesis of small vessel disease. In keeping with this hypothesis, the PONl 54 LL

genotype (which is in linkage disequilibrium with the PONI -107CC genotype) has

been associated with the progression of subcortical cerebral white matter lesions

(Schmidt et al., 2000) and diabetic retinopathy (Kao et al., 1998)' The reason

underlying the predilection for small vessel disease is unclear. A plausible reason is

that pONl may predispose to both microatheroma and lipohyalinosis, thus exerting a

stronger effect on the small-vessel-disease-related phenotypes. To date, the molecular

pathophysiology of lipohyalinosis is unkno\ryn, however, vascular endothelial

dysfunction causing disruption of the blood-brain barrier and leakage of toxic

substances into the surrounding neural tissue has been hypothesized recently (Wardlaw

et a1.,2003). Although this challenges the traditional notion of vascular occlusion by

thrombus or hemodynamic compromise, common to both hypotheses is endothelial

dysfunction. As PON1 is an important molecule regulating oxidative modification of

small vessel endothelium, the finding of an association between a genetic determinant

of pONl gene expression and lacunar stroke is in keeping with the hypothesis of

underlying endothelial dysfunction.

In the curent study, no association was observed between PON1 54 MIL SNP and

ischemic stroke. The lack of association persisted following stratification for stroke

subtype and aetiology. This finding is consistent with the known genetic influences on

PONI transcription, with the greatest functional significance attributed to the PONI

l}ZTlC SNP, which accounts lor 22.8%o of the variability of PONI activity' The

corresponding value for the PONI 54MlL SNP is 5% (Brophy et a1.,2001)' Therefore,

it is likely that the previously reported association between the PON1 54MlL SNP and

small vessel cerebrovascular disease occurs through linkage with the more functionally

significant pONl -l}7TlC SNP. In keeping'with this hypothesis, the PONI 54MlL and

l07TlC SNP's have been shown to be in significant linkage disequilibrium (Brophy el

al., 2001). Although hypertension is strongly associated with the pathogenesis of

lipohyalinosis and lacunar stroke, no interaction between this and the PON1 SNP's

-'-(
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was observed. Furthermore, in those with the pro-thrombotic PONl -l07CC genotype,

the risk of ischemic stroke was not further increased in the presence of the TPA -
735lTT genotype. The lack of interaction however should be interpreted with caution,

as the absolute number of stroke cases in each subgroup was small (PONI -l07CC:

n:40, TPA -735lTT: n:28).

6.5 p Fibrinogen -l4$ClT SNP and Ischemic Stroke

Hyperfibrinogenemia is an established risk factor for ischemic stroke (Qizilbashet al.,

1991, Resch et al., 7992, Wu et al., 1992, Kofoed et al., 2003). Although the

predominant mechanism of action is unknown, fibrinogen has been shown to influence

mural clot susceptibility to fibrinolytic factors and promote atherosclerosis (Koenig,

2003). To date, eleven SNP's on the p fibrinogen gene have been identified' The

greatest functional significance has been shown for the -l49ClT SNP, which is located

in the 5' promoter region of the p fibrinogen gene (Behague et aL.,1996).

In this study, the fibrinogen -148C/T SNP was not associated with an increased risk of

ischemic stroke. This also held following stratification for stroke subtype, aetiology

and assessment for gene-gene and gene-environment interactions. The most likely

conclusion is that the p fibrinogen -148C/T SNP does not play an important role in the

pathogenesis of ischemic stroke, a fìnding that is in keeping with that of the

Physician's Health Study (Blake et aL.,2001).

The lack of association between ischemic stroke and the B fibrinogen -148C/T SNP

contradicts its strong association with hyperfibrinogenemia. There are several possible

reasons for this discrepancy. First, fibrinogen may be acting as a marker of some other

process, such as inflammation, that arises secondary to ischemic stroke. In keeping

with this suggestion, fibrinogen has been shown to be an acute phase reactant, with a

significant rise in plasma level following infection, injury and trauma (Fey and Fuller,

1987). Alternatively, fibrinogen may play arole in the pathogenesis of ischemic stroke,

but the effect of the fibrinogen -148C/T SNP is small when compared to other

modifiers of plasma fibrinogen levels. Consequently, the minor changes in plasma

fibrinogen levels attributed to the p f,rbrinogen -148C/T SNP are insufficient to
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influence the clinical outcome. This hypothesis is consistent with the findings of the

physician's Health Study, that showed a lack of association between the B f,rbrinogen -

l48C/T SNP and ischemic stroke even though the plasma fibrinogen levels were

significantly correlated with the B fibrinogen -l4$clT SNP genotype. Further support

to this hypothesis is provided by Humphries et al., who concluded that genetic

variation at the fibrinogen gene locus accounted for only l5%o of the phenotypic

variance of plasma fibrinogen levels. Other factors implicated in the determination of

plasma fibrinogen levels include acute physiological stress, diabetes, increasing age,

obesity and smoking (Humphries et a\.,19S7). In the current study, fibrinogen levels

were not determined and therefore the effect of the fibrinogen -148C/T SNP amongst

the study participants is unknown.

Gene-environment interactions provided a third explanation for the discrepancy

between the risk of ischemic stroke associated with fibrinogen and the p fibrinogen -

l4BClT SNP. Under this scenario, the effect of the p fibrinogen -l4$ClT SNP on both

plasma fibrinogen levels and clinical phenotype becomes apparent only in the presence

of some other factor. This phenomenon was illustrated by the ECTIM Study, a

prospective case-control study of 565 patients with myocardial infarction and 668

controls (Behague et al., 1996).In their population, a positive correlation between

plasma fibrinogen level and the B fibrinogen -148C/T genotype was limited to those

who smoked cigarettes. Cigarette smoking stimulates hepatic interleukin 6 synthesis

(Thomas et al., l99l), which inturn promotes fibrinogen transcription via an

interleukin 6 responsive element in the promoter region of the fibrinogen gene' The B

fibrinogen -l41ClT SNP is located immediately adjacent to this region and plays an

important role in the mediating the effect of interleukin 6 (Behagte et al', 1996). This

provides a mechanism linking cigarette smoking with atherosclerosis and offers an

explanation for the smoking/B fibrinogen -148TT genotype interaction on plasma

fibrinogen levels. In the current study, hbrinogen levels were not determined and

therefore this interaction could not be evaluated. However, no interaction between the

B fibrinogen -148TT genotype and smoking on the risk of ischemic stroke was

observed, a finding that should be interpreted with caution as the number of patients

with the p fibrinogen -148TT genotype was small (n:8).
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6.6 Prothrombin202l0G/A SNP and Ischemic stroke

Prothrombin, or coagulation factor II, is a vitamin K-dependent zymogen that forms

the precursor of thrombin. upon activation by the coagulation pathway, prothrombin is

converted to thrombin, which has a central role in the conversion of fibrinogen to

fibrin. It is therefore reasonable to consider any factor that increases prothrombin

activity to predispose to an augmented haemostatic response and ischemic stroke' In

1996, Poort et al. sequenced the coding and flanking regions of the prothrombin gene

and found a G to A polymorphism at position 20210 which resulted in a30o/o increase

in the plasma level of prothrombin (Poort et al., 1996). The SNP lies within the 3'

untranslated region of the gene and is thought to influence prothrombin levels by

enhancing mRNA stability during protein translation. The same investigators showed

that this SNP was an independent risk factor for venous thrombosis' In a group of 471

unselected patients presenting with their first, objectively confìrmed, deep vein

thrombosis, the prevalence of the prothrombin 20210 A allele was 6'2%o, compared

with2.3yo in 474 age and gender matched controls, conferring a near 3-fold increase in

risk of venous thrombosis (OR 2.8,95yoc11.4-5.6) (Poort et aL.,1996).

The relevance of the prothrombin 202l0clA SNP to arterial disease and in particular,

to ischemic stroke remains controversial, with conflicting data existing' Of the

negative studies, the US Physicians Health Study is the largest, consisting of 259

incident stroke cases and 1774 age and smoking-status matched controls. The study,

however, has been criticized (Andreotti et a\.,2000), as it did not show an increase in

risk of venous thrombosis, a finding that was convincingly shown in the original study

by Poort et al. (Poort et al., 1996).In the current study, the prothrombin 20210G/A

SNp was not associated with an increased risk of ischemic stroke. The lack of

association persisted following stratification of stroke subtype and aetiology.

Furthermore, no signifrcant interaction with the known cerebrovascular risk factors

was observed. This is in keeping with the findings of seven other studies that have

concluded that the prothrombin 202l0clA SNP does not play an important role in the

pathogenesis of acute ischemic stroke.
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The lack of association between the prothrombin 20210G/A SNP and ischemic stroke

does not necessarily imply that plasma prothrombin activity does not play an important

part in the pathogenesis of ischemic stroke. This is well illustrated by a recent study

amongst 49 patients with a transient ischemic altack (TIA) or ischemic stroke and 87

asymptomatic blood donors (Gomez-Garcia et at.,2002).In this study, the prevalence

of the prothrombin 202l0GlA SNP was not statistically different between the two

groups (OR 2.3, g5o/o CI 0.6-0.3). However, after exclusion of those with the

prothrombin variant, a signifrcantly higher prothrombin activity was observed in the

TlA/stroke group (1.11 U/ml vs 0.97 U/ml, p:0.0003). Furthermore, a 3'2-fold

increase in risk of cerebral ischemia was associated with a prothrombin activity of

greater than 1.10 U/ml (Gomez-Gatcia et at.,2002). The findings suggest that

prothrombin does play an important role in the pathogenesis of ischemic stroke and

that factors other than the prothrombin 20210G/A SNP may be important in

determining prothrombin activity.

One important difference between the current study and others (Longstreth et al., 1998,

De Stefano et a1.,1998), is the age of the stroke patients studied. In the latter, stroke

patients were less that 50 years of age and without known cerebrovascular risk factors

such including diabetes, hypertension and hyperlipidemia. Why the risk of ischemic

stroke associated with the prothrombin 20210G1A SNP is limited to young stroke

patients of cryptogenic aetiology and not to an older stroke population, is not well

understood. One possible explanation is the higher incidence of paradoxical embolism

in the former subgroup. Atrial septal defects including a patenl foramen ovale and

atrial septal aneurysms are common in cases of young cryptogenic ischemic stroke

(Mas el al., 2001). These structural abnormalities permit the passage of venous

thrombi from the right to left atrium and subsequent embolic occlusion of distal

intracerebral vessels. Therefore, in this subgroup, factors that promote venous

thrombosis can also be considered risk factors for ischemic stroke' In keeping with this

hypothesis, the relevance of the prothrombin 202l0clA SNP in this setting has been

shown recently (Lichy et a1.,2003). In a study involving 220young ischemic stroke

patients associated with a patent foramen ovale and 362 healthy controls'

heterozygosity forthe prothrombin 20210A allele conferred a 3.7-fold increase in risk
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of ischemic stroke (OR 3.66, g5%Cl 1.25-10.75, p:0.01). By contrast, there was no

significant difference in the prevalence of the prothrombin 202l0clA SNP between

healthy controls and a second cohort of 196 ischemic stroke patients, none of whom

had an atrial septal abnormality (OR I .5,gsyocl0.42-5.41, p:0.5) (Lichy et aL.,2003)'

This suggests that the prothrombin 20210G/A SNP mediates its effect through an

increased predisposition for venous rather than arterial thrombosis, with subsequent

cerebral embolization occurring in the setting of an atrial septal defect.

6.7 Platelet Glycoprotein sNP's and Ischemic stroke

Whilst platelet aggregation plays a central role in normal haemostasis, an exaggerated

response has been implicated in pathogenesis of acute thrombosis causing ischemic

stroke (Uchiyama et al., 1983, Uchiyama et al.,1994). Platelet aggregation is initiated

following a breech of vascular endothelium, which permits the binding of platelet

glycoprotein 1b/IX/V complex to sub-endothelial tissues. A cascade of intracellular

events then follows, resulting in platelet activation and cross-linking of platelets via

fibrinogen bound to platelet glycoprotein IIb/IIIa (Berndt et al., 1995). Platelet

aggregation can be stimulated in vitro by various agonists including adenosine

diphosphate (ADP), adrenaline, collagen and thrombin. Other important determinants

of increased platelet aggregation include increasing age, elevated cholesterol levels'

presence of diabetes or hypertension, cigarette smoking, consumption of a high fat diet

and excessive alcohol (O'Donnell et a\.,2001). The significance of these influences

was recently determined in a study of the Framingham cohoft (O'Donnell et al',2001).

In this study, platelet function was compared between sibling and spouse pairs and

determined by measuring the threshold concentration of adrenalin and ADP required to

produce a platelet aggregation response. The study found that genetic factors had the

greatest influence on platelet function, accounting for 30 percent of the variability of

platelet aggregation, whilst the environmental factors listed above accounted for

percent of the variability (O'Donnell et al., 2001). To date' the specific genes

mediating this effect are unknown.

The current study did not demonstrate a significant association between ischemic

stroke and the glycoprotein IIb/IIIa PlAIlA2 SNP. The lack of association persisted
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following stratification for stroke subtype or aetiology. The results of this study

support the negative findings made in five previous studies (Carlsson et a1.,7997,

Ridker et al., 1997, Kekomaki et al., 1999, Reiner et a1.,2000, van Goor et a1.,2002)

and disagree with four others that showed a positive association (Carter et aL.,1998,

Wagner et al., 1998, Pongracz et a1.,2001, Streifler et a1.,2001). In the largest of

these, involving 504 stroke patients and 402 controls, a positive association was

limited to a subgroup of non-smokers (OR 2.37,95yoCI 1.19-4.74) and in those less

than 50 years of age (OR 7.68, gsyocl I .00-2.82) (Carter et al., 1998). When the entire

cohort of stroke patients and controls \ryas included in the analysis, no statistically

significant association between the glycoprotein IIb/IIIaP1A1lA2 SNP and ischemic

stroke was observed. The reason why a greater risk of ischemic stroke was apparent in

non-smokers remains unclear, however the authors suggest that the greater risk of

ischemic stroke associated with smoking may have "masked" the effect of the

Glycoprotein IIb/IIIa Pl/^llA2 SNP. An alternative explanation is that a spurious

association was made (type 1 error). In the current study, the risk of ischemic stroke

associated with the glycoprotein IIb/IIIa PlAl/42 SNP was not influenced by smoking

status on bivariate analysis. Furthermore, no interaction between the glycoprotein

IIb/IIIa Pl|llA2 SNP and smoking was observed. The findings of the current study

suggest that the glycoprotein IIb/IIIa PlAllA2 SNP does not play an important role in

the pathogenesis of acute thrombosis and ischemic stroke. This is further supported by

the platelet aggregation study performed on the Framingham cohort (O'Donnell et al.,

2001). Despite genetic factors accounting for 30 percent of the variability of platelet

aggregation, the glycoprotein IIb/IIIa PlAllAZ SNP contributed less than I percent to

the overall variance.

In the current study, the glycoprotein lb HPA2a/b SNP was not associated with

ischemic stroke. This was also true following stratification for stroke subtype and

aetiology. Furthermore, no interactions between the known cerebrovascular risk factors

and the glycoprotein lb HPAZalb SNP was observed. Glycoprotein lb plays an

important role in the initial adhesion of platelets to exposed subendothelial tissues

(Berndt et al., 1995). The process acts as a "platelet brake" that slows down the

circulating platelet and allows for other critical binding interactions to occur.
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Glycoprotein I b also mediates platelet activation and thrombosis that is precipitated by

high shear stress conditions, such as those that are encountered across high-grade

arterial stenoses (Douglas et a1.,2000). Whether the glycoprotein lb HPA2a/b SNP

predisposes to acute thrombosis and ischemic stroke in this specific setting is uncertain

and could not be demonstrated by this study, as vascular imaging was not performed.

The functional relevance of the glycoprotein lb HPA2alb SNP in a general stroke

population, however, has been recently determined (Meiklejohn et a|.,2001). In this

study involving 77 patients with ischemic stroke and a similar number of controls

matched for age and gender, platelet P-selectin and fibrinogen binding were used as

markers of platelet activation and compared between cases and controls stratified for

glycoprotein 1b HPA2alb SNP genotype. The study found that although platelet

activation was strongly associated with ischemic stroke (p<0'001), it remained

independent of glycoprotein 1b IHPA2alb SNP genotype. This supports the findings of

the current study that the glycoprotein lb HPA2alb SNP does not play an important

role in the pathogenesis of ischemic stroke.

6.8 Study Limitations

The potential limitations of this study warrant consideration. Most importantly, the

study sample size was considerably smaller than that anticipated during the planning

phase of the study. This limited the statistical power to detect an association between

the pathogenic genotypes and ischemic stroke. The lack of statistical power was

particularly illustrated when all potential confounding influences \ryere incorporated

into a multivariate model for the TPA -7351 SNP. Although a statistically significant

association between the TPA -735lTT genotype and ischemic stroke was observed

when the "important" cerebrovascular risk factors were considered in the multivariate

model, when all potential confounding variables were incorporated, this association

was weakened to be signif,rcant only at a 10% level.

The impact of the small sample size is further illustrated in table 6.1, which shows the

estimated number of cases and controls required to establish a statistically significant

association (at the 5% significance level) between each SNP and ischemic stroke. The

estimates are calculated using the adjusted odds ratios and the background genotype
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frequencies of each SNP as determined by this study. When a one to one patient-

control ratio is considered, only the sample size estimate for the TPA-7351 SNP

approached the number of controls recruited in this study. Statistical signifìcance for

this SNP, amongst the entire stroke cohort, was achieved by increasing the patient-

control ratio to l:1.65.

Table 6.1

Sample size Bstimation Based on Adjusted oR's Determined for Each sNP

SNP Genotype Adjusted OR Controls (%o) Sample Size*

PON1 54LL

PAI-1 4G4G

PON1 107CC

TPA -7351TT
p Fib -148TT
Prothrombin 20210G4

GpIIIa PlAlA2
GpIbHPA 2a2b

1.0

0.9

1.4

t.9

1.7

1.1

1.5

0.7

42

27

13

9

J

J

27

14

7,047

7,359

1,090

366

1,513

56,823

477

1,77 5

Sample sizes were estimated using Winepiscope2.0 - sample size estimation of an unmatched case-

conîrol study Estimaîions are baied on OR'sfor each SNP fottowing adjustmentfor confounding

variables (iable 5.5). All estimates are based on a study power of 80%, a 95%¡ level of confidence and

one to one matching of cases with controls.
*sample size estimations are per group - i.e. require an equivalent number of cases and controls

The estimates also show that for the remaining SNP's, the recruited number of patients

and controls fell considerably short of that required to determine a statistically

significant association. The negative outcomes for each of these SNP's may therefore

represent type 2 errors, which require much larger studies of greater power to confirm

the absence of association.

The small sample size may have also led to a spurious positive association. Clinical

relevance for both the TPA _735lClT and the PONI -l}7ClT SNP's arose following

stratification for stroke subtype. Consequently, these associations occurred in an even

smaller population, resulting in relatively wide confidence intervals that approached

unity. Therefore, the possibility of a type 1 error cannot be excluded and a study of

greater power is required to confirm the strength of association. The inherent design of
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a prospective case-control study also permits investigation of stroke survivors alone.

Consequently, an underestimation of the pro-thrombotic polymorphisms amongst our

stroke population is possible. Recruitment of these individuals, however, would

strengthen any association, rather than dilute it.

Various sources of misclassification bias may have also arisen. Both hypertension and

hypercholesterolemia appeared to be protective of ischemic stroke, with the effect

being statistically significant (hypertension OR 0.6, 95yocl 0.4-0'9'

hypercholesterolemia OR 0.5, g5%CI 0.3-0.7). These findings contradict those of

previous large-scale, population-based epidemiological studies (Davis et al', 1987,

Grau et a/., , Simons et a1.,1998, D'Agostino et al., 1994)' In the current study,

hypertension was coded using a composite definition that incorporated a past medical

history of hypertension, use of anti-hypertensive medication and measured blood

pressure. This definition was adopted in an attempt to accurately classif, those with no

personal history of hypertension who were objectively hypertensive at the time of

recruitment. This, however, led to the misclassification of hypertension in some

situations. When a past history of hypertension alone was considered, the apparent

protective effect of hypertension \À/as lost, suggesting that there was an over-

representation of newly diagnosed hypertension amongst the control group. This is

further illustrated following stratification of blood pressure according to the World

Health Organization criteria (table 5.4). The prevalence of isolated systolic

hypertension is significantly higher for cases than controls and is suggestive of a

greater "white coat" effect amongst this group. Controls '\¡/ere recruited on an

outpatient basis, with recruitment clinics held concurrently with other outpatient

clinics at either The Queen Elizabeth or Lyell McEwin Hospitals. Therefore, the

greater isolated systolic hypertension observed amongst controls may reflect the

anxiety induced by a busy hospital outpatient environment. In contrast, for stroke

patients, blood pressure was measured in a relaxed state at their bedside, typically in a

quiet ward.

This study did not measure fasting cholesterol levels and for most controls, venous

sampling was performed after breakfast. Restriction of oral food intake in stroke
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patients, however, was not uncommon, and implemented to minimise the risk of

aspiration pneumonia. Therefore, the higher prevalence of hypercholesterolemia

amongst the control group most likely represents this disparity in fasting status at the

time of venous blood collection. This is further suppofted by the lack of association

between hypercholesterolemia and ischemic stroke when a history of

hypercholesterolemia alone is considered (Table 5.5)'

The limitations associated with the OCSP classification system could also have led to

misclassification of stroke subtype. For example, the OCSP cannot differentiate

between lacunar infarction (small vessel disease) and striato-capsular infarction

without cortical signs (large vessel disease). The OCSP classification system, however,

has been validated, with concordance between clinical subtype and brain neuro-

imaging reported in75o/o of cases (Whisnant et al., 1996). Furthermore, in the present

study, clinical subtype was made in conjunction with neuro-imaging, thus limiting this

error.

When a case-control sample is derived from an ethnically mixed population, or even in

an apparent homogenous population where ethnic mixing has occurred over several

generations, non-random associations can occur at loci that are independent of a

disease phenotype. This occurs because allele frequencies in both disease and non-

disease causing genes vary widely amongst different ethnic groups. As a result, there

will be inherent differences in allele frequency within subsets of a mixed population,

irrespective of an association with a disease phenotype. Confounding in case-control

studies can therefore arise if the study groups differ considerably in ancestral origin.

This phenomenon is known as population stratification and is cited as the primary

cause of non-replication of positive associations in case-control studies (Cardon and

Palmer,2003).

In the current study, the confounding effect of population stratiftcation was not

determined and a type I enor may have occurred. One approach to dealing with this

problem has been to match cases and controls for ethnicity (Reich and Goldstein'

2001). Although this was not performed in this study, the ethnic origin of participants
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was recorded. Due to the lack of interpreting services and differences in cultural

attitudes to participation in medical research, the study sample consisted chiefly of

Caucasians, with no significant difference in the proportion of non-Caucasians

between cases and controls. Furthermore, in the control group, the genotype

distributions (for the SNP's found to be associated with ischemic stroke) were similar

to that found in other Caucasian populations (Table 6.2).

Table 6.2

Variation of PONI 107 TIC and TPA-7351 C/T Genotype Distributions Amongst

Caucasian Populations

SNP Genotype Distrib utio n ("/r)

TT TC CC

20 67 13

2t 56 23

32 44 24

Reference

PONI -107 Tlc 25 50 25

PONr -107 TIC

PONl -107 TIC

PON1 -107 TIC

TPA _735I C/T

TPA -7351 C/T

CC

46

5l

CT

45

39

TT

9

l0

Present Study

(James et aL.,2000)

(Leviev and James,

2000)

(Brophy et aL.,2007)

Present Study

(Ladenvall et al.,

2002)

Although this may appear favourable, the interpretation that it represents a uniform

ethnic population should be made with caution, as this population is derived from a

diverse range of ethnic backgrounds, with genetic admixture occurring over several

generations. Thus, the impact of population stratification may still be playing an

important role.
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Association by linkage disequilibrium also warants consideration. The finding of a

SNP associated with a disease phenotype has one of three explanations. Firstly, the

association is spurious and a type 1 error has occurred. Secondly, the association is

true, however, it has arisen through linkage disequilibrium with a nearby genetic locus

of functional significance; or thirdly, the SNP in question has a true pathogenic role in

the development of the disease phenotype. The latter explanation is most likely for

both the PON1 -l}7TlC and TPA -735IC1T SNP's, as strong evidence showing

biological significance for these SNP's exists (Leviev and James, 2000, Ladenvall et

at.,2000). The SNP's occur within regulatory regions of their respective genes, with

mRNA transcription and gene product activity highly dependent on genotype'

Therefore, the positive associations determined in this study are unlikely to be

secondary to linkage disequilibrium with another gene locus, although this cannot be

totally excluded.
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Chapter 7

Future Directions

This thesis has identified two common SNP's in the TPA and PON1 genes that may

play an important role in the pathogenesis of lacunar stroke. The association, however,

was made in a study of relatively small sample size, with some methodological

limitations. As such, a larger, well-designed study of greater statistical power is

required to confirm the strength of association. This chapter will discuss key issues in

the implementation of such a study.

7.1 Selection of Appropriate Study Design

In the planning of any study, the selection of the most appropriate study design that

will address the hypothesis is critical. For genetic studies, there are two main

approaches: Linkage analysis and genetic association. Linkage analysis relies on the

identification of genetic markers that are in linkage disequilibrium with a disease

locus. This can be used to examine co-segregation with a disease phenotype amongst

sibling pairs. Despite this method being used in identi|,ing mutations associated with

single-gene disorders, its application to diseases of complex genetic inheritance has

been less effective, as it relies greatly on mutations with a strong phenotypic effect and

high penetrance (Cardon and Bell, 2001). For non-Mendelian diseases such as

ischemic stroke, this situation does not occur, with the genetic predisposition arising

through the interaction and accumulation of numerous genetic loci, each of which have

a smaller phenotypic effect and weaker penetrance. Thus, the application of linkage

analysis in this setting is less powerful in detecting a genetic predisposition. This is

further illustrated by a recent study that developed a biometric model comparing

linkage analysis (using affected sibling pairs) with the case-control study design

(Risch, 2000). In this model, it was assumed that risk associated with the homozygous

state for the disease-causing allele was the square of the risk associated with the
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heterozygous state (Figure 7.1). The model showed that application of linkage analysis

is feasible for alleles that possess a strong phenotypic effect (i.e. genotype relative risk

: 4.0). However, for alleles with weaker effects (genotype relative risk : 2.0), linkage

analysis is insufficiently powered to detect a statistical association, requiring

unrealistically large sample sizes. In contrast, case-control studies are suitably powered

to detect an association for alleles of weaker penetrance (figure 7.1)'

Figure 7.1

Comparison of Linkage (dashed lines) and Association Analysis (solid lines) for
Detecting Genetic Bffects
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In the current study, the risk of lacunar stroke associated with the PONI -l07CC and

TPA -7,351TT genotype was increased two to three-fold. If confirmed by a larger

study, the true increase in risk may be even smaller, as the magnitude of genetic effect

is often overestimated by small association studies (Ioannidis et al., 2003). This

relatively weak genetic effect is therefore most amenable to investigation with a case-

control study design.
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7.2 The Importance of Stroke Sub-typing

Accurate sub-typing of ischemic stroke is of paramount importance, as the underlying

pathophysiology is heterogenous. This is particularly relevant to the genetic

predisposition of ischemic stroke. For example, the genes predisposing to intra-cardiac

thrombosis are likely to be quite different to those causing atherosclerosis or

lipohyalinosis. The OCSP classification system is often chosen as the clinical sub-

typing tool (including the current study), as it has a low resource requirement, is easily

implemented, has high reproducibility and low inter-observer error. However, it is

poor at differentiating for subcortical large vessel disease, posterior circulation small

vessel disease and cardio-embolism. A far superior tool is that developed by the

TOAST investigators (Kolominsky-Rabas et al., 2001). Although it requires

signif,rcantly greater resources, it provides a robust means to differentiate between

stroke subtypes. For small vessel disease, however, genetic association using the

TOAST criteria may still be sub-optimal, as the criteria do not allow differentiation

between lacunar stroke caused by lipohyalinosis, microatheroma or embolism,

mechanisms in which different genes are likely to be responsible'

The importance of accurate stroke sub-typing for the purpose of establishing genetic

risk has recently been confirmed (Jerrard-Dunne et a1.,2003). In this study, a family

history of stroke was recorded in 1000 consecutive white subjects with ischemic stroke

and 800 age- and gender-matched controls. All patients were sub-typed using the

TOAST criteria. The study made several very important findings. First, after

adjustment for conventional cerebrovascular risk factors, a family history of stroke did

not appear to be a significant risk factor for ischemic stroke (OR 1.22,95%CI 0.90-

1.39). However, when the analysis \/as limited to those with a history of stroke

occurring in a relative less than 65 years of age, a statistically signifìcant association

with stroke \ryas found (OR 1.38, 95%CI 1'01-1.90). Furthermore' following

stratification for stroke subtype, an association between ischemic stroke and a family

history of stroke (less than 65 years) was limited to those classified with small or large

vessel ischemic stroke (small vessel disease OR 1.93, 95%Cl 1.25-2'97,large vessel
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disease Op.2.24,95%CI 1.49-3.36). A family history of stroke was not an important

risk factor for cardio-embolic stroke or ischemic stroke that could not be classified.

This study also showed a strong interaction between a family history of stroke (less

than 65 years of age) and the age of stroke onset. The risk of small and large vessel

ischemic stroke associated with a family history (less than 65 years of age) increased

as the age of stroke onset decreased (Table 7.1). For example, in those presenting with

small vessel disease less than 55 years of age, a family history of stroke (less than 65

years of age) was associated with a 4-fold increase in risk. The corresponding odds

ratio for those presenting with small vessel-related ischemic stroke that were less than

65 years of age was 2.69 and for those less than 80 years, was 1.55 (Table 7.1).

Table 7.1
Relationship Between Age of Stroke and Positive Family History of Stroke < 65

Years for Small and Large Vessel Disease

Small Vessel Disease Large Vessel I)isease

oR (es%cr) oR (gs%cr)

Stroke <55 y
Stroke <60 y
Stroke <65 y
Stroke <70 y
Stroke <75 y
Stroke <80 y
All Strokes

3.ee (1.2s-12.7)
2.70 (t.18-6.18)
2.69 (1.46-4.96)
1 .e 1 (1.1 t-3.28)
1.5s (0.94-2.s3)
t.ss (0.97-2.48)
r.4e (0.94-2.37)

4.46 (1.03-19.3)
2.ss (r.04-6.2s)
2.34 (1.21-4.s2)
1.86 (1.10-3.12)
1.88 (1.18-3.00)
1.82 (1.1s-2.86)
1.67 (t.08-2.66)

From (Jerrard-Dunne el al., 2003)

The findings illustrate the importance of accurate stroke sub-typing and suggest that

the greatest likelihood of establishing a genetic determinant for ischemic stroke will

occur when the study sample consists of a younger stroke population presenting with

small or large vessel occlusion and having positive family history for early onset

stroke. Patients with cardio-embolic or unclassified stroke should be excluded from

analysis, as their recruitment is likely to weaken the strength of any association.
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Table7.2
Estimated Sample Size Requirement for Studies Using Specific Stroke Subtypes

and Age Groups

No. of Cases in Case-Control Study*

129

oR (es%cr)
associated

with SNP**

Allele
Frequency

5.,Â

Allele
X'requency

l0Vo

Allele
Frequency

l5'h

All Stroke
All Stroke <65yrs
Large vessel
Large vessel <65yrs
Small-vessel
Small-vessel <65yrs

1.38 (1.01-1.90)
2.2t (1.41-3.47)
1.67 (1.08-2.66)
2.34 (t.21-4.s2)
r.49 (0.e4-2.37)
2.69 (1.46-4.96)

2761
369
996
313
t739
217

l48l
205
542
175
936
t23

I 065
152
395
131

676
93

* Estimated sample sizes required to delect an effect equal to the obsen,ed OR's and 95% CI wilh a P

value of <0.05 and 80(% Power.
**O.R's are based on the observed mttltivariate ORfor a positive family histoty of stroke <65years

From (Jerrard-Dunne et al., 2003)

These authors also showed that targeting a specifìc stroke sub-group defined by age,

family history of stroke and stroke sub-type, might impact on the sample size required

to establish a significant association. This is illustrated in table 7.2.In subgroups where

the impact of a genetic predisposition is high, the sample size required to establish an

association is small. For example, in a study of patients of less than 65 years of age,

who present with small vessel disease and have a positive family history of early-onset

stroke (less than 65 years), the estimated sample size required to establish an

association for a genotype of 10% prevalence is 123 (range 39-1049) (Jerrard-Dunne et

a1.,2003). This figure is particularly relevant to the present study which showed the

background frequency rate of the PONI 107CC and TPA -7,351TT genotypes to be

73%o and 9olo respectively. The methodology used to estimate the sample sizes,

however, deserves some discussion. The estimates were based on the odds ratios

determined for a positive family history of stroke that serves as a surrogate for the

'total' genetic predisposition. Using this to estimate the sample size required to

establish association with one SNP, assumes that this SNP accounts totally for the
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genetic risk of stroke. This assumption is unlikely and contradicts the polygenic model

of ischemic stroke.

Although in theory, restriction of the case-control study to a pre-specified stroke

subgroup appears ideal, application of such a study is difficult, as the number of stroke

patients required to be screened is high. This problem, however, could be overcome if

recruitment was derived from large prospective population-based incidence study that

involved multiple centres and spanned wide geographical regions. This study design

would also allow the identification of alarge number of controls that could be matched

for demo graphic characteristi c s and ethnicity.

7.3 Adjustment for Population Stratification

Bias from the effect of population stratification is often cited as the reason for non-

replication of SNP associations with disease. Population stratification bias occurs

when an apparent allelic association with a disease phenotype arises not due a true

association, but due to differences in ethnic composition between cases and controls.

The selection of controls is therefore critical, as any systematic differences in allele

frequency may manifest as a disease association. Although matching of cases and

controls for ethnic origin may minimise this bias, the potential for spurious association

persists, as considerable ethnic admixture may still exist even in an apparent

homogeneous population. Therefore strategies are required to either eliminate, or

alternatively, quantifu and adjust for the confounding effects of this bias.

This bias can be minimised largely by using a prospective cohort study (Cardon and

Bell, 2001), This requires the recruitment of a large number of asymptomatic

individuals who are monitored throughout the study for the incidence of ischemic

stroke. As patients are then matched with stroke-free individuals from the same

population, there is no bias for the selection of controls. The approach, however,

requires significantly more resources and can take many years before an adequate

number of incident strokes can be collected. The method could be applied in a large-

scale multi-centre study, which would span wide geographical regions. Another

significant advantage of this study is the ability to prospectively record and obtain a
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more accurate profile of the known cerebrovascular risk factors. An alternative

strategy has been to select controls from families of affected stroke patients. The most

common approach used is the Transmission Disequilibrium Test, which analyses the

transmission of disease-causing alleles from living parents to their affected offspring

(Hassan et al., 2002). The methodology, however, relies on the availability of

heterozygous parents and therefore a significantly larger number of cases require to be

screened. Furthermore, the requirement for parental genotypes makes its use in late-

onset diseases such as ischemic stroke less feasible.

More recently, a method allowing for quantification and adjustment for population

stratification bias has been devised (Reich and Goldstein, 2001). The method involves

genotyping a number of unlinked SNP's that have no theoretical relationship with the

disease phenotype, in addition to the candidate SNP. In the ideal situation, where

similar allele frequencies exist between cases and controls, no statistical association

between the unlinked markers and the disease phenotype should arise. However, when

ethnic diversity between the groups occurs, the prevalence of unlinked markers will

vary, with the average difference being detectable and representative of the magnitude

of population stratification bias. The ability of this methodology to detect population

stratification bias will consequently depend on the number of unlinked SNP's used,

with a range of 20 - 40 SNP's being most optimal (Reich and Goldstein, 2001). This

method provides a robust and feasible means to quantiff and adjust for population

stratification that can be applied readily to relatively small genetic association studies.

7.4 Alternate Disease PhenotYPes

The relevance of the TPA -7,351TT and PON1 -107CC genotypes to other smrll

vessel disease phenotypes such as subcortical leukoaraiosis also warants further

investigating. Extrapolation of the findings to subcortical leukoaraiosis should be made

with caution, as the underlying pathology is mainly due to arteriosclerosis rather than

microatheroma or lipohyalinosis (Dozono et al.,l99l). Despite this, a close correlation

between lacunar infarction and subcortical arterioloslerosis has been observed (Dozono

et al.,l99l). Furthermore, in the Austrian Stroke Prevention Study, the PONI 54ML

SNp was shown to be significantly associated with progression of subcortical vascular
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lesions (Schmidt et al., 1998a). It remains feasible, therefore, that the TPA and PONI

SNP's may influence the development and progression of this pathology and may be

an important determinant of vascular disease-related cognitive decline. Subcortical

leukoaraiosis also serves as an intermediate phenotype, as the affected individual may

be asymptomatic. A case control study would be ideal to determine the relevance of

the TPA and PON] SNP's to this phenotype, however, this would also require neuro-

imaging of controls to exclude subclinical disease. An alternate approach is a

prospective cohort study, whereby each asymptomatic participant is followed with

serial neuro-imaging and a comparison made for the prevalence of the pathogenic

alleles between those who showed objective evidence of progression with those who

did not. Such a method would also eliminate any population stratification bias.

The association between lacunar stroke and the TPA -7,351C/T SNP leads to the

hypothesis that this SNP may also have a role in the development of hypertensive-type

intracerebral haemorrhage. This arises as lipohyalinosis underlies both phenotypes.

The findings of this study suggest that the prothrombotic TPA-7,351 TT genotype tips

the balance towards thrombosis, with a subsequent phenotypic expression of lacunar

infarction. Whether the profibrinolytic TPA-7,351CC genotype predisposes to the

haemorrhagic phenotype warrants further investigation. A well-designed case-control

study would be necessary to pursue this research question.

7.5 FinalConsiderations

Table7.3lists the factors required to confirm the strength of association of the findings

of this study. The case-control study remains a powerful research tool when issues

relating to stroke sub-typing, sample size estimation and population stratification bias

are considered. Furthermore, as cases and controls are recruited prospectively, DNA

samples can be stored and used for future candidate gene studies. This is particularly

important as high-throughput genome-wide SNP analysis technologies such as that

developed by Sequenom (www.sequenom.com) become available. This technology

will enable a detailed genetic profile to be determined that can be used to stratif,

individuals with the highest risk of first and subsequent ischemic stroke. Genome-wide

SNP analysis can also be applied to a case-control study to find novel genetic loci
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associated with ischemic stroke. This gene mapping strategy uses approximately

100,000 SNP's that span the entire human genome and relies on the differential

clustering of SNP's around a disease locus between cases and controls (Hassan and

Markus, 2000). Highthroughput genotyping systems will also enhance our

understanding of the underlying pathophysiological mechanisms and pave the way for

new therapeutic interventions.

Table 7.3
Recommendations for the Model Genetic Association Study

I

2.

J.

4.

5.

Case-control study design (sub-study of a larger prospective incidence study

ideal).
Selection of SNP's that play an important role in the pathogenesis of ischemic

stroke.
Avoidance of candidate genes that are in linkage disequilibrium with other

SNP's of functional significance.
Measurement and adjustment for factors that may influence gene product

expression.
Válidation of genetic effect, i.e.- correlation of genotype with plasma levels of
gene product. Selection of candidate genes with the greatest functional

significance only.
Lãrge sample size - at least 1000 cases and 1000 controls. Best performed by

multi-centre collaboration.
Significance level set at p<0.01 or less to avoid type I erors.
Standardized assessment of known cerebrovascular risk factors.

Adoption of WHO definition of stroke (Hatono, 1976).

Accurate stroke sub-typing using TOAST criteria.
Neuro-imaging (preferably Mzu) confirmation of ischemic stroke.

Exclusion of cardio-embolic and unclassified stroke sub-types.

Exclusion of patients over 65 years of age.

Eligibility resìricted to patients with a history of stroke in a I't degree relative'

Random selection of population controls.
Controls matched for age, gender and ethnic origin.
Genotyping of 20-40 unlinked SNP's for the determination and adjustment of
population stratification bias.

Ñeuro-imaging (preferably MRI) confirmation of normality in controls.

Particularly important in studies of lacunar stroke to exclude subclinical disease

and avoid misclassifi cation.
Avoidance of sub-group analYsis.

Establishment of DNA bank and database for future investigation.

6.

7.

8.

9.
10.

11.

12.
13.

14.
15.

16.

17.

18,

19.
20.

{
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This thesis has identified two SNP's that may play an important role in the

predisposition of lacunar stroke, as well as factors that can significantly impact on the

outcome of a case-control study. As the study is of limited statistical power, the

findings should be considered as hypothesis generating. Confirmation, with a larger

study of greater power is necessary to address all the issues raised in this chapter. With

the recent advances in biotechnology and understanding ofpopulation genetics, a study

of this calibre is now feasible. We have the know-how; the challenge to confirm these

findings and apply them to other cerebrovascular phenotypes now lies ahead.
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Appendix I

The OCSP Classification Criteria (Bamford et at.1991)

Total Anterior Circulation Syndrome (TACS)

A combination of new higher cerebral dysfunction (eg. dysphasia, dyscalculia,

visuospatial disorder); homonymous visual field defect; and ipsilateral motor andlor

sensory deficit of at least two areas of the face, arm or leg. If consciousness is impaired

and formal testing of higher cerebral function or visual fields was not possible, a

deficit was assumed.

Partial Anterior Circulation Syndrome (PACS)

Two out of three components of the TACS, with higher cerebral dysfunction alone, or

with a motor/sensory deficit more restricted than those classified as a LS.

Lacunar Syndrome (LS)

A pure motor stroke, pure sensory stroke, sensori-motor stroke, or ataxic hemiparesis

Posterior Circulation Syndrome (PCS)

Any of the following: ipsilateral cranial nerve palsy, with contralateral motor and/or

sensory deficit; bilateral motor and/or sensory deficit; disorder of conjugate eye

movement; cerebellar dysfunction without ipsilateral long-tract deficit (i.e. ataxic

hemiparesis); or isolated homonymous visual field defect.
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Appendix II
Study Information Sheet

Polygenic Disease - A Study of Genetic Risk in an Australian Stroke Population

The Adelaide Genetic Stroke StudY

Principal Investigator: Dr Jim Jannes

We are grateful for your time to consider participation in this study. We welcome your

interest and would like to inform you of our aims.

Background Information and Aims

Stroke is a common disease that affects thousands of Australians each year. Smoking,

high blood pressure, diabetes and a high cholesterol level are important factors that

inõrease the risk of stroke. Recent studies have indicated that there may also be a

genetic contribution to stroke.

Most strokes occur as a result of a blood clot blocking a major blood vessel within the

brain. This process involves many proteins, including platelet glycoproteins,

fibrinogen, paraxonase, tissue plasminogen activator and prothrombin. Recently, minor

genetic variations within these proteins have been discovered, which result in an

increased tendency to form clots within blood vessels.

This study will investigate the risk of stroke associated with these genetically altered

proteins. This can be achieved by comparing stroke patients and a group of non-stroke

patients for these altered proteins.

Study Procedure

We anticipate that your involvement in this study will take up to 30 minutes. This will
involve ànswering a short questionnaire followed by a blood test (l5mls,

approximately 3 teaspoons). Blood will be tested for cholesterol, glucose, and for the

gènetic variations within the glycoprotein, paroxonase, tissue plasminogen activator,

prothrombin and fìbrinogen genes (where possible, for stroke patients, blood will be

iaken with other routine blood tests to avoid additional discomfort). An electrical

recording of the heart will be taken using an electrocardiograph machine. Four separate

blood pressure readings will also be taken. Blood will be drawn using standard

pr""uuiionr, however despite this a very small risk of local skin infection exists. More

ðommonly a small bruise associated with mild discomfort may occur at the injection

site. This usually resolves within a few days. If you decide to participate, there will be

no financial cost to you.
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Confidentiality

All results will be kept in the strictest confidence and will only be available to

participants on request. In the event of an abnormal finding (i.e. high blood glucose or

cholesierol¡ your physician or general practitioner will be notified. For stroke patient

involvement in this study will not affect their treatment. Please note, that if for any

reason you decide that you no longer would like to participate in this study, you may

withdraw at any time. Withdrawal will not affect any future treatment you receive at

this hospital.

We thank you for your participation and time given to this study which we hope may

help us reduce the risk of stroke in the near future. Please feel free to discuss any

aspects of concern with the principle investigator, Dr Jim Jannes (phone 82226119). If
you wish to speak to a person not involved with this study, you can contact contact Mr
Þaul Miller, Èxecutive Officer, Ethics Committee, Queen Elizabeth Hospital (phone
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Appendix III
Study Consent Form

Polygenic Disease - A Study of Genetic Risk in an Australian Stroke Population
The Adelaide Genetic Stroke Study

1. I, the undersigned
'..(name) herebY

consent to my involvement in the research project titled Polygenic Disease: A
Study of Genetic risk In An Australian Stroke Population'

2. I have read the information sheet, and I understand the reasons for this study. The

ways in which it'will affect me have been explained by the research worker. My
questions have been answered to my satisfaction. My consent is given voluntarily

3. The details of the research project have been explained to me, including:
. the expected time it will take,
. the nature of any procedures being performed, and the number of times they

will be performed,
. any discomfort which I may experience.

4. I understand that the purpose of this research project is to improve the quality of
medical care, but my involvement may not be of benefit to me.

5. I have been given the opportunity to have a member of my family or a friend

present while the project was explained to me.

6. No information about my medical history will be taken from the hospital without

the researcher being present. My identity will be kept confidential, and nothing

will be published which could possibly reveal my identity'
7. My involvement in the project will not affect my relationship with my medical

advisers. I understand that I am free to withdraw from the project at any stage

without having to give any reasons, and that if I do withdraw from the project it

will not affect my treatment at this hospital in the future.

Signed ... .

Full Name
(printed)..
Address

Date

Research Worker
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Appendix IV
Bivariate Analysis: Identification of Confounders

The table below lists the odds ratio of ischemic stroke following adjustment for each

potential confounder. The effect of confounding was evaluated for both heterozygous

(ht) vs wild-type (wt) and homozygous (hm) vs wt. Variables that altered the

univariate odds ratio (i.e. no confounding influence) for each SNP by more than 10%o

were considered "important' variables and included in a multivariate analysis.

Confounder ht vs wt hm vs wt

%ochange in
ORSNP Confounder OR OR OR

PON1 54M/L

Gp IIIa PIA1A2

None
Smoker

Systolic BP

Diastolic BP
Hypertension
Cholesterol

Hypercholesterol
Glucose
Diabetes
Atrial frb

Family history
Ethnic

None
Smoker

Systolic BP
Diastolic BP
Hypertension
Cholesterol

Hypercholesterol
Glucose
Diabetes
Atrial fib

Family history
Ethnic

3.24
0.97
0.95
0.57
0.56
0.48
t.43
2.89
8.41

0.98
7.10

3.28
0.97
0.95
0.56
0.56
0.49
t.45
2.87
8.22
0.98
8.31

1.07

1.19
1.01

0.95
1.09
r.07
1.04
1.05

t.t6
1.22

1.07

I .16

1.38

t.45
r.27
t.42
1.39

1.37
1.34

1.62

1.39

1.33

1.38

1.41

1.1 1

1.11

l.09
0.95

t.r4
1.11

1.10

l.09
t.2t
t.22
1.11

l.l5

llo/o
-5%
-12%
2%
0%
-3%
-2%
\Yo
t4%
0%
8%

5Yo

-8%
3%
0%
-lo/o

-3%
t7%
0%
-4%
0%
2o/o

0%
-t%
-14%
3%
t%
0%
-2%
t0%
t0%
0%
4o/o

-6%
-17%
t0%
-tr%
20%
9%

-2s%
-5%
-4%
0%

-20%

0.79
0.74
0.6s
0.86
0.70
0.95
0.86
0.59
0.75
0.76

0.79
0.63
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SNP

Confounder ht vs wt hm vs wt

Confounder OR OR OR o/ochange in OR

PAI5G/4G

Fib 148 c/T

Gp lb HPA2alb

None
Smoker

Systolic BP

Diastolic BP
Hypertension
Cholesterol

Hypercholesterol
Glucose
Diabetes
Atrial fib

Family history
Ethnic

None
Smoker

Systolic BP

Diastolic BP
Hypertension
Cholesterol

Hypercholesterol
Glucose
Diabetes
Atrial fib

Family history
Ethnic

None
Smoker

Systolic BP

Diastolic BP
Hypertension
Cholesterol

Hypercholesterol
Glucose
Diabetes
Arrial fib

Family history
Ethnic

3.20
0.97
0.95
0.58
0.56
0.48
1.43

2.85
8.30
0.98
6.53

3.22
0.97
0.95
0.57
0.56
0.48
t.44
2.93
8.44
0.97
6.86

0.84
0.82
0.91

0.94
0.85
0.83
0.80
0.77
0.86
0.97
0.84
0.89

0.95
0.94
1.05

1.08

0.95
l 00
0.99
0.82
0.85
1.03

0.95
0.95

0.83
0.86
0.81

0.85
0.85
0.84
0.82
0.86
0.90
0.91

0.83

0.85

-2%
9%
l2%
2%
-t%
-5%
-8%
2%
l6%
0%
6%

0%
l0%
l4%
lo
s%
5%

-13%
-11%
8%
0%
t%

5%
8%
6%
4%
-7%
-6%
-7%
-3%
-rt%
0%
2%

3%
-3%
2%
3%
t%
-2%
3%
8%
9%
0%
2%

7%
-20%
-23%
3%
28%
t0%
\Yo
-3%
t6%
t%
2%

1.48

1.59

1.19

t.t4
t.52
1.90

1.62

1.60

t.44
t.72
1.49

1.51

3.28
0.97
0.9s
0.57
0.56
0.48
1.43

2.85

8.43

0.98
6.60

0.83

0.87
0.89
0.88
0.86
0.77
0.78
0.77
0.81

0.74
0.83
0.84
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SNP

Confounder ht vs wt hm vs wt

Confounder OR OR OR
o/ochange

in OR

PONI -lÙ7ClT None
Smoker

Systolic BP
Diastolic BP
Hypeftension
Cholesterol

Hypercholesterol
Glucose
Diabetes
Atrialfib

Family history
Ethnic

Proth. 202010 GIA None
Smoker

Systolic BP
Diastolic BP
Hypertension
Cholesterol

Hypercholesterol
Glucose
Diabetes
Atrial fib

Family history
Ethnic

TPA _7,35IC/T None
Smoker

Systolic BP
Diastolic BP
Hypertension
Cholesterol

Hypercholesterol
Glucose
Diabetes
Atrialfib

Family history
Ethnic

3.40
0.97
0.95
0.57
0.57
0.48
1.43

2.78
8.17
0.94
6.36

3.20
0.97
0.95
0.57
0.56
0.48
1.43

2.85
8.45

0.97
6.85

0.67
0.66
0.66
0.69
0.67
0.72
0.65
0.68
0.73
0.68
0.67
0.69

r.35
t.47
t.32
1.26

1.35

1.36

1.30

l.4l
1.43

1.33

1,36

1.40

-2%
-l%
3%
0%
7Yo

-4o/o

2%
8%
l%
ÙYo

2%

3%
4%
7%
ïYo
-4Yo

lYo
-30%
-llo/o
25y,
lYo
z%o

-4Vr

0o/o

2%
-t%
t%
2Yo

9%
Io/o

9%
jYo

0%

9%
-2%
-7%
0%
0%
-4%
5%
5%
-2%
0%
4%

3.16
0.97
0.95
0.58
0.56
0.48
1'43

2.83
8.90
0.97
7.02

1.26

1.30

1.31

1.35

1.27

t.2l
1.28

0.88
l.t2
1.58

t.z7
1.28

l.l3
1.09

1.13

l.l5
1.12

1.15

1.15

1.23

Ll4
1.24

1.l3
1.13

1.52

t.44
1.51

1.59

1.43

1.53

L53
t.47
1.44

r.90
t.52
1.55

-5%
0%
5%
-6%
0%
r%
-3%
-6%
2s%
0%
2%
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Abstract

Background and Purpose

Occlusive thrombosis is an important component of both small and large vessel

ischemic stroke. Endogenous tissue plasminogen activator (TPA) is the primary

mediator of intravascular fibrinolysis and is predominantly expressed by the

endothelium of small vessels. The acute release of TPA is influenced by the TPA -
735lClT polymorphism and therefore may play an important role in the pathogenesis

of lacunar stroke. In this study we investigated the risk of lacunar and non-lacunar

ischemic stroke associated with the TPA -7351ClT polymorphism.

Methods

We conducted a case-control study of 182 cases of ischemic stroke and 301

community controls. Participants were evaluated for known cerebrovascular risk

factors and the TPA -7351ClT genotype was established by a polymerase chain

reaction (PCR) method. Logistic regression was used to determine the risk of lacunar

and non-lacunar ischemic stroke associated with the TPA -7351ClT polymorphism.

Results

The prevalence of the TPA -7351 CC, CT, TT genotype was 46yo, 45yo, 9Vo for

controls and 4lo/o, 460/o and 13Yo for stroke patients, respectively. After adjustment for

known cerebrovascular risk factors, the TT genotype was significantly associated with

ischemic stroke (OR 1.g,gsyocl1.0l-3.6). Stratification for stroke subtype showed a

significant association between the TT genotype and lacunar stroke, but not non-

lacunar stroke (OR 2.7, 95%CI l.l-6.7).

Conclusions

The TPA -735lClT polymorphism is an independent risk factor for lacunar stroke.

The findings suggest that impaired fibrinolysis may play a role in the pathogenesis of

lacunar stroke.
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Occlusive thrombosis is an important component of both small and large vessel

ischemic stroke. It is usually caused by focal disruption of an atheromatous plaque,

exposing sub-endothelial tissues that trigger a local haemostatic response. Thrombosis

may also occur under conditions of high shear stress, such as those induced by

atherosclerotic stenosis.l Irrespective of the cause, the endogenous fibrinolytic defense

system plays an important role in counteracting thrombus formation, with the degree

of thrombosis governed by the balance of pro- and anti-thrombotic forces.2

Endothelium-derived tissue plasminogen activator is the primary mediator of local

intravascular fibrinolysis. Knockout mice deficient for TPA have markedly slower

rates of reperfusion following thrombotic occlusion of a carotid artery when compared

with their wild-type counterparts.' In humans, plasma TPA levels are regulated by two

mechanisms: (a) an acute release of local TPA that is precipitated by vascular injury

and (b) a long-term change in the rate of synthesis of TPA that reflects the chronic

activation of the fibrinolytic system.a The latter is a marker of atherosclerotic burden,

with a high plasma TPA level being an independent predictor of ischemic stroke in

both cross-sectionals-ll and prospective cohort studies.l2't'Th" rapid release of local

TPA by the endothelium is considered to be the most important mechanism mediating

the dissolution of arterial thrombus.a Hence a low capacity for rapid TPA release is

likely to predispose to ischemic stroke. Furthermore, as small vessels predominantly

express TPA within the brain,ra'rs factors that influence its release may have particular

relevance to lacunar stroke.

In humans, genetic factors play an important role in the variance of endothelial TPA

release.r6 Recently, a single nucleotide polymorphism located at position -7351within

the enhancer region of the TPA gene was identified and shown to be strongly

correlated with endothelial TPA release rates.lT The polymorphism was also found to

have functional importance as it occured within an Spl binding site, a factor

promoting DNA transcription. Possession of a thymidine (T) allele was shown to

inhibit Spl binding and was associated with less than half the TPA release observed in

those homozygous for the cytosine (C) allele.'7 The TPA -7351C1T polymorphism has
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subsequently been shown to be clinically relevant, having a strong association with

fi rst myocardial infarction. I 8

The risk of ischemic stroke associated with the TPA -7351ClT polymorphism has not

been reported. We therefore performed a case-control study to determine the risk of

ischemic stroke in relation to either lacunar or non-lacunar events associated with this

genetic determinant of intravascular fibrinolysis, with adjustment for known risk

factors.

Subjects and Methods

Patients admitted with acute ischemic stroke to one of five major hospitals within

metropolitan Adelaide, South Australia, were invited to participate in the study. The

diagnosis of ischemic stroke was made by a neurologist (JJ) in accordance with the

World Health Organization definition.te All patients underwent brain computerized

tomography or magnetic resonance imaging, allowing exclusion of intracerebral and

subarachnoid haemorrhage. Ischemic stroke was sub-typed into four categories using

the Oxfordshire Community Stroke Project (OCSP) classification system:20 (a) Total

anterior circulation syndrome (TACS); (b) Partial anterior circulation syndrome

(PACS); (c) Posterior circulation syndrome (PCS) and (d) Lacunar syndrome (LS).

The control group consisted of non-hospitalized subjects who resided predominantly in

metropolitan Adelaide and did not have a personal history of cerebrovascular disease.

Controls were selected by means of random sampling of the South Australian

electronic telephone directory and group matched with batches of patients for age

(within five-year strata) and gender.

Following informed, written consent, patients and controls were interviewed and

demographic information \ryas recorded. If the patient was unable to communicate

verbally, information was recorded from the next of kin. Cerebrovascular risk factors

including hypertension, hypercholesterolemia and diabetes were recorded if there was

a self-reported history or the individual was receiving medical treatment for the

condition(s) at the time of investigation. An electrocardiogram was undertaken at the

time of the interview to determine the presence of atrial fibrillation. Patients were
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coded with AF if there was objective evidence on ECG or there was a reported history

of paroxysmal AF. Subjects were classified as smokers if they smoked cigarettes or

tobacco on a regular basis at the time of the interview or within the last five years. A

history of stroke in a fîrst degree relative was also recorded. A venous blood sample

was taken from all participants for genetic analysis. The study was approved by the

clinical research ethics committees of participating hospitals.

Genotype Determination

Genomic DNA was isolated from 6ml of whole blood by a standard method.2l A 405

base pair DNA fragment involvin g the -7351ClT polymorphism of the TPA gene was

amplified using the sequence-specific primer PCR method.22 The sequence of the two

reverse allele-specific primers was 5'-ATGGCTGTGTCTGGGGCG-3" 5'-

ATGGCTGTGTCTGGGGCA-3', and that of the forward consensus primer 5'-

ATTGGCGCAAACTCCTCA-3' (Genbank Accession Number: 248484). The PCR

products were separated on a 2%o agarose gel and the allelic frequency was determined.

DNA was de-identified and analyzedin coded form, blinding laboratory staff and data

abstractors to case/control status. Genotyping was also performed by two independent

investigators. They were in full agreement.

Statistical Analysis

Statistical analysis was performed using STATA statistical software (Version 7.0,

College Station, Texas, USA). Based on a population TPA -7351 TT genotype

frequency of 10olo,r8 we estimated that a sample size of 150 patients and 150 controls

would be sufficient to determine a minimum odds ratio of 2.5 (80% power, 950lo

confidence). The strength of association between TPA -735lClT genotype and

ischemic stroke was estimated by calculating the odds ratio (OR) and 95olo confidence

intervals (CI). Odds ratios were also calculated to determine the relative strength of

association of known risk factors. Unconditional logistic regression analysis was used

to examine the modifoing effect of known risk factors (age, gender, ethnicity, family

history of stroke, hypertension, diabetes, smoking, hypercholesterolemia, and atrial

fibrillation) on the risk of stroke associated with the TPA -7351ClT genotype.

Although cases and controls were matched for age and gender, the matching was not
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on an individual basis and these variables were included as potential confounders.

Variables that altered the univariate odds ratio by l\%io or greater were then

incorporated into an unconditional logistic regression model, to determine of the risk

of ischemic stroke associated with the TPA -7351ClT polymorphism. This model also

examined for the effect of interaction between the TPA -7351C1T genotype and each

of the known risk factors. A univariate analysis stratified for ischemic stroke subtype

was performed. A two tailed p-value of <0.05 was considered significant.

Results

Two hundred and one consecutive patients with acute ischemic stroke were invited to

participate in the study. Of these, 152 (90.5%) agreed to participate. One hundred and

thirty-seven patients (75%) presented with first ischemic stroke. The demographic

characteristics and prevalence of cerebrovascular risk factors for cases and 301

controls are shown in Table l. No significant differences \ryere observed between the

two groups in terms of demographic variables. Of the known risk factors examined,

atrial fibrillation was associated with the highest risk of ischemic stroke, with 23%o of

cases versus 3% of controls affected (OR 8.5, 95o/o Cl 4.1 - 17.4). A history of

smoking within the last five years (OR 3.1, 95% CI 1.9-5.2) and diabetes (OR 2.7 , 1 -6

- 4.4) were also found to be associated significantly with ischemic stroke. No

association was observed between ischemic stroke and a history of stroke in a first

degree relative, hypertension or hypercholesterolemia (Table 1), or for the use of

antihypertensive, antiplatelet and lipid lowering medication (results not shown).

Two patients died after enrolment in the study and prior to venous blood sampling,

thus genetic analysis could not be performed in these cases. Table 2 shows the

prevalence of the TPA -7351ClT polymorphism in the remaining 180 ischemic stroke

cases and 301 controls. The allelic frequencies were in Hardy-Weinberg equilibrium.

Among the control group, 46%owere homozygous forthe TPA -7351 C allele (CC),

45%o were heterozygous (CT) and 9Yo were homozygous for the T allele (TT). The

genotype distribution in the ischemic stroke cohort was 4l%o (CC),46% (CT) and 13%

(TT), respectively. ). In a univariate analysis, the risk of ischemic stroke was not

significantly associated with the TT genotype (OR 1.5, gso/ocl 0.8-2.8)' Atrial
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fibrillation was the only variable that significantly altered the univariate risk of

ischemic stroke associated with the TT genotype and following adjustment for this, a

significant association between this genotype and ischemic stroke was observed. The

distribution of the TPA -7351ClT genotype among patients stratified for stroke

subtype and controls is shown in Table 3. Forty-four ischemic stroke patients (245%)

were classified with lacunar stroke. In this sub-group, the TPA -7351 TT genotype

was significantly associated with lacunar stroke (OR 2.6, 95%CI 1'l-6.4, p:0.039).

The corresponding attributable risk associated with the TPA -7351 TT genotype was

13% (2-17%). Removal of the non-caucasoid participants from the analysis did not

alter the significance of this finding. In contrast, the TPA -7351C1T polymorphism

was not associated with an increased risk of non-lacunar stroke. No interaction

between the TPA TT genotype and smoking, hypertension, hypercholesterolemia,

diabetes, family history for stroke, atrial fibrillation or a combination of the above was

found (results not shown).

Discussion

This is the first study to identifo an association between the TPA -735lClT

polymorphism and ischemic stroke, after adjustment for most known cerebrovascular

risk factors. In a subgroup analysis, the TPA -7351TT genotype was significantly

associated with lacunar, but not non-lacunar stroke. The prevalence of the TPA -
735lTT genotype amongst cases was low and consequently the risk of lacunar stroke

attributable to the TPA -735lTT genotype was 13%. This implicates other factors in

the pathogenesis of lacunar stroke and is in keeping with the polygenic model of

ischemic stroke, in which the predisposition arises following the accumulation and

interaction of multiple genetic loci, each of which possess a weak phenotypic effeú.23

Two distinct small vessel pathologies underlie most lacunar stroke: lipohyalinosis and

micro-atheroma.'4 Both lead to slow luminal narrowing causing hemodynamic

compromise that may initially present with the Capsular Warning Syndrome.2s

Subsequent lacunar infarction occurs following non-thrombotic obliteration of

diseased small vessels or from occlusive thrombus.2a The finding of a nearly 3-fold

increase in risk of lacunar stroke associated with homozygosity for the T allele of the
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TPA -7351ClT polymorphism suggests that fibrinolytic factors may play an important

role in the preservation of smallvessel patency. This is supported by studies of normal

primate and rat brains, that show TPA expression is restricted to the endothelial cells

of pre-capillary arterioles and post-capillary venules, with no expression by the

endothelium of large arteries.ra' ls This differential expression of TPA suggests that

under normal circumstances, vascular patency of small vessels relies on an intact

fibrinolytic system and that these vessels may be vulnerable to thrombotic occlusion

by factors that impair fibrinolytic potential. Functional studies have also shown that

impaired fibrinolytic activity may be particularly important in the pathogenesis of

lacunar stroke. Fibrinolytic activity, as measured by plasma fibrinogen degradation

products, varies considerably between lacunar, cardioembolic and atherothrombotic

ischemic stroke, with the lowest levels being observed in lacunar stroke.26 In another

study, impairment of fibrinolytic potential, as determined by the euglobulin lysis time,

was observed more often in patients with lacunar stroke than those with cortical

infarction due to large vessel occlusion.2T

Our findings are consistent with those of a recent study showing an increased risk of

ischemic stroke associated with the D allele of the TPA Alu-repeat insertion/deletion

polymorphir-." Thir polymorphism is in tight linkage disequilibrium with the TPA -
735lClT polymorphism with a linkage disequilibrium coefficient of 0.77.17 Functional

signifîcance, however, is greatest for the TPA -7351ClT polymorphism which

accounts for l8%o of the phenotypic variance in TPA release rates, a finding nearly

double that associated with the TPA Alu-repeat inseftion/deletion polymorphism

00%).2e It is thus plausible that the positive association between the TPA Alu-repeat

insertion/deletion polymorphism and ischemic stroke occurs through linkage

disequilibrium with the functional TPA -735lClT polymorphism.

The potential limitations of our study warrant consideration. The sample size was

small, resulting in wide confidence intervals that approached unity. Therefore, the

possibility of a type 1 error cannot be excluded and a study of greater power is

required to confirm the strength of association. Various sources of bias may have also

arisen. Bias due to incomplete ascertainment of cases may have occurred as the study
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sample consisted entirely of hospitalised stroke survivors who were able to give

informed consenq and did not include patients with severe stroke or those who did not

present to hospital. Although this study controlled for many of the known

cerebrovascular risk factors, other potential risk factors such as alcohol intake and

markers of inflammation were not recorded and remain a potential source of

confounding bias. Furthermore, misclassifìcation of diabetes, hypertension and

hypercholesterolemia may have occurred as diagnosis was based on self-reported

history alone. The risk factor profile (excluding hypertension) for stroke patients was,

however, consistent with that previously reported.30 The limitations associated with the

OCSP classification system could have also led to misclassification of stroke subtype.

For example, the OCSP cannot differentiate between lacunar infarction (small vessel

disease) and striato-capsular infarction without cortical signs (large vessel disease).

However, the OCSP classification system has been validated, with concordance

between clinical subtype and brain neuro-imaging reported in 75Yo of cases.3r In the

present study, clinical subtype was made in conjunction with neuro-imaging, thus

further limiting this error. This study did not measure for the effects of population

stratification, which may have led to a spurious association. The distribution of the

TPA -735lClT genotype amongst controls, however, was similar to that reported in

another Caucasoid population from Sweden (CC-50.8%,CT-39.zyo. TT-10.0%).18

In conclusion, the results of this study suggest that impaired fibrinolysis plays a role in

pathogenesis of lacunar stroke and supports the hypothesis that the TPA -7351C17

polymorphism represents an inherited risk factor in a Caucasoid population.

Confirmation by a larger study is required, which may then provide a better means to

predict the risk of lacunar stroke.
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Table l: Demographic Characteristics and Prevalence of Risk Factors for Patients
with Ischemic Stroke and Controls

Controls
n ('/')

Cases
n (%)

Odds Ratio
(es% ct)

p
value

Age* (years)

Gender
Females

Males

Ethnic Origin
Caucasoid

Non-Caucasoid

Family History
No

Yes

Hypertension

No

Yes

Diabetes Mellitus
No

Yes

Smoking

No

Yes

Hypercholesterolemia

No

Yes

Atrial Fibrillation
No

Yes

Total

73.4 + 11.6 73.6 + 12 0.8

1.0 (0.7 - r.s) 0.9

6.7 (0.8 - 60.6) 0.0e

1.0 (0.7 - 1.s) 0.9s

1.3 (0.9 - 1.e) 0.2

t34 (4s)

167 (s5)

2ee (ee.7)

l (0.3)

201 (67)

100 (33)

164 (s4)

t37 (46)

268 (8e)

33 (ll)

27r (e0)

30 (10)

182 (60)

l le (40)

2er (e7)

r0 (3)

301

80 (44)

102 (s6)

178 (e8)

4 (2)

122 (67)

60 (33)

87 (48)

8s (s2)

137 (7s)

4s (2s)

t35 (74)

47 (26)

tt7 (64)

65 (36)

t4r (77)

4t (23)

182

2.7 (t.6 - 4.4)

3.1 (1.e - s.2)

8.s (4. r - t7 .4)

0.9 (0.6 - r.2) 0.4

<0.00
0l

<0.00
0l

<0.00
01

*Age expressed as a mean L I standard deviation
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Table 2.

Prevalence, odds ratios (OR), 957o confidence intervals (CI) and p values for the

TPA -7351 C/T polymorphism among patients with ischemic stroke and controls

Univariate Multivariate*

Genotype Controt n(Yo) Cases n(Vo) OR(95% CI) p OR(95% CI) p

CC 137 (46) 74 (4t) 1.0 1.0

CT 136 (4s) 83 (46) 1.1 (0.8-1.7) 0.s 1.2 (0.8-1.9) 0.3

2s (e) 23 (13) l.s (0.8-2.8) 0.2 l.e (1.01-3.6) 0.0
49

Total 301 (100) 180 (100)

*Risk factors considered include age, gender, ethnicity, family history, hypertension,

diabete s, smoking, hyperchole sler olemia and atrial fibr illation

Table 3.

Prevalence, odds ratios (OR), 957o confidence intervals (CI) and p values for the TPA -
7351 CIT polymorphism among patients with ischemic stroke stratified for stroke subtype

and controls

Control Lacunar Stroke Non-Lacunar Stroke*

Genotype n (V") n (%) OR (95% CD p n (" \ OR (95% CI) p

CC

CT

TT

Total

137 (46)

136 (45)

28 (e)

30r (100)

t7 (3e)

18 (41)

e (20)

44 (100)

1.0

1.1 (0.s -2.r) 0.e

2.6 (r.t - 6.4) 0.039

1.0

r.2 (0.8 - 1.8) 0.s

t.2 (0.6 -2.s) 0.6

s7 (42)

6s (48)

l4 (10)

136(100)

*stroke patients presentingwith either TACS, PACS and PCS
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