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ABSTRACT

ASSOCIATION OF THE CYP2E1, FMO3, NQO1, GST AND NOS3GENETIC
POLYMORPHISMS WITH ISCHEMIC STROKE RISK IN TURKISH
POPULATION

OZCELK, Aysun
Ph.D. Department of Biochemistry
Supervisor: Prof. Dr. Orhan ADALI

December 2011, 293 pages

Stroke, a major cause of death and disability, ascdbed as interruption or
severe reduction of blood flow in cerebral arteri@xidative stress plays an
important role in the pathogenesis of atheroscigrasd carotid atherosclerosis is a
risk factor for stroke. Combination of multiple é@mnmental and genetic risk factors
Is thought to increase susceptibility to the depeient of this disease. Therefore,
investigation of the polymorphisms of drug metakaly enzymes is of crucial
importance to determine the molecular etiologyhef disease. The main objective of
this study was to investigate the possible assooidbtetween polymorphisms of
enzymes causing oxidative stress (CYP2E1l, FMO3 BH@f3) and enzymes
protecting against oxidative stress (GST and NQGh the pathogenesis of
atherosclerosis and ischemic stroke risk.

The study population consisted of 245 unrelatetiestc stroke patients and
145 healthy control subjects. There was no stediltyi difference between the
patient and control groups in terms of age and eenHypertension, diabetes,
smoking and obesity were found to be at least Zgirmore common in stroke

patients than controls. While total-cholesteraglycceride and LDL-cholesterol level



were higher in stroke patients, HDL-cholesterolelewas lower in stroke patients
when compared to controls.

In the case-control analyses for the risk of isdleestroke, CYP2E1*5B mutant
allele, *5B was found to be associated with theeltlgyment of disease (Odds Ratio;
OR=7.876, 95%CI=1.025-60.52B=0.019). In addition, significant difference was
observed between stroke patients and controlsnegipect to CYP2E1*5B genotype
distribution (OR=0.869, 95%CI=1.044-62.33%50.017). On the other hand, in the
NQO1*2 polymorphism, together with NQO1 heterozyyo{*1*2), NQOL1
homozygote mutant (*2*2) genotype was found pravectgainst ischemic stroke
(OR=0.627, 95%CI=0.414-0.95®=0.027). The risk of hypertensive individuals
having stroke was highest in the FMO3 472GA gro@iR£6.110,P=0.000). In
diabetics, GSTP1 313AG genotype was found to béitpeest risk factor for stroke
(OR=3.808P=0.001). On the other hand, NQO1 *1*2 heterozygge@otype was
associated with 5 times increased risk for strokemokers (OR=5.00®=0.000). In
addition GSTM1 present genotype constituted 8 timeseased stroke risk in obese
individuals (OR=8.068,P=0.001). Logistic regression analysis revealed that
hypertension, diabetes mellitus, obesity and sngptiare significant risk factors for
stroke. On the other hand, HDL-cholesterol and raWQO1 *1*2 heterozygote

genotype were found to be protective factors againske.

Key words: Ischemic stroke, Turkish population, genetic podyphism, CYP2EL,
FMO3, NQO1, GSTM1, GSTP1, GSTT1, NOS3
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TURK POPULASYONUNDA CYP2E1, FMO3, NQO1, GST VE NOS3
GENETIK POLIMORFIiZMLER ININ iISKEMiK INME RiSKi ILE ILiSKiSI

OZCELK, Aysun
Doktora, Biyokimya Bolimu
Tez Yoneticisi: Prof. Dr. Orhan ADALI

Aralik 2011, 293ayfa

Onemli bir sakatlik ve 6lim nedeni olan inme, seakarterlerdeki kan akiminin
kesintisi ya dasiddetli bir sekilde azalmasi olarak tanimlanir. Karotid atereskt
inme icin 6nemli bir risk faktéridir ve oksidatiiras aterosklerozun patogenezinde
onemli bir rol oynar. Cgtli cevresel ve genetik risk faktorlerinin kombsyonunun
bu hastaliin gelsme yatkinlgini arttirdgi disunulmektedir. Bu nedenle ilag
metabolize eden enzimlerin polimorfizmlerinin ineeesi hastaiin molekdler
etiyolojisinin belirlenmesi agisindan 6nemitaaktadir. Bu cajmanin temel amaci,
oksidatif strese neden olan (CYP2E1l, FMO3 ve NO&S3)oksidatif strese kgr
koruyucu olan (GST ve NQO1L) enzimlerin polimorfianl ile aterosklerozun
patogenezi ve iskemik inme riski arasindaki olkgkileri incelemektir.

Calisma grubu, aralarinda akrabalik bulunmayan 245 igkeénme hastasi ve
145 sahkh kontrolden olgmustur. Ya ve cinsiyet acisindan hasta ve kontrol
gruplari arasinda anlamli bir fark yoktur. Hipegson, diyabet, sigara kullanimi ve
obeziteni inme hastalarinda kontrollerden en aat2lkha fazla oldiu goralmitar.
Kontrollerle kiyasland@ginda, inmeli hastalarda total kolesterol, triglisee LDL-

kolesterol seviyeleri yiksekken, HDL-kolesteroligegi ditik olarak bulunmgtur.
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Iskemik inme riski Uzerine yapilan hasta-kontrol liaivade, CYP2E1*5B
mutant aleli *5B hastalik riski ile gkili olarak bulunmutur (esitsizlik orani [Odds
Ratio]; OR=7.876, 95%CI|=1.025-60.52B=0.019). Bunun yaninda, CYP2E1*5B
genotip d&@ilimi acgisindan inme hastalari ve kontroller ardainemli bir fark
oldugu gozlenmitir (OR=0.869, 95%CI|=1.044-62.33%=0.017). Ote yandan
NQO1*2 polimorfizminde, NQO1 heterozigot (*1*2) W¢QO1 homozigot mutant
(*2*2) genotipleri birlikte iskemik inmeye kear koruyucu olarak bulunngtur
(OR=0.627, 95%CI=0.414-0.95®=0.027). Hipertansiyonlu bireylerin inme riski
FMO3 472GA grubunda en yiksek bulugtun (OR=6.110, P=0.000).
Diyabetiklerde GSTP1 313AG genotipi en yuksek figktort olarak bulunmgur
(OR=3.808 P=0.001). Dger taraftan NQO1l *1*2 heterozigot genotipi sigara
icenlerde inme riski ile 5 kat daha fazlakili bulunmustur (OR=5.000,P=0.000).
Buna ek olarak GSTM1 present genotipi obez insdald@ kat yiksek inme riski
teskil etmektedir (OR=8.068P=0.001). Lojistik regresyon analizi hipertansiyon,
diyabet, obezite ve sigara icmenin inme icin Onensk faktorleri oldgunu
gostermgtir. Ote yandan HDL-kolesterol ve NQO1 *1*2 hetegmt genotipi
inmeye kagi koruyucu faktorler olarak bulunngtur.

Anahtar kelimeler: Iskemik inme, Turk populasyonu, genetik polimorfizm,
CYP2E1, FMO3, NQO1, GSTM1, GSTP1, GSTT1, NOS3
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CHAPTER 1

INTRODUCTION

1.1 Stroke

Stroke is the term employed to describe the aceteatogical and irreversible
manifestations of cerebrovascular disease whichltré&®m interruptions to blood
flow in the brain. Brain tissue depends for itsvétal on a continuous flow of blood
providing it with oxygen and glucose and other esaénutrients. The blood supply
is obtained from four main vessels, the right aftidarotid arteries at the side of the
throat and the two vertebral arteries which runthmough the bones in the neck.
These two pairs of major blood vessels, linked bhg tnterior and posterior
communicating arteries, converge on the lower serf# the brain. From this point,
blood is transported through the brain via netwairbranch arteries. Arteries in the
brain can be blocked by:

- the local development of clots,

- the formation of deposits on the artery walls etthharrow the channel until it is

completely closed,

- the lodging of emboli,

- thromboses formed elsewhere in the circulatostesy following a heart attack, or
during or after surgery for example, which are u@db pass through the narrowed

tubes.



Weakness or numbness of face, arm or leg is thé ommsmon symptom of
stroke. Other symptoms include confusion, diffigufpeaking or understanding
speech, difficulty seeing with one or both eye#fialilty walking, dizziness, loss of
balance or coordination; severe headache with nowkncause; fainting or
unconsciousness. The effects of a stroke depeneharn part of the brain is injured
and how severely it is affected. A very severek&rcan cause sudden death.

The incidence of stroke is heavily age-related. Sfi%ll strokes are in over the
age of 75. Although stroke is perceived to be aatie of the elderly, it can occur at
any age. Stroke is the third leading cause of deatiidwide after coronary heart
disease and other cardiovascular diseases, acgaiworld Health Organization
reports. Annually, 15 million people worldwide seiffa stroke. Of these, 5 million
die and another 5 million are left permanently disd, placing a burden on family

and community.

1.1.1 Classification of Stroke

Stroke is a heterogenous disorder and accurateegmdducible definitions and
classifications are essential for risk factors msidDifferent stroke subtypes and
phenotypes have different pathogenic mechanismsaanghderstanding of these is
essential in planning and interpreting candidateegetudies. A pathophysiological
classification of stroke is shown in Table 1.1. sTHivides stroke into its two main
subtypes of ischemic stroke and hemorrhagic strakd, subdivides each of these
(Warlowet al., 2003).



Table 1. 1Pathophysiological classification of stroke.

STROKE

ISCHEMIC STROKE HEMORRHAGIC STROKE

*Large artery *Primary subarachnoid hemorrhage
*Cardioembolic *Primary intracerebral hemorrhage

*Lacunar (small vessel disease)

1.1.1.1 Ischemic Stroke

Ischemic stroke accounts for about 87 percent btades. Ischemic strokes
occur as a result of an obstruction within a bleedsel supplying blood to the brain
(Figure 1.1). The underlying condition for this &pf obstruction is the development
of fatty deposits lining the vessel walls. This dition is called atherosclerosis.

Figure 1. 1lIschemic stroke occurs when a blood clot blockshkioed flow in an

artery within the brain. (Taken from http://www.cdov/stroke/types_of stroke.htm)

3



Many different symptoms can occur, depending onciwvipart of the brain is
deprived of blood and oxygen. When the arteries tranch from the internal
carotid artery are affected, blindness in one ey@boormal sensations and weakness
in one arm or leg or on one side of the body arestrmommon. When the arteries that
branch from the vertebral arteries in the backheflirain are affected, dizziness and
vertigo, double vision, and generalized weaknedsott sides of the body are more
common. Many other symptoms, such as difficultgpeaking (for example, slurred

speech) and loss of coordination, can occur.

1.1.1.2 Hemorrhagic Stroke

Hemorrhagic stroke accounts for about 13 percestroke cases. It results from
a weakened vessel that ruptures and bleeds inteutiieunding brain (Figure 1.2).
The blood accumulates and compresses the surrgubdam tissue. The two types
of hemorrhagic strokes are intracerebral hemorrioageibarachnoid hemorrhage.

Figure 1. 2Hemorrhagic stroke occurs when a blood vessetdwishin the brain.

(Taken from http://www.cdc.gov/stroke/types_of k&p



Intracerebral hemorrhage is the most common typ&ewhorrhagic stroke. It
occurs when an artery in the brain bursts, floodigsurrounding tissue with blood.
Subarachnoid hemorrhage is bleeding in the areaekeet the brain and the thin

tissues that cover it.

1.1.2 Risk factors for stroke

The risk factors of stroke can be classified wiéspect to subtype of stroke,
modifiability of risk factor and scientific certainof relation between risk factor and
stroke. The risk factors of stroke are given in [€ab.2. Hypertension has been
defined as the major risk factor of ischemic strok&3%), followed by
hypercholesterolemia (37%), diabetes mellitus (35%€hemic heart disease (23%),
atrial fibrillation (20%) and smoking (17%) in Tusk population (Kumrakt al.,
1998).

1.1.2.1 Certain Risk Factors of Stroke

1.1.2.1.Non-modifiable Risk Factors

Age is important risk factor for stroke. Accorditm study conducted by Wolfe
(2000) the incidence of stroke approximately dosibéth each successive decade
over the age of 55 years. Another study reported $troke was highly seen in
people aged 65 years and older (McGrugteal., 2004). There is lots of evidence
that parental history of stroke (Fiebaattal., 1989; Haheinet al., 1993; Welinet al.,
1987; Kielyet al., 1993) especially maternal history of stroke (MWet al., 1987) is

an important factor for stroke. Blacks have highsks of hypertension, diabetes and



Table 1. 2Risk factors of stroke.

o B- Uncertain Risk Factors of
A- Certain Risk Factors of Stroke

Stroke
Non-modifiable Risk Factors *Geographic location
*Age *Socioeconomic factors
*Heredity and Race *Alcohol abuse

*Sex (gender)
*Prior stroke
*Transient ischemic attacks
(TIA)
or heart attack
Modifiable Risk Factors
*High blood pressure
*Cigarette smoking
*Diabetes mellitus
*Carotid or other artery
disease
*Atrial fibrillation
*Other heart disease
*Sickle cell disease
*High blood cholesterol
*Poor diet
*Physical activity
*Obesity




obesity. For this reason, when compared to Cautgsiafricans and Americans
have a much higher risk of death from stroke. Mgénder is an important
determinant of stroke. In most age groups, strokeleénce was higher in men than
women (Alteret al., 1986; Boysemt al., 1988; Michelet al., 2010). However, more
than half of total stroke deaths occur in womenot Mnly hormone dependent
mechanisms but also hormone independent mechamsatect women against
cerebrovascular disease. Liu aetdal., (2009) reported that estrogen enhances
vasodilatation, improves endothelial dysfunctiord ancreases blood flow after
vascular occlusion. In addition estrogen inhibitstglet adherence and aggregation
(Feuringet al., 2002). Furthermore transient ischemic attack {MAas reported that
an important risk factor especially for ischemicoké (Gandolfoet al., 1988;
Harmseret al., 2006; Morteet al., 2008).

1.1.2.1.Modifiable Risk Factors

Many modifiable risk factors for stroke such as éagension, cigarette smoking,
diabetes mellitus, etc. have been identified. Ona@® most important risk factor of
stroke is hypertension which is a serious conditiozt leads to health problems
namely coronary heart disease, heart failure arokest Furthermore, hypertension
was found to be a major risk factor both hemorrbagid ischemic stroke (Fiebaeth
al., 1989; Jamrozilet al., 1994; Can Demirdien et al., 2008; Can Demirdiien et
al., 2009, Turkanglu et al., 2010). In the literature cigarette smoking wasven to
be related with stroke independently from hypeitemand other risk factors (Wolf
et al., 1988). On the other hand some authors showéxttdia as a strong risk factor
of stroke (Bell, 1994; Stegmayr and Asplund, 1996ldsteinet al., 2001).



1.1.2.2 Uncertain Risk Factors of Stroke

Geographic location, socioeconomic factors andraltabuse are considered as
uncertain risk factors of stroke. Although strokerbidity and mortality due to
geographic differences have been reported in sdodies (Takeyeaet al., 1984;
Malmgrenet al., 1987; Feinleibet al., 1993) nature of these differences as risk

factors is controversial and uncleatr.

1.2 Free Radicals and Oxidative Stress

Free radicals are atoms, molecules, or parts obcntés possessing unpaired
electrons (Karlsson, 1997). They are highly re&ctmd capable of initiating and
participating in chain free radical reactions. inltigical systems, free radicals and
reactive non-radical species are constantly geedr&tree radicals and reactive non-
radical species containing oxygen are traditionalgnoted as reactive oxygen
species (ROS). ROS include superoxide aniof)(@Gydrogen peroxide (#D,) and
hydroxyl radical (HO.) (Chiou and Tzeng, 2000). &ugxide can directly affect the
function of ion channels in vascular endotheliumd asascular dysfunction is a
distinguishing feature of many diseases, includiogpnary heart disease, stroke, and
diabetes (Brzezinsket al., 2005).Although hydrogen peroxide is poorly reactive at
physiological levels, it can affect some enzymelse Tonversion of low-reactive
oxygen intermediates to high-reactive species regusome transition metal ions,
especially iron. Hydrogen peroxide reacts with then and produces hydroxyl
radical, which can damage every organic molecujg-dnton’s reaction. In tissues,
auto-oxidation of tissue component and some enzgmedctions form free radicals.
Radical overproduction may originate from a sustdimactivation of NADPH
oxidase complex in leukocyte cytoplasmic membraniecmn mitochondrial electron

transport chain. Radicals are considered mediaibrsellular injury in ischemia,



inflammation, acute hypertension, traumatic bramjury, diabetes, atherosclerosis,
rheumatoid arthritis (Popaat al., 2003).

Normally, there is equilibrium between ROS generatand the antioxidant
capacity of the organism in the biological system#hen the radical formation
reaches to high levels, the antioxidant capacity beinadequate to compensate for
the increase in ROS. The condition occurring whiea physiological balance
between oxidants and antioxidants is disruptedaworf of the former with the
potential damage for the organism is called asaikid stress (Sies, 1985). As a
result of this condition, oxidative damage, accuatiah of toxic end products and
development of pathological states could be obserg@xidative stress plays a
pivotal role in the pathogenesis of atherosclerttss is the main cause of a group of
cardiovascular diseases (Harrisairal., 2003; Singh and Jialal, 2006; Tavetial.,
2009).

1.3 Atherosclerosis

Atherosclerosis is a progressive disease charaetktvy the accumulation of
cholesterol deposits in arteries (Figure 1.3).Ha arterial wall, certain cell type
proliferation, gradually influence on the vessein&n and reduce blood flow, is
observed due to cholesterol deposition. These riesare called as fatty streak
lesions. When lesions grow enough to significargyuce the blood flow through an

artery, myocardial infarction or stroke occur.
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blood

flow

Figure 1. 3A normal artery with normal blood flow and an ayteontaining plaque
build up (atherosclerosis). (Taken from http://wiwealth.com/health/library)

Age, gender, hypertension, diabetes, cigarette srgade important risk factors
of atherosclerosis and these risk factors are agedcwith an increased production
of ROS (Antoniadest al., 2003). Reactive oxygen species affect the vascul
function via several mechanisms. These mechanism$e summarized as follows.
Firstly, ROS directly react with cell membranes anatlei and damage to them. In
the other mechanism, ROS interact with endogenaseactive mediators formed in
endothelial cells by this way ROS regulate vasoomotind atherogenic process. In
the third mechanism given in Figure 1.4, ROS prevek oxidative modification
from low density lipoprotein (LDL) to oxidized lodensity lipoprotein (ox-LDL) by
peroxidizing lipid components. Circulating monos/temigration to the
subendothelial space is stimulated by ox-LDL arsth @auses endothelial cell injury.
The modified LDL is taken up by macrophages whiehdme foam cells, leading to

the formation of atherosclerotic plaque (Bonomiral., 2008).
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Figure 1. 4Oxidative stress in atherosclerosis. An increadeeef radical production

is associated with atherosclerosis (Taken from Bona et al., 2008).

Ox-LDL is an important mediator for atherosclerosighere are different
biological effects of ox-LDL such as inhibition ehdothelial nitric oxide synthase,
promotion of vasoconstriction and adhesion, stitmaof cytokines and increase
platelet aggregation (Jialal and Grundy, 1992; Kaal., 2001; Stocker and Keaney,
2001; Keaney, 2005; Madamanchki al., 2005). Native form of LDL is not
atherogenic. LDL receptors do not recognize modifi®L (ox-LDL), but ox-LDL
is taken up by the scavenger receptor pathway tropaages leading to appreciable
cholesterol ester accumulation and foam cell foilwna{Witzum and Steinberg,
1991). Foam cell formation is considered as thdiaimg step to develop

atherosclerotic plaque.
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1.4 Xenobiotic Metabolism

Xenobiotic metabolism is the group of metabolichpatys that modify the
chemical structure of xenobiotics, which are commusuforeign to an organism's
normal biochemistry, such as drugs and poisons.yManobiotics are lipophilic so
their excretion from the body is difficult. As astdt of this they have to be
metabolized into more hydrophilic compounds befibiey can be eliminated from
the body. This biotransformation or metabolismiigdid into three phases (Figure
1.5).

Electrophiles

Lipophilic R—R R=0 —————>» R-5G
h Glutathione

0 =
Orxidation conjugation
Hydrophilic
R Phase | Phasell
Hydralysis _
Riduc:iron Sulfation R-SO;H
R-OH R-SH R-NH, Acetylation R-Ac

Nucleophiles @~ ——» R-Gl

Glucuronidation

Figure 1. 5Phase | and Phase Il of the metabolism of a ligmpkenobiotic (Taken
from http://en.wikipedia.org/wiki/Xenobiotic_metdizm).

The phase | reactions convert xenobiotics to mohentcally reactive
compound by the action of oxidation, reduction dmdirolysis reactions and by

insertion of -OH, -NH, -SH or —-COOH groups. The phase | enzymes inaaialy
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cytochrome P450s (CYP450s), flavin-containing moygenases (FMOSs),

cyclooxygenases (COXs), monoamine oxidases (MAOs) @poxide hydrolases
(EHs). After phase | reactions, the modified commbwndergoes a conjugation
reaction like glucuronidation, sulfation and acetyln in phase Il reactions that
increase the water solubility of the compounds mgkhem more easily excreted.
The phase Il reactions carried out by glutathiongaBSsferases (GSTs), UDP
glucuronosyltransferases (UGTs), N-acetyltranstsag¢NATs), sulfotransferases
(SULTSs), etc. After then in phase lll, the conjweghixenobiotics are pumped out of
cells by efflux transporters.

Most of the chemicals need metabolic activation filyase | xenobiotic
metabolizing enzymes in order to make DNA addulctd tesult in DNA damage.
Furthermore some phase | enzymes play a role irgémeration of ROS. On the
other hand, especially phase Il enzymes are impionathe detoxification of these
activated metabolites of phase | reactions as alprotection against oxidative
stress caused by carcinogen exposure or phaseabatism. Phase | and phase Il
enzymes are known to be polymorphic. Furthermdrshould be considered that
polymorphisms may alter enzyme activity for thisgen production or elimination
of ROS may increase or decrease.

1.5 Genetic Polymorphisms

Genetic polymorphism is a difference in DNA sequer@nong individuals,
groups or populations. Genetic polymorphisms can classified according to
functionality namely functional and non-functionmdlymorphisms and according to
structure namely insertion/deletion, varying numbietiandem repeats (VNTR), copy
number variations (CNV), epigenetic variations bé thuman genome like DNA
methylations, microRNA regulations and single natiie polymorphism (SNP).
Genetic polymorphisms may be the result of chanmoegsses, or may have been
induced by external agents such as viruses ortragiaGenetic mutations are also
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known as differences in DNA sequence but mutatamesfound in an individual that
are rare, and may be unique to the individual. K dontrary polymorphisms are

found in many individuals.

1.5.1 Insertion Deletion Polymorphism

Addition of one or more nucleotides into the DNAadaslled as an insertion.
Insertions in the coding region of a gene may apdicing of the mRNA, or cause a
shift in the reading frame, both of which can diigantly alter the gene product.
Conversely deletions remove one or more nucleotifesn the DNA. Like
insertions, deletions can alter the reading fraféhe gene. For example GSTM1
and GSTT1 isoforms have deletion polymorphism tbatises lack of enzyme

activity.

1.5.2 Variable Number of Tandem Repeats (VNTRS)

Tandem repeats are short lengths of DNA that greated multiple times within
a gene. These sequences are also called variablbenuandem repeats because
different individuals within a population may hadéferent numbers of repeats.
There are two families of VNTRs namely microsatedlj repeats of sequences less
than about 5 base pairs in length, and minisas|litepeats of sequences more than

about 5 base pairs in length.
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1.5.3 Single Nucleotide Polymorphisms (SNPs)

Single nucleotide polymorphism is a single basessuiion with a frequency of
more than 1% in at least one population. SNPstaertost simple form and most
common source of genetic polymorphism in the hugemome. There are two types
of nucleotide base substitutions resulting in SNPBe first one is transition
substitution that occurs between purines (aderjoanine) or between pyrimidines
(cytosine, thymine). The second type is transvarsigbstitution that occurs between
a purine and a pyrimidine base.

SNPs may found within coding sequences of genescoding regions of genes
or in the intergenic regions. Coding region SNPsyrhave two effects namely
synonymous and non- synonymous on the producedeiprotSynonymous
substitution does not change the amino acid seguehcthe produced protein.
Therefore this type of substitution is also callead a silent mutation. Non-
synonymous substitution results in an alterationhef encoded amino acid. A non-
synonymous polymorphism change may be either mégsewhich results in a
different amino acid, or nonsense, which results ipremature stop codon. SNPs
may also occur in regulatory regions of genes. &l8$Ps can change the amount or

timing of a protein’s production.

1.6 Genetic Studies on Stroke

Although the underlying molecular basis of gendéictors remains uncertain,
studies reported that they appear to be importantultifactorial stroke pathogenesis
(Flossmanret al., 2004; Jerrard-Dunnet al., 2003). Recently, a lot of studies that
investigate the association between stroke andtigenariation of the DNA have
been published (Nowak-Go#t al., 1999; Chowdhurgt al., 2001; Zeeet al., 2004;
Bergeret al., 2007; Can Demirdienet al., 2008; Shiet al., 2008; Can Demirdiien
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et al., 2009; Turkanglu et al., 2010). Numerous polymorphisms in stroke havenbee
determined as a consequence of rapid and cheapetygeng technologies.

Studies that attempt to identify genetic variah@t influence disease or phenotypic
traits can be divided into two categories; linkagalysis studies, and association

studies.

1.6.1 Linkage Studies

Linkage studies rely on the co-segregation of Ingbedigrees. Recombination
between markers during meiosis occurs at a ratdecklto the distance between
them. Therefore a disease/trait allele will be mibd in families along with a
background section of the genome. By studying whggmomic sections are
commonly co-inherited with the disease/trait oknetst in a family, the location of
the variant of interest can be later refined (Dand Barrett, 2005). Linkage analysis
is generally ‘genome-wide’ or ‘chromosome-wide’ amly identifies large regions
of linkage, not specific genes or mutations. Thithod is most useful for variants
that have a large effect. Linkage studies also lhee limitations for late-onset
conditions such as stroke, since it is not necegsappropriate to assign young

people as unaffected, when they may go on to dpubldisease in the future.

1.6.2 Association Studies

Association studies compare the frequency of spedilA sequence variants in
groups of individuals in a case-control design.o&sgtion studies are more useful
for variants that are common, but have small eff¢Risch and Merikangas, 1996).
This method looks for an association between teeadie/trait and genetic variants in
the population (Cordell and Clayton, 2005). Assticia studies can be either of

candidate genes or genome-wide. Candidate geneestudquire background
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knowledge to inform the choice of genes to be sldihis decision may be based
on prior evidence of association or linkage in tbgion, but are often selected with
only tentative biological reasoning.

Association studies are powerful tools to idengBnetic risk factors for stroke.
Risch and Merikangas (1996) reported that assoaigtiudies have greater statistical
power to detect several genes of small effect. dfbee association studies
considered that they are more efficient than lirkagudies although they have
important methodological challenges. Selection ohtml group is the most
important challenge of association studies. Casecantrol groups must be chosen
in similar population. Because the prevalence omesopotential stroke risk
polymorphism varies between different ethnic groupbat's why ethnicity is
important to form case and control groups.

The other challenge of association studies is #lectdon of target genes and
sequence variants. The etiological roles of gemes idisease state provide the
selection of candidate genes. These genes mayld&eskfrom regions that have
been identified through genome wide scans. On therdiand target genes can be
chosen from among genes encode for specific potelated to disease process. The
types of polymorphism and its frequency in the papon are important criteria for

choosing specific polymorphism.

1.6.3 Genome-wide Association Studies

Genome-wide studies require no a priori expectaton which genes are
associated with the disease or trait of interebeyTusually involve genotyping of
single nucleotide polymorphisms (SNPs) from acribgsentire genome. Genome-
wide SNP chips have been developed that are egbpe-centric; include large
numbers of randomly selected SNPs from across ¢herge (Liet al., 2008). SNP
chips can now screen more than 1 million SNPs hadost of genotyping has been

rapidly decreasing, making genome-wide studies nadferdable. However SNP
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chips do not capture all genomic variation and tg#e approach may miss some
important genetic associations, demonstrating timtirued need for candidate gene

studies.

1.7 Features and Polymorphisms of Phase | Xenobiotic Mabolizing Enzymes

The first step in the metabolism of xenobioticduding drugs is the catalysis by
Phase | enzymes, mainly cytochrome P450s and flemamooxygenases (FMO)
(Adal and Aring, 1990; Aringt al., 1991; Arincet al., 1995; Adaliet al., 1996;
Adali et al., 1998; Adali, 1998; Halpertt al., 1998; Adaliet al., 1999; Can
Demird@en and Adali, 2005; Akseet al., 2009). Molecules oxygenated by Phase |
metabolism is usually conjugated with glucuronideetyl, sulfate or glutathione by

different families of Phase Il transferase enzymes.

1.7.1 Cytochrome P450s (CYP450s)

Cytochrome P450s are a super family of heme cantaimonooxygenases that
metabolize a large number of compounds includingoketics and endogenous
compounds. CYPs serve as a detoxification route amccontrast, a metabolic
activation route that yields free radicals incluglheactive oxygen species (ROS) and
reactive metabolites which initiate toxic and caogienic events (Lu and Levin,
1974; Nebert and Gonzales, 1987; Areb@l., 2000a; Aringet al., 2000b; Aringet
al., 2005; Aringet al., 2007). CYPs are located on the smooth endoptasgticulum
of cells throughout the body, but the highest catre¢ions are found in the liver.
The enzymes are divided into families based on amaitid sequence similarities,
and each family can be further separated into soibés, which are designated by
capital letters following the family designationge CYP3A). Individual enzymes
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are subsequently indicated by arabic numerals, (EYP3A4). An enzyme belongs
to a family when the amino acid sequence possasses than 40% homology,
enzymes with more than 55% homology form a subfamild individual enzymes
can have to 97% homology between the sequences(Nabd McKinnon, 1994,

Nelsonet al., 1996). All of P450s has the ability to bind aativate two atoms of

oxygen. The general reaction catalyzed by cytockrd®d50s is summarized in
Figure 1.6. This is an example of monooxygenateaction. The heme iron binds
two atoms of oxygen from the peroxide molecule. ©héhe two oxygen atoms is

incorporated into substrate while the other is cedito water.

(X00H) (XOH)
0,, 2¢,2H H,0O
\ /
\\h . -

R-H R-0OH

Figure 1. 6 P450 catalyzed reactions. R-H, substrate; R-Oldrdxylated product;
XOOH, peroxide (X=H or organic residue); XOH, hyxiytated by-product (Taken

from Anzenbacher and Anzenbacherova, 2001).

Rodriguez-Antona and Ingelman-Sundberg (2006) tedothat there are more
than 57 active P450 genes and 58 pseudogenes ianhiBome of the cytochrome
P450s is responsible for the synthesis of sterowmbnes, cholesterol, vitamin D
and bile acids, and the metabolism of prostaglandimd eicosanoids. On the other
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hand several families of cytochrome P450s (familie$) play a role in Phase |
reactions of xenobiotic metabolism. These enzymeese hinterindividual variation
due to genetic polymorphisms, environmental fa¢tgiysiological status and
disease state (Al Omari and Murry, 2007; Ulusbal., 2007a; Ulusowt al., 2007b).

1.7.1.1 Features of Cytochrome P4502E1 (CYP2E1)

CYP2E1, ethanol inducible form of cytochrome P450®s important
toxicological roles. The enzyme is localized maimythe liver but is also found in
extrahepatic tissues such as lung, kidney, braartrand bone marrow and induced
in the brain after ethanol treatment or ischemiaaliWér and Gustafsson, 1994;
Tindberget al., 1996). CYP2EL1 is responsible for metabolism hiwdctivation of
not only low molecular weight substances includiagetone, ethanol but also
procarcinogens such as benzene, styrene and Naudliroethylamine and drugs like
acetaminophen, halothane, isoflurane, chlorzoxazm phenacetin (Guengerich
and Shimada, 1991; Aringt al., 2000a; Aringet al., 2000b; Aringet al., 2007).
That's why CYP2E1 enzyme is considered as an impbriieterminant of human
susceptibility to toxicity and carcinogenicity ohdustrial and environmental
chemicals. In Figure 1.7, the metabolism of acetapinen by CYP2E1 and GST is
shown. Acetaminophen is converted to a highly reactjuinone metabolite by
CYP2E1 enzyme. This form of acetaminophen can medaactive oxygen species
and covalently bind to cellular nucleophiles such @RNA, RNA and proteins,
resulting in cell death. If P450 derived quinonetabelite is conjugated with
glutathione by GST enzymes, it is found in inacfimen. Therefore under conditions
of high levels of CYP2E1 and/or low levels of gliiane, the active metabolite can
bind to the cellular macromolecules resulting ixicay.

As mentioned above CYP2Elconverts a large numb&woimolecular weight
chemicals to reactive intermediates that can bincetlular macromolecules such as
DNA, RNA and protein causing cell damage, hepatinsl cirrhosis. During the

20



P450 catalytic cycle, P450s us€ flom NADPH to reduce © leading to the
production of HO, and superoxide anion radical (Figure 1.8). Thecgse of
uncoupling of the catalytic cycle can lead to escap Q. Therefore, CYP2E1
metabolism of a number of its substrates is knowitead to increased ROS (Caro
and Cederbaum, 2004).

—_— CO =—CH- CO—CH.
co CHn | 3 | Hq
HMN NH HN
1 2
- —_—
UDPGT ST
(@] OH CIJ
glucuronide acetaminophen sulphate

CYP 2E1, 3A4, 1AZ2
PHS (COX)

N—— CO —CHy

glutathione proteins
TOXICITY
]

CO —CHjy

HN

S = glutathione

OH

DETOXIFICATION

Figure 1.7 Metabolism of acetaminophen by CYP2E1 and GST démakom

Anzenbacher and Anzenbacherova, 2001).
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— Ethanol

Figure 1. 8 Schematic of the influence of CYP2EL1 in generatibROS and cell

toxicity (Taken from Gonzalez, 2005)

As can be seen from the Figure 1.8, expression YWPZE1 is induced by
ethanol. As a result of this, ROS production ingigdOH, O,, H,O; is elevated in
cell. Fatty acids can be subjected to peroxidaganing to reactive species that can
damage cellular macromolecules. Fatty acids cao bhés metabolized to ketone
bodies that can induce expression of CYP2E1 andnb&abolized by CYP2E1

leading to more ROS production. Therefore increaB€IS production causes

oxidative stress in the cell.
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1.7.1.2 Polymorphisms of CYP2E1

The humanCYP2E1 gene is located on 10g24.3-qgter. It has 18,7450nyg |
containing nine exons and eight introns. It produael93 amino acid protein. There
are six single nucleotide polymorphisms @YP2E1 gene. AmongCYP2E1l
polymorphisms, the most frequently studied onestheeCYP2E1*5B (Rsal/Pstl
RFLP; position:C-1053T/G-1293C) polymorphism lochie the 5'-flanking region
of the gene, which enhance the transcription amdease the level of CYP2E1
enzyme activity (Litet al., 2009; Hayashet al., 1991); andCYP2E1*6 (Dral RFLP;
position T7632A) polymorphism located in intron Befnatsuet al., 1991), which
was shown to lower ‘chlorzoxazone metabolic ratigaufroid et al., 2002), and
was correlated with single strand breaks in DNA dM&a et al., 2001). The other
important polymorphism of CYP2E1 gene is CYP2E1 (®lel RFLP, position G-
71T) polymorphism located in the promoter regiBairbrotheret al. (1998) reported
that this polymorphism may be associated with tkgression or regulation of the
gene. Several case-control studies have described thé&uemde of these
polymorphisms with increased risk for various cartgpes such as lung cancer, oral
cancer, urothelial cancer, childhood acute lympasint leukemia in different
populations (El Zeiret al., 1997; Wuet al., 1998; Farkert al., 1998; Liuet al.,
2001, Ulusoyet al., 2007a). According to study conducted by Salamna. (2002)
polymorphic *5B allele was found to be 2.5 timesregmsed risk factor for
atherosclerosis.
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1.7.2 Flavin Containing Monooxygenases (FMOSs)

1.7.2.1 Features of FMOs

The flavin containing monooxygenases (FMO, EC 1.348) are NADPH
dependent enzyme family that catalyzes the oxygemadf wide variety of
nucleophilic compounds containing sulfur, nitroggrphosphorus atoms (Table 1.3)
(Ziegler, 1988; Cashman, 1995; Adah al., 1999; Can Demirdiéen and Adall,
2005; Aktg et al., 2009). Trimethylamine (TMA), the simple dietatgrived
aliphatic amine, is rapidly absorbed and metabdliag liver FMOs to N-oxide. In
the human population, this major route of TMA meiam is subject to genetic
polymorphism. In the case of mutation the capatotyxidize TMA to TMA N-
oxide is diminished in the liver. Affected individis excrete excessive amounts of
free TMA in their urine, breath and sweat, whicliniéxs a bad odor reminiscent of
rooting fish characteristic of the associated disortrimethylaminuria (TMAU) or
fish odor syndrome.

Six isoforms of FMOs are found in human but onlyefof them are functional.
The sixth FMO gene was found to be pseudogene ¢Hinal., 2002). Each FMO
isoform has different substrate specificity, butoaigy the family member they show
overlapping substrate specificity. The FMO1, FM@GAMO3, FMO4 and FMOG6
genes are located around a 250 kb cluster at clsom® locus 1923-24 (Shephatd
al., 1993; Hernandezt al., 2004). The FMO5 gene is separately mapped to
chromosome 1921 (McCombet al., 1996). FMO3 is functional form expressed in
human liver and FMO3 gene consists of eight codind one noncoding exons that
translate into a protein with 531 amino acids (Loehal., 1992; Philipst al., 1995;
Dolphinet al., 1997).

Eswaramoorthy and colleagues (2006) have beenndetedl the structure of
FMO of the yeastSchizosaccharomyces pombe (Figure 1.9). The protein has two
structural domains namely big and small domain.r&he a channel between two
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domains. While FAD only interacts with big domaMADPH binds to the small

domain by means of its adenine group.

Table 1. 3Substrates for FMO (Adapted from Hodgson et &951 Ziegler, 1988,
and Poulsen, 1981).

Chemical Class Examples

Nitroge n-Containing Organics
Primary amines n-Octylamine
Secondary amines

Acyilic N-Methylaniine, Disipramine

Cyclic Desmethyitrifiuperazine, Perazine
Tertiary amines

Acyilic Chloropromazine, Imipramine

Benzphetamine, Tamoxifen

Cyclic Nicotine, Morphine, Cocaine, Atrogi
Hydroxylamines N-Hydroxyaminoazobenzene
Hydrazines

Monosubstituted Methylhydrazine, Phenyibyihe

Disubstituted (1,1) 1,1-Dimethylhydrazihe Aminopyrrolidine

Disubstituted (1,2) 1,2-DimethylhydraziRepcarbazine
Sulfur-Containing Organics
Thiols Dithiothreitol, Cysteamine, Glutathione

T -Mercaptoethanol, Cysteine

Sulfides Phorate, Aldicarb, Cimetidine, Ranitidine
Disulfides Butyl disulide, o-Dithiane
Thiocarbamides, etc Thiourea, Methimazole
Dithioacids and Dithiocarbanates Thioacetamide

Mercaptopurines and Mercaptopyrimidines  Dithiobeteoa
Phosphorus-Containing Organics

Phosphines Diethylphenylphosphine
Phosphonothioates Fonofos
Selenium-Containing Organics 2-Selenylbenzaniide
Boronic Acids

Inorganics HS, S, I, 10, I, CNS
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Figure 1.9 Structure of FMO of Schizosaccharomyces pombe. ®ilsbpresentation

Big domain

FAD binding
sequence

of the protein and ball-and-stick model of FAD. ®imnd—turn—helix motifs and the
loop interlinking the two domains are labeled. F&Dn the large domain and has no

interaction with the small domain (Taken from Esavaoorthyet al., 2006).

The catalytic cycle of FMO is depicted in Figureld.. FAD undergoes 2-
electron reduction by NADPH in the first step oé tbatalytic cycle. In the second
step reduced FAD (FADH accepts molecular oxygen to generate peroxyflavin
(FADOOH) and it is waiting for a suitable nucledphin this state. When a suitable
substrate binds to the FADOOH-protein complex, dmabf molecular oxygen is
transferred to the substrate and substrate becomggenated (SO) and 1 atom of
molecular oxygen is used to form water. In the abseof an oxidisable substrate,

the FADOOH intermediate decomposes, yieldin@®H
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Figure 1. 10Catalytic cycle of flavin-containing monooxygenagb). FAD reduced
by NADPH (fast). (2) FADH reacts with @(fast). Flavin-hydroperoxide is stable:
thought to be the form of in which FMO exists i ttell. (3) FAD-OOH reacts with
any suitable nucleophile gaining access to aciiee Bo substrate binding required.
(4) One atom of @is incorporated into substrate and the other HgO-FMO is a
monooxygenase. (5) FAD-OH is converted to FAD dkease of KO (slowest step
in the cycle). The final step in the cycle is tieéease of NADP(slow) (Taken from
Krueger and Williams, 2005).

Krueger and Williams (2005) says about reactivegexyspecies generation of
FMO that “The FMO must have evolved a mechanismrtdect nucleophilic sites
(e.g., methionine, cysteine) from oxidative attégkthe peroxyflavin. Furthermore,
the structural features of the FAD pocket must besighed to minimize
uncoupling/leakage of reactive oxygen species fileerbreakdown of FADOOH. As
FMO is present at high concentrations in the eraplc reticulum of some tissues,
a significant production of superoxide anion rablioa hydrogen peroxide from
decomposition of the FADOOH would be detrimenté&gain Krueger and Williams
(2005) reported that formation of hydrogen peroxigeFMO has an important role

for controlling of the overall redox state of thalc
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1.7.2.2 Polymorphisms of FMO3

Fifteen nonsynonymous SNPs are identifieéFMiO3 gene. Most of these SNPs
have little or no effect on enzyme activity (Kruegand Williams, 2005;
Koukouritaki and Hines, 2005). For example Kouktakii et al., (2007) reported
that g.11177C>A (N61K) SNP decrease enzyme actiagginst four different
substrates dramatically. On the contrary Lattad al., (2003) shown that
0.21599T>C (L360P) SNP increases catalytic actioftfFfMO3 enzyme 2 to 5-fold.
However these SNPs have limited significance fergbneral population because of
their low frequency. The two most common SNPs vdatected in exons 4 and 7 of
FMO3 gene. The G472A found in exon 4 and leads amingd swbstitution from
glutamate (Glu) to lysine (Lys) at position 158.eThther mutation in exon 7 is
A923G which causes a replacement of Glu to gly¢@ky) at position 308. Some
studies showed that these two polymorphisms rede3 enzyme activity
(Cashman and Zhang, 2006; Koukouritaki and Hin€€)52 Lattardet al, 2003;
Shimizuet al., 2007).

1.8 Features and Polymorphisms of Phase Il Xenobiotic Etabolizing Enzymes

1.8.1 NAD(P)H:Quinone Oxidoreductase 1 (NQO1)

1.8.1.1 Features of NQO1

NAD(P)H:quinone oxidoreductase 1 (NQOL1) is a pHadetoxification enzyme
that catalyzes two electron reduction of variousiges utilizing NAD(P)H as an

electron donor. Transformation of quinones to hgdmones by NQO1 is an
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important cellular defense mechanism against oxeattress (Josepdt al., 2000).

NQOL1 is a homodimer and has a molecular weightbout 60 kDa. Each subunit
consists of two domains namely large catalytic domand smaller C-terminal
domain (Figure 1.11). The catalytic domain of eaohnomer contains two FAD

molecules.

Figure 1. 110verall structure of the human NQO1 homodimer. Fé&dbred in red.
(Taken from Asheet al., 2006).

NQO1 shows functions via ping-pong mechanism (Fgdr12). In this
mechanism NAD(P)H binds to NQO1 while it reduces BAD cofactor. And then it
is released to allow the quinone substrate to thiedenzyme and to be reduced. The
cofactor (NAD(P)H) and the substrate (quinone) pgcilne same site of NQO1, thus
providing a molecular basis for this ping-pong naatbm (Liet al., 1995).

29



QH, Eng NAD(P)H
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EnzH,
Q NAD(P)*

Figure 1. 12Ping-pong mechanism of NQO1 (Taken from Col@teai., 2008).

As mentioned earlier NQO1 reduces quinones to lgudnones in a single two
electron step and leads to the formation of moreemsoluble and, therefore more
easily excreted hydroquinone metabolite. Howevemanes have a broad chemical
class and sometimes two electron reduction by NQ@lds a more reactive
hydroquinone metabolite (Rossal., 2000). The reactive hydroquinone metabolites
may generate aggressive oxygen species or somedwdones may rearrange to
generate reactive alkylating agents. Therefore NQ@% a potential causing

oxidative stress through this mechanism (Figur&)1.1
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Figure 1. 13 Activation and deactivation resulting from NQO1ldraded reduction
of quinones (Taken from Rossal., 2000).

1.8.1.2 Polymorphisms of NQO1

NQO1 gene has two SNPs namely NQO1*2 and NQO1*3rpotphisms.
NQO1*3 polymorphism, also known as C465T, causebange the amino acid at
position 139 from arginine (Arg) to tryptophan (J.ripeveral studies reported that
NQO1*3 polymorphism leads to the deletion of exorard generates a protein
lacking the quinone binding site because of alteraanRNA splicing (Gasdasket
al.,1995; Paret al., 2002). However the frequency of NQO1*3 polymasph is
very low. It ranges between 0% and 5% in differpapulations (Gaediglkt al.,
1998; Eguchi-Ishimaet al., 2005).

The other polymorphism NQO1*2 is a single nuclestdhange from cytosine
(C) to thymine (T) at position 609 of the NQO1 cDNAding for a proline (Pro) to
serine (Ser) change at position 187 in the amimd stcucture of the protein. Kuehl
et al. (1995) reported that while 609TT mutant genotgpeises loss of enzyme
activity, heterozygote 609CT genotype nearly 3-folecreases enzyme activity.
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Therefore a mutation at this locus could increassceptibility of oxidative stress.
Several studies concluded that NQO1*2 polymorphisas an additive effect on
oxidative damage, so it has great significance dancer susceptibility and
chemoprotection (Riley and Workman, 1992; Sieggel., 1999). In addition Han et
al. (2009) showed that 609T allele has significartigher risk of carotid artery
plague development when compared to 609C allelgh&umore strong association
between lack of NQO1 activity and coronary headedse was shown in study
conducted by Martiret al. (2009). NQO1 609TT genotype frequency was found t
be higher in both Alzheimer and Parkinson’s disqegeents. These data suggesting
that NQO1*2 polymorphism was considered as a r@skdr for these diseases (Bian
et al., 2008; Shaet al., 2001). Numerous studies reported that thera @ssaociation
between 609T mutant allele and different kindsealkemia such as infant leukemia
(Smith et al., 2002; Wiemelst al., 1999), childhood acute lymphoblastic leukemia
(Krajinovic et al., 2002) and therapy treated leukemias (Laes@h., 1999).

1.8.2 Glutathione S-Transferases (GSTSs)

1.8.2.1 Features of GSTs

The glutathione S-transferases are major phasetokdication enzymes. GSTs
catalyze nucleophilic attack by reduced glutathiame nonpolar compounds that
contain an electrophilic carbon, nitrogen or sulpatom (Keen and Jakoby, 1978,
Armstrong, 1997, Hayest al., 2005), resulting in the formation of oxidized
glutathione (GSSG) (Figure 1.14).

GSTs are superfamily of polymorphic enzymes thatlgae detoxification of
metabolites produced by oxidative stress within ¢b# and they are induced by
reactive oxygen species (Hayes and Pulford, 19%fyebkkt al., 2005). Therefore,
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GSTs are considered as one of the defense sysgamsiathe damaging effects of
oxidative stress.

As mentioned previously in part 1.4 the enzymicogiication of xenobiotics
consists of three phases namely, phase |, phasellphase Ill. Phase | reactions are
catalyzed by cytochrome P-450 enzyme systems. &selh and phase Il reactions,
nonpolar xenobiotics are converted to more polanmmund and therefore less toxic
metabolite, which can be eliminated easily from ¢b# via phase Ill system (Figure
1.15). Phase Il enzymes catalyze the conjugatiomabivated xenobiotics to an
endogenous water soluble substrate, such as redyloggthione (GSH), UDP-
glucuronic acid or glycine. Quantitatively, conjtiga to GSH, which is catalyzed

by the GSTSs, is the major phase Il reaction in mspgcies.

GSH - M+ [GS]
Heduced

Glutathion Thiolat anion

.
Y

NO;

1-chloro-Z4-dinitrobenzene  ~ =

7GS. ¢ )
Y | &
_ L

1-(S-glutathionyl}-24-dinitrobenzene Mesenheimer Complex

Figure 1. 14General reaction catalyzed by GSTs.
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1.8.2.2 Polymorphisms of GSTs

Human GSTs are categorized into six main classesr@dicg to substrate
specificity, chemical affinity, structure, aminoidsequence and kinetic behavior of
the enzyme: GS® (Alpha), GSTp (Mu), GSTit (Pi), GSTO (Theta), GSTZ
(Zeta) and GST2 (Omega). The genes encoding the GST isoenzymed& Shd
GSTT1 have null alleles resulting from gene defetand the null genotypes of
GSTM1 and GSTT1 have reduced enzyme activity (Bmilah., 1998; Zhongt al.,
2006). In Caucasians GSTT1 and GSTM1 null genofsgouencies vary from 13%
to 26% and 42% to 60%, respectively (Gattal., 2001). Adeet al. (2004) reported
that in Turkish population the frequencies of GSTdl (17.3%) and GSTM1 null
genotypes (51.9%) are similar to Caucasian pomuatiGST polymorphisms have
been investigated in relation to various typesiséases, including diabetes mellitus,
hypertension, Parkinson’s disease, rheumatoidi@stnd particular types of cancer
(Yalinet al., 2007; Wangt al., 2006; Keladaat al., 2003; Parlet al., 2004; Singh
et al., 2008; Lewist al., 2002; Kentarat al., 2008) . GSTT1 present genotype was
found as a protective factor against type 2 diabatellitus in Chinese population
(Wanget al., 2006). On the other hand, in Turkish populat@®8,TT1 polymorphism
did not influence the risk of diabetes. In the sashedy, GSTM1 null genotype
frequency of diabetic patients was found to be iBantly higher than that of
control group (Yaliret al., 2007). Increased risk of hypertension has bésewed
in the GSTM1/GSTT1 double null genotypes or GSTMdl genotype (Kentaret
al., 2008). According to a recent study, compareth&éopresent genotypes, GSTT1
null and GSTM1 null genotype groups contained nadif more hypertensive stroke
patients (Turkanglu et al., 2010).

The GSTP1 gene polymorphism is a single nucleotide change fadlenine (A)
to guanine (G) at position 313 of the GSTP1 cDNAing for an isoleucine to valine
change at position 105 in the amino acid structdirdhe protein. The valine amino
acid results in decreased enzyme activity (Ali Osmaal., 1997). Zimniaket al.,
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(1994) reported that GSTP1 313G allele has greatatro activity toward 1-chloro-
2,4-dinitrobenzene (CDNB) which is a common sulbstcd GST isozymes. In male
Turkish population, the genotype frequencies of B5B13AA, 313AG and 313GG
were found as 58.7%, 35.3% and 6%, respectivelya@hdl., 2007). Several studies
showed that GSTP1 313GG mutant genotype has grémesst cancer risk
(Helzlsoueret al., 1998; Egaret al., 2004; Gudmundsdottat al., 2001). In addition
Vilar et al., (2007) reported that GSTP1 313G allele showgrificant association
with sporadic Parkinson’s disease. On the othed lzamtaret al., (2004) observed
that Alzheimer disease patients had higher frequesic GSTP1 313G mutant
genotype than controls. However they could not Bighificant association between
GSTP1 A313G alleles and susceptibility to Alzheimisease.

1.9 Features and Polymorphisms of Nitric Oxide Synthas@OS)

1.9.1 Features of NOS

Nitric oxide synthase (NOS) produces endogenouscrokide (NO) from the
amino acid L-arginine as shown in Figure 1.16. lanmmals, there are 3 distinct
genes that encode NOS isoenzymes namely neuroN@3nor NOS1), cytokine-
inducible (iNOS or NOS2) and endothelial (eNOS d38). The NOS3 gene is
conserved through evolution, consists of 26 expassing 21 kilobase, and encodes
an enzyme that generates NO in the vascular endothe
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Figure 1.16Reaction catalyzed by nitric oxide synthase (N&&yme.

There are N-terminal oxygenase domain includingglsin heme and
tetrahydrobiopterin (B binding sites and C-terminal reductase domaituding
single binding sites for flavin adenine dinucleetiFAD), flavin mononucleotide
(FMN) and NADPH, and a calmodulin (CaM) bindingestietween the oxygenase
and reductase domains in the structure of NOS3 meazyFigure 1.17 A).
Homodimerization of NOS3 enzyme is required fordation of L-arginine (Figure
1.17 B). The transfer of electrons from NADPH, FARd FMN in the reductase
domain of one monomer continues toward the hemeadomf the other and is
facilitated by calcium bound CaM. The ferric hemeiety accepts electrons to
perform two step catalysis hydroxylation of L-aig@ to generate N-hydroxy-L-

arginine and its oxidation to L-citrulline and NO.
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Arg Fe BH, FMN  FAD NADPH —COOH

Oxygenase domain Reductase domain

Figure 1. 17A) Monomeric structure of NOS3 enzynt®) Dimerization of NOS3
demonstrating the proximity of flavin groups (rethse domain) of one dimer to the
oxygenase domain of the other dimer (Taken fromk€ebal., 2007).

Nitric oxide (NO) is an uncharged diatomic gas andgotent regulator of
vasomotor tone and peripheral resistance. Studiesved that NO has various
effects such as vasodilatation, inhibition of dietteadherence and aggregation,
suppression of smooth muscle proliferation, andicedn of adherence of leucocytes
to the endothelium (Cooke and Dzau, 1997; Moncadd ldiggs, 1993, 2000;
Radomski and Salas, 1995). Wilcek al. (1997) reported that reduction in the
activity of vascular NOS3 enzyme impairs endothehdependent vasodilatation in
atherosclerotic vessels. According to study coretidty Willmot et al. (2005)
extended ischemic area and reduction of blood floywpenumbra was observed in
NOS3 deficient transgenic mice. Because of thesgackeristics, varieties in the
NOS3 gene have been considered to contribute to thelo@went of ischemic

stroke.
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Under physiological conditions NOS3 produces NQ tkacts with superoxide
(Oy) radical produced by mitochondria and membranenooxidase system like
xanthine oxidase (XO) to form peroxynitrite (ONQOAt low concentrations
ONOO causes vasorelaxation, decreases platelet aggmegatduces leukocyte
adhesion to the vessel wall like NO (Figure 1.0M@gyeret al., 1998).

mitechondria

AR
ONOO- NO

S

vasorelaxing
decreases leukocyte adhesion
decreases platelet aggregation

Figure 1. 18Functions of NO under physiological conditions K&a from Weveset
al., 1998).

In the atherosclerosis condition NOS3 produces NSs On the other hand
superoxide formation is increased by both NOS3>X@denzymes and also NADPH
oxidases (Figure 1.19). Furthermore myeloperoxislgd¢PO) and lipooxygenase
(lipox) produce more superoxide in this case. WR@S82 is induced, the production
of NO and superoxide is increased by NOS2. As altred this situation high
concentrations of peroxynitrite (ONOOwhich has been associated with cellular

toxicity may be observed in the cell (Wewtal., 1998).
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Figure 1.19 Formation of high concentrations of peroxynitrit©NOO) in

atherosclerosis condition (Taken from Wegeal., 1998).

1.9.2 Polymorphisms of NOS3

Several SNPs have been identified in the promabeons, and introns of the
NOS3 gene. G894T in exon 7 of tiMOS3 gene leads to a change of Glu to Asp at
site 298. It has been demonstrated that this palgimem alters NOS3 activity and
may be associated with a reduction in the basaph@uction (Tesauret al., 2000).
The mutant T allele was reported to be associatddhypertension, coronary artery
disease (CAD) (Hingorart al., 1999), stroke (Hassa al., 2004), and the number
of stenotic vessels. AnothédOS3 gene polymorphism, T-786C located in the
promoter region of th&lOS3 gene, results from replacement of a thymidine by a
cytosine at nucleotide —786. It was reported tihat T-786C polymorphism may
changeNOS3 gene expression and result in a significant redngh the NOS3 gene
promoter activity (Nakayamat al., 1999). The T-786C polymorphism was also
demonstrated to be associated with an increaselispoesition to CAD in Chileans
and Koreans (Jaramilet al., 2008; Kimet al., 2007), to ischemic stroke in young
black women (Howardet al., 2005), to coronary spasm in Japanese, and to
myocardial infarction (MI) in Koreans (Nakayaraiaal., 1999; Jcet al., 2006), but
not to increase the predisposition to Ml and CAther Caucasians (Poirietral.,
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1999; Granathet al., 2001). The otheNOS3 gene polymorphism is the variable
number of tandem repeat (VNTR) polymorphism locatedintron 4 of NOS3
(eNOS4b/a polymorphism) which is significantly adated with plasma NO
concentration. In repeats of a 27-bp consensusesequ there are two alleles, a
common large allele and a smaller allele. The largkele (eNOS4b allele),
designated “b-insertion” has five tandem repeats| the smaller allele (eNOS4a
allele) “a-deletion” has four repeats. It has beeported that eNOS4 VNTR
polymorphism may be responsible for plasma nitxkede levels (Tsukada&t al.,
1998).

1.10Aim of The Study

Stroke is the third leading cause of death behieddiseases of heart and cancer
and causes more serious chronic disabilities tingnother diseases. Atherosclerosis
which causes thickening and hardening of the vasauéll due to plaque deposition
in the inner lining of the arteries is a major @o$ stroke. Oxidative stress plays an
important role in the pathogenesis of atheroscigrasd carotid atherosclerosis is a
risk factor for stroke.

The condition occurring when the physiological baka between oxidants and
antioxidants is disrupted in favor of the formerttwipotential damage for the
organism is called as oxidative stress. In primgipixidative stress can be caused by
increased production of free radicals or diminishatoxidants. The tissue level of
antioxidants critically influences susceptibility warious tissues to oxidative stress.
Enhanced oxidative stress and oxidative damagéssaes are general features of
some chronic diseases such as Alzheimer diseaskingtm’'s disease, cancer,
atherosclerosis and diabetes mellitus (Yoritakal., 1996, Berlett and Stadtman,
1997, Beal, 2002).

In the present study, we studied polymorphismsnaymes (CYP2E1, FMO3
and NOS3) causing oxidative stress and enzymes (&®I NQO1) protecting
against oxidative stress which is important facior the pathogenesis of
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atherosclerosis. The main objective of this studg wo determine the usefulness of
genetic polymorphisms as biomarkers for the deteatron of susceptibility to
ischemic stroke in Turkish population. To achielwis fim, this study is designed to
follow the steps given below:

* obtaining total blood and serum samples from isghestroke patients and
healthy controls,

* jsolation of genomic DNA in intact form from blosamples,

* amplification of three regions @YP2E1L, two regions oFMO3, one region
of NQOL, three regions d&ST and three regions ®§OS3 genes by PCR,

* digestion of the amplified fragments with restocti endonucleases to
determine the genotype of each individual,

* comparison of vascular risk factors and genotype allele frequencies
between ischemic stroke and control groups,

* comparison of genotype and allele frequenciesveeh subgroups of
patients and controls defined by age, gender, aeskpce of one of the risk factors,

using statistical methods, in order to determisk factors for ischemic stroke.
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CHAPTER 2

MATERIALS AND METHODS

2.1 Materials

2.1.1 Subjects and Blood Sample Collection

A total of 245blood samples were obtained from consecutive utectladult
Caucasian patients with acute hemispheric ischetnoke and 145 blood samples
were obtained from symptom-free Caucasian conti@msy the same geographic
region (central Anatolia, Turkey) with the collabton of Gilhane Military Medical
Academy, Department of Neurology, AnkaRatients had an anterior circulation
stroke resulted from carotid artery atherosclerdigease. The cerebral infarction
was initially diagnosed on the basis of neuroloiggoc@mination and brain computer
tomography (CT) scan and then transthoracic ecdamgmaphic examination, Holter
study and Transcranial Doppler emboli detectioncedure to rule out emboli
sourceln order to be considered eligible, the patientsutdh meet following criteria:
having anterior circulation stroke, no other majbresses, including autoimmune
diseases, neoplasms, coagulopathies, hepatic af faiture, no known embolic
source (aortic arch, cardiac or carotid), no familistory of hematological,
autoimmune or chronic inflammatory diseases, ntohisof myocardial infarction
within 3 weeks or of transient ischemic attack toolee at any timeControl subjects
selected randomly from neurology outpatient clirdcd not have stroke or transient

ischemic attack at any time. All exclusion critesgere applied to the controls
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exactly plus not having carotid stenosis (lumemavaing) >50% or ulcerated carotid
plaque.

All subjects underwent bilateral carotid Dopplertrasound (CUSG) and
transthoracic echocardiographic studies. A detaiistbry of conventional vascular
risk factors and conditions was taken from eachig@pant. Hypertension was
defined as systolic blood pressaré40 mm Hg and /or diastolic blood pressur@0
mm Hg and/or use of antihypertensive drugs. Diabets defined as fasting glucose
> 6.99 mmol/L and/or use of pharmacological treatm&moking status of an
individual was assignetiyes’ if the individual is currently smoking or have tiad
less than 3 months ago.

Routine laboratory tests, including electrocardimgy chest X-ray, complete
blood count, leukocyte differential, erythrocyte diseentation rate, routine
biochemistry tests including fasting glucose, lipmtofile (triglycerides, total
cholesterol, LDL, HDL, VLDL-C), creatinine, sodiunpotassium, bilirubin, and
liver function tests, routine urine tests and rhatotogic screening tests were
performed for all participants.

All laboratory measurements were done blinded toical characteristics.
Informed consent was obtained from all participdrgfre study entryCopy of the
informed consent forms are given Appendix Aand Appendix B. The study was
approved by the Ethical Committee of the Medicabhdemy (see Appendix C) and
was carried out according to the principles ofBeelaration of Helsinki.

4-5 mL of blood samples from ischemic stroke pasemd controls were taken
in EDTA-containing vacuumed tubes and stored atC2ill use for DNA isolation.

Blood samples were kept in 4°C while they weredtive use.

2.1.2 Chemicals and Enzymes

Agarose (A-9539), bromophenol blue (B-5525), etimdibromide (E-7637),
ethylene diamine tetra acetic acid disodium saRTE; E-5134), sodium chloride
(NaCl; S-3014), sodium dodecyl sulfate (SDS; L-43@0amino-2(hydroxymethyl)-
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1,3-propandiol (Tris; T-1503), were purchased fr@igma Chemical Company,
Saint Louis, Missouri, USA.

Borate (11607), and absolute ethanol (32221) weeeproducts of Riedel de
Haén, Seelze. Magnesium chloride (A4425) and pitaisshloride (A2939) were
purchased from AppliChem, Ottoweg, Darmstadt. Saei@653) and Triton X-100
(11869) were the products of Merck & Co., Inc., ¥éhbuse Station, NJ, USA.

Tag DNA Polymerase (supplied together with MgCl2i amplification buffer)
(#EP0407), dNTP mix (#R0191), Gene RUEBO bp DNA Ladder (#SM0371) and
restriction enzymesPstl (#ERO0611), Rsal (#ER1121), Dral (#ER0221), Ddel
(#ER1882), Hinfl (#ER0801), Banll (#ER0281), Pdi¥ER1522), BsmAl
(#ERO031), Drall (#ER0261), which were supplied hwitheir buffers, were
purchased from MBI Fermentas, USA.

All chemicals used in this study were of moleculgade and were obtained

from commercial sources at the highest grade afypur

2.1.3 Primers

Primers used throughout the study were selectelitdrgture search and were
derived from known sequences of human. The prinaérs pvere purchased from
lontek (lontek, Istanbul, Turkey) and Alpha DNA pNa DNA, Canada, USA).
Primer stocks were brought to 100 pmol/uL conceiotnaand stored at -2C.
Aliquots of 10 pmol/uL concentration were preparaad used for PCR. The

sequences of oligonucleotide primers are giverabld 2.1.
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Table 2. 1Sequences of primers used throughout the study.

Gene and Allele Name Forward and Reverse Primer Seqaces Reference

* 5'-CCAGTCGAGTCTACATTGTCA-3' .
CYP2E1*5B 5 TTCATTCTGTCTICTAACTGG-3' Hayashgt al., 1991

5'-TCGTCAGTTCCTGAAAGCAGG-3'
*,
CYP2EL"6 5'-GAGCTCTGATGCAAGTATCGCA-3' Wuetdl., 1998

. 5'.GTGGCTGGAGTTCCCCGTTG-3'
CYP2EL'7B 5. TGCTGCCAGCCCGGGAGGAC-3' vangetal., 2001

5-GCTAGCATAGAAAAGAGGGA 3

FMO3 G472A 5-CGAGAGTCACCCGAGTACCCG-3' Parket al., 1999

5-GTCTCTGTTTTCCATACAG-3'

FMO3 A923G 5-CTTCGCAATCCATGAGCCTC-3' Parket al., 1999
5-CCTCTCTGTGCTTTCTGTATCC-3
5-GATGGACTTGCCCAAGTGATG-3

5-GAGGAAACTGAGACCCACTGAG-3'

GSTP1 A313G Bpeiidgudiuieidasuniiofiputh Zhonget al., 2006

5'-GAACTCCCTGAAAAGCTAAAGC-3'

NQO1*2 Eguchi-Ishimaest al., 2005

GSTM1 5. GTTGGGCTCAAATATACGGTGG-3'
5.TTCCTTACTGGTCCTCACATCTC-3'

GSTT1 5-TCACCGGATCATGGCCAGCA-3 /PderRahmat al., 1996

CYP1AL exon? 5-GAACTGCCACTTCAGCTGTCT-3

(intemal control) 5.CAGCTGCATTTGGAAGTGCTC-3

NOS3 G894T 5-AAGGCAGGAGACAGTGGATGGA:3 Giildikenet al., 2009

5'-CCCAGTCAATCCCTTTGGTGCTCA-3'

5'-ATGCTCCCACCAGGGCATCA-3' .
NOS3 T-786C 5 GTCCTTGAGTCTGACATTAGGG-3 Jaramilloet al., 2008

5-TTATCAGGCCCTATGGTAGT-3'
NOS3 INTRON4 VNTR 5 AACTCCGCTCAGCTGTCCT.3' Kunnaset al., 2002

2.2 Methods

Preparation of Tris-HCI pH 8.0, EDTA pH 8.0, TKMH[¥.6, saturated NacCl,
TE pH 8.0 buffers used in human genomic DNA isolatirom whole blood, TBE
pH 8.3, ethidium bromide, gel loading dye solutionsed in agarose gel
electrophoresis, and solutions used in PCR amalibo procedure are described in

Appendix D.
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2.2.1 Isolation of Genomic DNA from Human Whole Blood Samles

Genomic DNA was isolated according to the method.aliri and Schnabel
(1993), with some modifications. In this methodD 76 of whole blood which was
taken into EDTA-containing vacuumed tubes was éckatith an equal volume of
low-salt buffer containing 10 mM Tris-HCI pH 7.60 InM KCI, 2 mM EDTA, 4
mM MgCl, (TKME buffer), and 20uL of Triton X-100. The cells were lysed by
inversions and the suspension is centrifuged at0O1QO0for 10 min at room
temperature. The pellet was washed three more timithss TKME buffer and the
final pellet was resuspended in 0.2 mL of TKME euff20uL 10% SDS was added,
and the whole suspension was mixed thoroughly aagbiated for 10 min at 88.
Then 75uL saturated NaCl[ M) was added, the tube was mixed well and
centrifuged at 14000 g for 10 min, atG! The supernatant, which contained the
DNA was precipitated using two volume ice-cold dbso ethanol. The tubes were
stored at -28C for at least 30 min and DNA was precipitated tellgt by
centrifugation at 10000g for 10 min &Gl Supernatant was removed, then air dried
and DNA containing pellet was resuspended in 0.1aihl0 mM Tris-HCI pH 8.0,
and 1 mM EDTA pH 8.0. (TE) and incubated@7#or 1.5-2 hours.

2.2.2 Spectrophotometric Quantification of Genomic DNA

For the determination of the concentration of DNAtlhe sample, absorbance
values at 260 nm and 280 nm were measured speotmpétrically. As the DNA
molecule gave maximum absorption at 260 nm, readirtbis wavelength was used
to calculate the concentration of nucleic acidha sample. Based on the knowledge
that an optical density of 1.0 corresponded to @xprately 50ug/ml for double
stranded DNA, the concentration of DNA in the saanphs calculated according to

the formula:
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“Concentration (ug/mL) = ORonmx 50 (ng/mL) x Dilution Factor”

The ratio between OD values at 260 nm and 280 nBpdfDD,g ratio) was
used to estimate the purity of the nucleic acideHMNA preparations gave the ratio
of 1.8 while the higher and lower values showedhezit RNA or protein

contamination, respectively.

2.2.3 Qualification of Genomic DNA by Agarose Gel Electrphoresis

Intactness of DNA samples was performed by agagetelectrophoresis using
a horizontal agarose gel electrophoresis unit (Bas HU13W, Warwickshire,
England). 0.5% agarose gel was prepared by 0.5X TBEHer pH8.3 using
microwave oven. The solution was cooled to apprexgly 60C on a magnetic
stirrer with continuous stirring for homogenous loog. When cooled enough,
ethidium bromide was added from a stock solutiod@fmg/mL in water to a final
concentration of 0.5ug/mL and the solution was mwhixkoroughly. The warm
agarose solution was poured into the pre-settled anod any air bubbles -if present-
especially under or between the teeth of the coratewemoved by the help of a
pipette tip. The gel was allowed to solidify contplg for approximately 20-40
minutes at room temperature.

After the agarose gel is solidified, it was mountedhe electrophoresis tank
which was filled with 0.5X TBE buffer so that thiets of the gel faced the negative
pole-cathode. 5 pL of DNA sample was mixed withl1qi gel loading dye by the
use of a micropipette, and the mixture was slowlgeal to the wells of the gel. After
loading of the DNA samples were completed, theofithe tank was closed and the
electrical leads were attached to the power supiie power supply was set to a
constant voltage so that not more than a voltageg/édm (measured as the distance
between the electrodes) was applied (corresponds m@aximum of 150 volts for
Scie-Plas HU13W horizontal gel electrophoresis)urite gel was run until the

bromophenol blue reached to the bottom of the @edl then examined under UV
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light and the photograph was taken by Vilber Lour@al Imaging System (Marne
La Vallee, Cedex, France) and InfinityCapt (versi@9) computer software. Single
band in agarose gel electrophoresis shows pure pifarations; however RNA
contaminated preparations yield two bands. A sns®ws that the DNA is
degraded.

2.2.4 Genotyping of Single Nucleotide Polymorphisms

The present study was designed to study genetygmmophisms ofCYP2EL,
FMO3, NOS3 (leading to oxidative stress) a@5T, NQOL (protecting cells against
oxidative stress) genes. Three SNPs of CYP2EL, lyatdB, *6 and *7B, two SNPs
of FMO3, namely G472A and A923G, two SNPs of NOS&nely G894T and T-
786C and also one insertion/deletion (VNTR) polypiosm of NOS3, one SNP of
GSTP1, namely A313G and GSTM1 and GSTT1 null ggrestyone SNP of NQO1,
namely NQO1*2 polymorphisms were studied. For SNRnmination PCR-RFLP
technique was used. GSTM1 and GSTT1 null genotype® determined at the
same time by multiplex PCR protocol and NOS3 VNTBlymorphism were
identified by PCR reaction. The details of thesehoés were explained below.
Techne Progene (Cambridge, UK) and Eppendorf Magtkr (Hamburg,

Germany) thermocyclers were used for PCR.

2.2.4.1 Genotyping of CYP2E1*5B Polymorphism

2.2.4.1.Polymerase Chain Reaction for CYP2E1*5B

The 5'-flanking region ofCYP2E1 gene was amplified to study CYP2E1*5B (C-
1053T/G-1293C) single nucleotide polymorphism ugmgner sequences given in

Table 2.1. In order to obtain a single band beloggob the region in 5’-flanking
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region of CYP2E1 gene, PCR mixture and conditions were optimizddregUlusoy

et al., 2007b) in our laboratory and were given in TaBl&. The amplification
program consisted of 35 cycles of denaturatingddC9or 1 min, annealing at 86

for 1 min and extension at 72 for 1 min. The final extension was performed at
72°C for 6 min. The amplified PCR products were anatpn 2% agarose gel as
described in section 2.2.3. 10 uL PCR product wxgdnby 2 pL of gel loading dye
and applied to the wells of the gel. 5 pL of DNAdar was applied to one well. The
gel was run until the bromophenol blue reached#ohiottom of the gel, visualized

under UV and photographed.

Table 2.2Components of PCR mixture for CYP2E1*5B SNP.

Volume to be Tnal €onc. in 5(

Constituent Stock Concentration ML reaction
added :

mixture
Amplification buffer 10 X SpuL 1X
MgCl, 25 mM 3 uL 1.5 mM
dNTP mixture 10 mM 1pL 200 uM
Reverse Primer 10 pmol/pL 2puL 20 pmol
Forward Primer 10 pmol/pL 2puL 20 pmol
Template DNA Varies ~200 ng
Tag DNA Polymerase 5U/uL 0.5puL 25U
Sterile apyrogen O to 50 pL

2.2.4.1.Restriction Endonuclease Digestion of PCR Product®r Determination
of CYP2E1*5B SNPs

C-1053T/G-1293C SNPs which are in complete linkaggequilibrium are
found in the 5'-flanking region of CYP2E1 gene. ldenthe PCR products were

digested separately bjrsal for C-1053T andPstl for G-1293C SNPs. The
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components of restriction enzyme digestion mixt@ane given in Table 2.3. Both of
the Rsal and Pstl digestion mixtures were incubated at°@7for 18 hours for
complete digestion and then analyzed on 2.5 % agagel. 30 pL of digestion
product was mixed with 6 pL of gel loading dye amplied to the wells of the gel. 5
puL DNA ladder was applied to the one well. Thegak run until the bromophenol
blue reached to the bottom of the gel, visualizeden UV and photographed.

Table 2.3 Constituents of reaction mixture for restrictiondenucleaseRsal and
Pstl) digestion of PCR products for the determinatidnCel053T and G-1293C
SNPs ofCYP2E1*5B polymorphism.

. Stock Volume to be Final Conc. in 30uL
Constituent . . .
Concentration added reaction mixture
Buffer 10 X 3uL 1X
PCR product 10 pL
Restriction enzyme 10 U/uL 1L 10U
Sterile apyrogen F,0 16 uL

2.2.4.2 Genotyping of CYP2E1*6 Polymorphism

2.2.4.2.Polymerase Chain Reaction for CYP2E1*6

The intron 6 region ofCYP2E1l gene was amplified to study CYP2E1*6
(T7632A SNP) polymorphism according to the previgpuptimized PCR conditions
(Ulusoy et al., 2007b) as presented in Table 2.4. The amplifinaprogram
consisted of an initial denaturation step at®4or 5 min followed by 35 cycles of

denaturating at € for 1 min, annealing at 6C for 1 min and extension at Q2
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for 1 min. The final extension was performed atG2or 6 min. The amplified PCR
products were analyzed on 2% agarose gel. 10 pL prG&Ruct was mixed by 2 pL
of gel loading dye and applied to the wells of ted. 5 pL of DNA ladder was

applied to one well. The gel was run until the bopmenol blue reached to the

bottom of the gel, visualized under UV and photpbe.

Table 2.4Components of PCR mixture for CYP2E1*6 SNP.

Volume to be &l Conc. in 50

Constituent Stock Concentration ML reaction
added .

mixture
Amplification buffer 10 X 5L 1X
MgCl, 25 mM 3 uL 1.5mM
dNTP mixture 10 mM 1L 200 puMm
Reverse Primer 10 pmol/puL 2 uL 20 pmol
Forward Primer 10 pmol/puL 2 uL 20 pmol
Template DNA Varies ~200 ng
Taq DNA Polymerase 5U/pL 0.5 pL 25U
Sterile apyrogen HO to 50 pL

2.2.4.2.2Restriction  Endonuclease Digestion of PCR Products for
Determination of CYP2E1*6 SNP

Dral restriction enzyme was used to digest PCR prodofc@YP2E1 intron 6
region. The optimized reaction mixture is describedTable 2.5. The digestion
mixture was incubated at 32 for 18 hours for complete digestion and then yzeal
on 2.5% agarose gel. 30 pL of digestion product me®d with 6 pL of gel loading
dye and applied to the wells of the gel. 5 uL DN#lder was applied to the one well.
The gel was run until the bromophenol blue reacteedhe bottom of the gel,
visualized under UV and photographed.
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Table 2.5 Constituents of reaction mixture fdbral restriction endonuclease
digestion of PCR products for the determinationT@b32A SNP of CYP2E1*6

polymorphism.

. Stock Volume to be  Final Conc. in 30pL
Constituent : . .
Concentration added reaction mixture
Buffer 10X 3uL 1X
PCR product 20 pL
Dral 10 U/pL 0.6 pL 6 U
Sterile apyrogen F,0O 6.4 ul

2.2.4.3 Genotyping of CYP2E1*7B Polymorphism

2.2.4.3.Polymerase Chain Reaction for CYP2E1*7B

The promoter region o€YP2EL gene was amplified to study CYP2E1*7B (G-
71T SNP) polymorphism. The components for the ogeh PCR are given in Table
2.6. The amplification program consisted of aniahilenaturation step at 92 for 5
min followed by 30 cycles of denaturating af@4for 1 min, annealing at 82 for
1.5 min and extension at 42 for 2 min. The final extension was performed 284
for 10 min. The amplified PCR products were analypa 2% agarose gel. 10 pL
PCR product was mixed by 2 pL of gel loading dyd applied to the wells of the
gel. 5 pL of DNA ladder was applied to one well.eTgel was run until the
bromophenol blue reached to the bottom of the gmlyalized under UV and

photographed.

53



Table 2.6Components of PCR mixture for CYP2E1*7B SNP.

Final Conc. in 50

Constituent Stock Concentration Volume to be pL reaction
added .

mixture
Amplification buffer 10 X S5 uL 1X
MgCl, 25 mM 2 uL 1mM
dNTP mixture 10 mM 1L 200 um
Reverse Primer 10 pmol/uL 2 uL 20 pmol
Forward Primer 10 pmol/uL 2 uL 20 pmol
Template DNA Varies ~200 ng
Taq DNA Polymerase 5U/uL 0.5 uL 25U
Sterile apyrogen HO to 50 L

2.2.4.3.Restriction Endonuclease Digestion of PCR Product®r Determination
of CYP2E1*7B SNP

PCR products were digested wibdel restriction enzyme in an optimized
reaction mixture as described in Table 2.7. Thestign mixture was incubated at
60°C for 18 hours for complete digestion and thenyxred on 2.5% agarose gel. 30
uL of digestion product was mixed with 6 puL of ¢mhding dye and applied to the
wells of the gel. 5 pL DNA ladder was applied te time well. The gel was run until
the bromophenol blue reached to the bottom of #le \gsualized under UV and

photographed.
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Table 2.7 Constituents of reaction mixture fdddel restriction endonuclease
digestion of PCR products for the determinationG#71T SNP ofCYP2E1*7B

polymorphism.

. Stock Volume to be  Final Conc. in 30pL
Constituent : . .
Concentration added reaction mixture
Buffer 10X 3uL 1X
PCR product 20 pL
Ddel 10 U/pL 0.4 uL 4 U
Sterile apyrogen F,0O 6.6 pl

2.2.4.4 Genotyping of FMO3 G472A Single Nucleotide Polymguhism

2.2.4.4.Polymerase Chain Reaction for FMO3 G472A SNP

To detect G472A single nucleotide polymorphismsorexd region ofFMO3
gene was amplified according to the optimized PGRure and conditions given in
Table 2.8. The optimized amplification program dstexl of an initial denaturation
step at 94C for 30 sec followed by 30 cycles of denaturatetgd4C for 1 min,
annealing at 5C for 1 min and extension at @ for 3 min. The amplified PCR
products were visualized on 2% agarose gels staiuitdethidium bromide. 10 pL
PCR product was mixed by 2 pL of gel loading dyd applied to the wells of the
gel. 5 pL of DNA ladder was applied to one well.eTgel was run until the
bromophenol blue reached to the bottom of the gmlyalized under UV and

photographed.
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Table 2.8Components of PCR mixture for FMO3 G472A SNP.

Final Conc. in 50

Constituent Stock Concentration Volume to be pL reaction
added .

mixture
Amplification buffer 10 X S uL 1X
MgCl, 25 mM 2 uL 1mM
dNTP mixture 10 mM 1L 200 pum
Reverse Primer 10 pmol/uL 2 uL 20 pmol
Forward Primer 10 pmol/uL 2 uL 20 pmol
Template DNA Varies ~200 ng
Taq DNA Polymerase 5U/uL 0.3 uL 15U
Sterile apyrogen HO to 50 L

2.2.4.4.Restriction Endonuclease Digestion of PCR Product®r Determination
of FMO3 G472A SNP

PCR products were digested witfinfl restriction enzyme in an optimized
mixture as described in Table 2.9. The digestiortuné was incubated at 32 for
18 hours for complete digestion. The digestion potsl were visualized on 3%
agarose gels, and genotypes were determined asgdadihe banding patter80 pL
of digestion product was mixed with 6 pL of geldoay dye and applied to the wells
of the gel. 5 uL DNA ladder was applied to the avedl. The gel was run until the
bromophenol blue reached to the bottom of the gmljalized under UV and

photographed.

56



Table 2.9 Constituents of reaction mixture fddinfl restriction endonuclease
digestion of PCR products for the determinatiofr O3 G472A SNP.

. Stock Volume to be Final Conc. in 30pL
Constituent . . .
Concentration added reaction mixture
Buffer 10 X 3uL 1X
PCR product 20 pL
Hinfl 10 U/pL 0.2 uL 2U
Sterile apyrogen F,0 6.8l

2.2.4.5 Genotyping of FMO3 A923G Single Nucleotide Polymoripism

2.2.4.5.Polymerase Chain Reaction for FMO3 A923G SNP

The exon 7 region dFMO3 gene was amplified to study A923G polymorphism
according to the optimized PCR conditions as presenn Table 2.10. The
optimized amplification program consisted of aniatidenaturation step at 9@ for
30 sec followed by 30 cycles of denaturating &t#or 1 min, annealing at 56
for 1 min and extension at 72 for 3 min. The amplified PCR products were
analyzed on 2% agarose gel. 10 pL PCR productsmwiseed by 2 uL of gel loading
dye and applied to the wells of the gel. 5 pL of Mlddder was applied to one well.
The gel was run until the bromophenol blue reacteedhe bottom of the gel,

visualized under UV and photographed.
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Table 2.10Components of PCR mixture for FMO3 A923G SNP.

Final Conc. in 50

Constituent Stock Concentration Volume to be pL reaction
added .

mixture
Amplification buffer 10 X S5 uL 1X
MgCl, 25 mM 3 yL 1.5 mM
dNTP mixture 10 mM 1L 200 um
Reverse Primer 10 pmol/uL 3 pL 30 pmol
Forward Primer 10 pmol/uL 3 pL 30 pmol
Template DNA Varies ~200 ng
Taq DNA Polymerase 5U/uL 0.3 uL 15U
Sterile apyrogen HO to 50 L

2.2.4.5.Restriction Endonuclease Digestion of PCR Product®r Determination
of FMO3 A923G SNP

PCR products were digested wibrall restriction enzyme in a mixture as
described in Table 2.11. The digestion mixture wasibated at 37 for 18 hours
for complete digestion. The digestion products wesealized on 2.5% agarose gels,
and genotypes were determined according to theihgupettern.30 pL of digestion
product was mixed with 6 pL of gel loading dye apglied to the wells of the gel. 5
pL DNA ladder was applied to the one well. Thegak run until the bromophenol
blue reached to the bottom of the gel, visualizeden UV and photographed.
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Table 2.11 Constituents of reaction mixture fddrall restriction endonuclease
digestion of PCR products for the determinatiofr O3 A923G SNP.

. Stock Volume to be Final Conc. in 30pL
Constituent . . .
Concentration added reaction mixture
Buffer 10 X 3uL 1X
PCR product 20 pL
Drall 10 U/uL 0.4 uL 4 U
Sterile apyrogen F,0 6.6l

2.2.4.6 Genotyping of NQO1*2 Single Nucleotide Polymorphism

2.2.4.6.Polymerase Chain Reaction for NQO1*2

The exon 6 region dQO1 gene was amplified to study NQO1*2 (C609T SNP)
polymorphism according to the optimized PCR coodsgi as presented in Table
2.12. The optimized amplification program consistédn initial denaturation step at
95°C for 5 min followed by 30 cycles of denaturatin&C for 1 min, annealing at
59°C for 1.5 min and extension at 2 for 2 min. The final extension was
performed at 72 for 10 min. The amplified PCR products were apetlyon 2%
agarose gel. 10 pL PCR products was mixed by 2figebloading dye and applied
to the wells of the gel. 5 pL of DNA ladder was kgxbto one well. The gel was run
until the bromophenol blue reached to the bottonthef gel, visualized under UV

and photographed.
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Table 2.12Components of PCR mixture for NQO1*2 SNP.

Final Conc. in 50

Constituent Stock Concentration Volume to be pL reaction
added .

mixture
Amplification buffer 10 X S5 uL 1X
MgCl, 25 mM 3 yL 1.5 mM
dNTP mixture 10 mM 1L 200 um
Reverse Primer 10 pmol/uL 1L 10 pmol
Forward Primer 10 pmol/uL 1L 10 pmol
Template DNA Varies ~200 ng
Tag DNA Polymerase 5U/pL 0.4 pL 2U
Sterile apyrogen HO to 50 L

2.2.4.6.Restriction Endonuclease Digestion of PCR Product®r Determination
of NQO1*2 SNP

PCR products were digested withinfl restriction enzyme in a mixture as
described in Table 2.13. The digestion mixture wasibated at 37T for 24 hours
for complete digestion. The digestion products wasealized on 3% agarose gels,
and genotypes were determined according to theithgupettern30 pL of digestion
product was mixed with 6 pL of gel loading dye apglied to the wells of the gel. 5
pL DNA ladder was applied to the one well. Thegak run until the bromophenol
blue reached to the bottom of the gel, visualizeden UV and photographed.
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Table 2.13 Constituents of reaction mixture fddinfl restriction endonuclease
digestion of PCR products for the determinatiolN@O1*2 SNP.

. Stock Volume to be Final Conc. in 30pL
Constituent . . .
Concentration added reaction mixture
Buffer 10 X 3uL 1X
PCR product 20 pL
Hinfl 10 U/uL 0.4 uL 4 U
Sterile apyrogen F,0 6.6l

2.2.4.7 Genotyping of GSTP1 A313G Single Nucleotide Polymphism

2.2.4.7.Polymerase Chain Reaction for GSTP1 A313G SNP

The exon 5 region ofGSTP1 gene was amplified to study A313G
polymorphism. The components for the optimized R€&tion are given in Table
2.14. The amplification program consisted of atiahdenaturation step at 94 for
5 min followed by 35 cycles of denaturating af®@4or 30 sec, annealing at ®D
for 30 sec and extension at°@for 30 sec. The final extension was performed at
72°C for 5 min. The amplified PCR products were anatypn 2% agarose gel. 10
puL PCR product was mixed by 2 uL of gel loading dyel applied to the wells of
the gel. 5 uL of DNA ladder was applied to one wéhe gel was run until the
bromophenol blue reached to the bottom of the gmlyalized under UV and

photographed.
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Table 2.14Components of PCR mixture for GSTR213G SNP.

Final Conc. in 25

Constituent Stock Concentration Volume to be pL reaction
added .

mixture
Amplification buffer 10 X 2.5 L 1X
MqgCl, 25 mM 1.5puL 1.5 mM
dNTP mixture 10 mM 0.5 pL 200 pum
Reverse Primer 10 pmol/uL 2 uL 20 pmol
Forward Primer 10 pmol/uL 2 uL 20 pmol
Template DNA Varies ~200 ng
Taq DNA Polymerase 5U/uL 0.3 uL 15U
Sterile apyrogen HO to 25 pL

2.2.4.7.Restriction Endonuclease Digestion of PCR Product®r Determination
of GSTP1 A313G SNP

BsmAl restriction enzyme was used to digest PCR prodefcGSTP1 exon 5
region. The reaction mixture is described in TahlE5. The digestion mixture was
incubated at 3TC for 24 hours for complete digestion and then yme on 3%
agarose gel. 30 pL of digestion product was mixél & pL of gel loading dye and
applied to the wells of the gel. 5 uL DNA laddersvapplied to the one well. The gel
was run until the bromophenol blue reached to tb#oln of the gel, visualized

under UV and photographed.
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Table 2.15 Constituents of reaction mixture f@smAl restriction endonuclease
digestion of PCR products for the determinatiol&TP1A313G SNP.

. Stock Volume to be Final Conc. in 30pL
Constituent . . .
Concentration added reaction mixture
Buffer 10 X 6 uL 2 X
PCR product 15 pL
BsmAl 10 U/uL 0.4 uL 4 U
Sterile apyrogen F,0 8.6L

2.2.4.8 Genotyping of GSTM1 and GSTT1 Null by Multiplex Polymerase

Chain Reaction

GSTM1 and GSTT1 genotypes were simultaneously ihéted using multiplex
polymerase chain reaction approach (Abdel-Raheiaal., 1996). As an internal
control, CYP1A1 exon 7 gene, which is never deleteas co-amplified in order to
distinguish the null genotypes from aborted PCRbI&a2.16 summarizes the
components of the optimized PCR mixture. The stah®CR protocol consisted of
an initial denaturation step at @l for 5 min followed by 35 cycles of melting at
94°C for 2 min, annealing at 8@ for 1 min and extension at @ for 1 min. The
final extension was performed at®@2for 10 min. The amplified PCR products were
analyzed on 2.5% agarose gel. 10 pL PCR productwizeed by 2 pL of gel loading
dye and applied to the wells of the gel. 5 pL of dlddder was applied to one well.
The gel was run until the bromophenol blue reacteedhe bottom of the gel,

visualized under UV and photographed.
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Table 2.16Components of PCR mixture for GSTM1 and GSTT1.null

Final Conc. in 50

Constituent Stock Concentration Volume to be pL reaction
added .

mixture
Amplification buffer 10 X S5 uL 1X
MgCl, 25 mM 3 yL 1.5 mM
dNTP mixture 10 mM 1L 200 um
Reverse Primer 10 pmol/uL 3 pL 30 pmol
Forward Primer 10 pmol/uL 3 pL 30 pmol
Template DNA Varies ~200 ng
Tag DNA Polymerase 5U/pL 0.4 pL 2U
Sterile apyrogen HO to 50 L

2.2.4.9 Genotyping of NOS3 G894T Single Nucleotide Polymolpsm

2.2.4.9.Polymerase Chain Reaction for NOS3 G894T SNP

To detect G894T single nucleotide polymorphismsnekaegion oNOS3 gene
was amplified according to the optimized PCR coadg given in Table 2.17. The
amplification program consisted of an initial damation step at 9% for 5 min
followed by 35 cycles denaturating at®@4for 1 min, annealing at 8@ for 1 min
and extension at 7€ for 1 min. The final extension was performed 2t for 5
min. The amplified PCR products were visualized28f agarose gels stained with
ethidium bromide. 10 puL PCR product was mixed hbyl2of gel loading dye and
applied to the wells of the gel. 5 uL of DNA laddegis applied to one well. The gel
was run until the bromophenol blue reached to tb#oln of the gel, visualized

under UV and photographed.
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Table 2.17Components of PCR mixture for NO&B94T SNP.

Final Conc. in 50

Constituent Stock Concentration Volume to be pL reaction

added .

mixture

Amplification buffer 10 X S5 uL 1X
MgCl, 25 mM 5L 2.5 mM
dNTP mixture 10 mM 0.5 pL 100 pM
Reverse Primer 10 pmol/uL 3 pL 30 pmol
Forward Primer 10 pmol/uL 3 pL 30 pmol
Template DNA Varies ~200 ng
Taq DNA Polymerase 5U/uL 0.25 uL 1.25U
Sterile apyrogen HO to 50 L

2.2.4.9.Restriction Endonuclease Digestion of PCR Product®r Determination
of NOS3 G894T SNP

Banll restriction enzyme was used to digest PCR prodottdOS3 exon 7
region. The optimized reaction mixture is descrilbedlrable 2.18. The digestion
mixture was incubated at 32 for 16 hours for complete digestion and then yzeal
on 3% agarose gel. 30 pL of digestion product waednwith 6 pL of gel loading
dye and applied to the wells of the gel. 5 uL DNlder was applied to the one well.
The gel was run until the bromophenol blue reacteedhe bottom of the gel,

visualized under UV and photographed.
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Table 2.18 Constituents of reaction mixture fd3anll restriction endonuclease
digestion of PCR products for the determinatiolN@S3G894T SNP.

. Stock Volume to be Final Conc. in 30pL
Constituent . . .
Concentration added reaction mixture
Buffer 10 X 3uL 1X
PCR product 10 pL
Banll 10 U/uL 0.2 uL 2U
Sterile apyrogen F,0 16.8ul

2.2.4.10Genotyping of NOS3 T-786C Single Nucleotide Polymphism

2.2.4.10.1 Polymerase Chain Reaction for NOS3 T-786C SNP

The promoter region ofNOS3 gene was amplified to study T-786C
polymorphism. The components for the optimized R@GiRture and conditions are
given in Table 2.19. The amplification program detexl of an initial denaturation
step at 98C for 3 min followed by 30 cycles of denaturating9°C for 1 min,
annealing at 5 for 1 min and extension at @ for 2 min. The final extension was
performed at 72 for 10 min. The amplified PCR products were apaetlyon 2%
agarose gel. 10 pL PCR product was mixed by 2 ugebioading dye and applied
to the wells of the gel. 5 uL of DNA ladder was kgxbto one well. The gel was run
until the bromophenol blue reached to the bottonthef gel, visualized under UV

and photographed.
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Table 2.19Components of PCR mixture for NO$3786C SNP.

Final Conc. in 50

Constituent Stock Concentration Volume to be pL reaction
added .

mixture
Amplification buffer 10 X S5 uL 1X
MgCl, 25 mM 3 yL 1.5 mM
dNTP mixture 10 mM 1L 200 um
Reverse Primer 10 pmol/uL 3 pL 30 pmol
Forward Primer 10 pmol/uL 3 pL 30 pmol
Template DNA Varies ~200 ng
Taq DNA Polymerase 5U/uL 0.2 uL 1U
Sterile apyrogen HO to 50 L

2.2.4.10.2 Restriction Endonuclease Digestion of PCR Productsfor
Determination of NOS3 T-786C SNP

PCR products were digested wifdil restriction enzyme in a mixture as
described in Table 2.20. The digestion mixture wasibated at 37T for 16 hours
for complete digestion. The digestion products wasealized on 3% agarose gels,
and genotypes were determined according to theithgupettern30 pL of digestion
product was mixed with 6 pL of gel loading dye apglied to the wells of the gel. 5
pL DNA ladder was applied to the one well. Thegak run until the bromophenol
blue reached to the bottom of the gel, visualizeden UV and photographed.
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Table 2.20 Constituents of reaction mixture fdedil restriction endonuclease
digestion of PCR products for the determinatiolN@S3T-786C SNP.

. Stock Volume to be Final Conc. in 30pL
Constituent . . .
Concentration added reaction mixture
Buffer 10 X 3uL 1X
PCR product 20 pL
Pdil 10 U/pL 0.4 L 4U
Sterile apyrogen F,0 6.6l

2.2.4.11Genotyping of NOS3 intron4 VNTR Polymorphism

2.2.4.11.1 Polymerase Chain Reaction for NOS3 intron 4 VNTR

In order to determine VNTR polymorphism intron 4jign of NOS3 gene was
amplified according to the optimized PCR conditiagisen in Table 2.21. The
standard PCR protocol consisted of an initial deraion step at 9€ for 30 sec
followed by 41 cycles of melting at 92 for 30 sec, annealing at®Dfor 30 sec and
extension at 7Z for 1 min. The final extension was performed 2t for 7 min.
The amplified PCR products were visualized on 3%rase gels stained with
ethidium bromide. 10 pL PCR product was mixed kbyl2of gel loading dye and
applied to the wells of the gel. 5 uL of DNA laddegis applied to one well. The gel
was run until the bromophenol blue reached to tbi#oln of the gel, visualized

under UV and photographed.
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Table 2.21Components of PCR mixture for NOB@ron 4 VNTR.

Final Conc. in 50

Constituent Stock Concentration Volume to be pL reaction
added .

mixture
Amplification buffer 10 X S5 uL 1X
MgCl, 25 mM 2 uL 1mM
dNTP mixture 10 mM 1L 200 um
Reverse Primer 10 pmol/uL 5 uL 50 pmol
Forward Primer 10 pmol/uL 5 uL 50 pmol
Template DNA Varies ~200 ng
Taq DNA Polymerase 5U/uL 0.2 uL 1U
Sterile apyrogen HO to 50 L

2.2.5 Statistical Analysis

PASW Statistics 18 software package (SPSS, Chidaga)SA) was used for
the statistical analyses. Continuous variables wexpressed as mean * SD.
Normality of the sample distribution of each conts variable was tested with the
Kolmogorov-Smirnov test. Differences of continuowariables were evaluated by
the Independent Samples t-test or Mann-Whitneydt] tiepending on the shape of
the distribution curves. Categorical variables werpressed as proportions and
compared using® test. Allele frequencies were determined by theegeounting
method and departure from the Hardy-Weinberg duitilin was evaluated by thé
test. Comparisons of genotype distribution andefiequencies were assessediby
statistics with 2 and 1 df, respectively.

In order to determine the effects of vascular fastors, lipid parameters and
genotypes in the prediction of ischemic stroke,istig regression analyses with
backward selection method was used. Age and sex aleo included as covariates.
2-tailed probability values with 95% confidenceeivals were estimated for each
odds ratio. The Hosmer-Lemeshow goodness of fitvias used for calibration. R
value of less than 0.05 was evaluated as statlgticaignificant.
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CHAPTER 3

RESULTS

3.1 Study Population

The study population consisted of 245 ischemickstioatients and 145 healthy
controls. Clinical parameters of blood like serwtak cholesterol, triglyceride, HDL-
cholesterol and LDL-cholesterol levels were measuby GATA Biochemistry
laboratory. Besides, conventional risk factors udahg hypertension, diabetes,
obesity and cigarette smoking were recorded fohasuc stroke patients and
controls by GATA Neurology Department. Thesults of clinical laboratory tests
and some risk factorsf acute ischemic stroke patients and control sibjare
summarized in Table 3.1. There was no statisticsithyificant difference in mean
age of the patient (64.5+£13.3) and control gro§#s1+14.1,P=0.061). There were
104 female and 141 male among stroke patients. uwibmales were found to be
higher in patient group (57.6%) when compared tatrod group (50.3%P=0.167).
As expected, the conventional risk factors of acigehemic stroke such as
hypertension, diabetes, and smoking were found eohigher in patient group
compared to controls. In addition, in stroke pasethe prevalence of obesity
(22.9%) was significantly higher than that of coht{6.2%;P=0.000). The relative
risk of ischemic stroke for hypertensive and obadgects were 3-fold and 4.5-fold,
respectively. Diabetes and smoking exhibited mdr@nt2-fold relative risk for
ischemic stroke. LDL-cholesterol level was sigrafily higher in stroke patients.

Besides, triglyceride level of stroke patients aodtrols were almost the same. On
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the other hand, HDL-cholesterol level was signifitba lower in ischemic stroke

patients (1.1+0.3nmol/L) when compared to the control group (1.2.3 &@mol/L,

P=0.001).

Table 3.1 Clinical laboratory data and conventional risktéas of acute ischemic

stroke patients and controls.

Parameter Patients Controls P OR(95%CI)
(n=245) (n=145)

Age (years) 64.5+13.3 62.114.1 0.061

Male, n (%5’ 141 (57.6) 73 (50.3) 0.167 1.337 (0.885-2.020)
Hypertension, n (‘%) 163 (66.5) 55 (37.9) 0.000 3.253 (2.121-4.989)
Diabetes melitus, n (C%) 84 (34.3) 25(17.2) 0.000 2.504 (1.511-4.151)
Obesitty, n (%t) 56 (22.9) 9(6.2) 0.000 4.477 (2.141-9.361)
Smokers, n (0/3) 69 (28.2) 21 (14.5) 0.001 2.315 (1.349-3.972)
Total cholesterol (mmolf)  4.8+1.3 4.6+1.2 0.112

Triglycerides (mmol/L) 1.4+0.2 1.3+0.2 0.174

HDL-cholesterol (mmoll)  1.1+0.3 1.2+0.3 0.001

LDL-cholesterol (mmolL)  2.9+1.0 2.7+1.0 0.007

Values are either number of subjects, percentageean + SD

#Mann Whitney U test is applied
b Chi-square test is applied

“Independent Samples T-test is applied
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3.2 Polymorphisms of Phase | Enzymes

3.2.1 CYP2E1 Polymorphisms

3.2.1.1 Analysis of Genotypes ofCYP2E1*5BPolymorphism

The 412 bp amplified region in the 5’-flanking regiof CYP2E1 gene included
two single nucleotide substitutions: G-1293C and053T that are in complete
linkage disequilibrium with each other. These twdPS are associated and always
inherited together, because of complete linkageqdigibrium. For example, if -1053
is occupied with C, -1293 is always occupied withb@t never C. So, in wild types,
*1A designates the position -1293 occupied by G at@b3 with C. Similarly,
mutated alleles, with C at position -1293 and Ppadition -1053, are designated as
*5B. The old designation for wild type allele wak and for mutated allele was c2.
Figure 3.1 represents the sequence of amplifiedmag 5’-flanking region, showing
the location of primers, both SNPs and restriceadonuclease recognition sites.
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CACCCGTGAG CCAGTCGAGT CTACATTGTC AGTTCTCACC TCGAGGGGTG CCAAAAACCA
GAGGGAAGCA AAGGCCCCTG AAGCCTCTGC CAGAGGCCAA CGCCCCTTCT TGGTTGSGA

q

Pstl
AGAGAAAAAC TGGGTTAGAA TGCAATATAT AGTATGTAGT CTCATTTTTG TATAAATACA

AGTATAAGAAT GGCATAACTC AAAATCCACA AGTGATTTGG CTGGATTGTA AATGACTTTT

GTTAGGTGCA GCACAACCAA TGACTTGCTT ATGTGGCTAA TAAATTGCA

ATTTTCTTCA GGCATAACTC  AAAATCCACA  AGTGATTTGG  CTGGATTGTA  AATGACTITT
mTT GCAACCTATG  AATTAAGAAC  TTCTATATAT TGCCAGTTAG  AAGACAGAAT
Rsal

GAAAAACATT CTCTTCATTC TAA. oo,

Figure 3.1 Sequence of amplified fragment in 5'-flanking @yiof CYP2E1 gene that includes G-1293C/C-1053T single nudaleoti
polymorphismsThe turquoise highlighted sequences are forwardrewerse primers, red highlighted nucleotide shtmgation of SlIP,

and the pink highlighted sequences showjillCHelODIBIlCSHOMIesictomenzym &stl andRsal, as indicated (the nucleotide sequence

is taken from http://www.ncbi.nlm.nih.gov).



The PCR products were digested separately by tswictton endonucleases,
Rsal for C-1053T andPstl for G-1293C SNPs as described in section 2.2.4:1.2
1053 position ofCYP2EL1 gene is occupied by C in wild type alleles, whilas
substituted to T in mutated alleles. In wild typedth C in position -1053, the PCR
products bear a recognition site for restrictionl@mcleasdrsal (recognition site:
5-GTIAC-3). Digestion withRsal cuts the PCR product with wild type allele,
producing two fragments of approximately 350 bp &Adp (Figure 3.2). However,
in the mutated allele, -1053 position is occupiethw, so there is no suitable
sequence thaRsal can recognize and cut PCR product. In this caggeston of
PCR products witliRsal yields one fragment of 412 bp, the PCR productfit3ée
heterozygotes would contain in total 3 bands igtles of 412, 350, and 50 bp.

In the case ofCYP2E1*5B variant allele, the 412 bp amplified region in 5'-
flanking of CYP2E1 gene includes a single nucleotide polymorphismuatieotide
position of -1293 which is occupied by G for wilgbe and occupied by C for the
mutant allele. When analysing tistl restriction endonuclease digestion results in
agarose gel as given in Figure 3.3, wild type imtlial would yield an undigested
single band of 412 bp sind&stl has no recognition site (recognition site Rstl is
5-CTGCAI G-3’) in the PCR product. However, in the mutatédle, that bears C
at position -1293, there is recognition site festl. ThereforePstl digestion will
result in two bands of approximately 300 and 10@dsggthe mutant type. As a result,
heterozygotes would contain three bands with 408, &d 100 bp. Figure 3.2 and
Figure 3.3 show schematic representation and rgaloae gel photograph of
restriction endonuclease digestion products forSNE&s of CYP2E1. The genotype
distribution and allele frequencies GYP2E1*5B polymorphism are given in Table
3.2.
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Wild type (-1053C) allele Mutant (-1053T) allele

|

5 GTAC 3 % GTAT 3
Incuba with Rsal Incubatioflivith Rsal
350 Db
- P 412 bp
5 3
50 bp
3
412 bp ———>
<350 bp

«—50bp

Wild type Homozygote Heterozygote
mutant

400 bp
300 bp

Figure 3.2 Schematic representation (upper part) and agagekelectrophoresis
(lower part) of restriction endonucleadesdl) digestion products for the C-1053T
SNP of CYP2E1*5B. In the gel photo lanes 3 anddietozygote (*1A/*5B); lanes
1, 2, 4, 6, 7, homozygous wild type (*1A/*1A). Alnes also contain a 50 bp band

which is not observable in the photo.
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Wild Type (-1293G) allele Mutant (-1293C) allele

Pstl Pstl
B G TGCAG 3 5 CTGCAG 3
Incubatiofwith Pstl Incubation with Pstl
412b 300 b
5 P 3 5 P
100 bp
31
412bp —
«———300 bp
«——100 bp
Wild type Homozygote Heterozygote
mutant
400 bp
300 bp
100 bp

Figure 3.3 Schematic representation (upper part) and agagebkelectrophoresis
(lower part) of restriction endonucleadest{) digestion products for the G-1293C
SNP of CYP2E1*5B. In the gel photo lanes 3 anddietozygote (*1A/*5B); lanes
1, 2, 4, 6,7, homozygous wild type (*1A/*1A).
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Table 3.2 Genotype distribution and allele frequencies G¥P2E1*5B SNP in

ischemic stroke patients and controls.

Patients Controls

(n=245) (n=145) OR(95%CI) P

CYP2E1*5B
Genotypes, n(%)
*1A*1A (clcl) 232 (94.7) 144 (99.3)

*1A*5B (c1c2) 13 (5.3) 1(0.7) 0.869(1.044-62.339) 0.017

*5B*5B (c2c2) 0 0
Allele frequency

*1A (c1) 0.973 0.996

*5B (c2) 0.027 0004 7-876(1.025-60.525) 0.019

A*5B*5B+*1 A*5B vs *1A*1A
P+5B vs *1A

In this study, a total of 245 ischemic stroke paseand 145 control subjects
were investigated for CYP2E1*5B polymorphism. Amathgm, 232 patients and
144 controls were homozygous wild type (*1A*1A) Wehil3 patients and 1 control
were heterozygote (*1A*5B). None of the patientsl aontrols had mutant genotype
(*5B*5B). There was significant difference in theergptype frequencies of
CYP2E1*5B between stroke patients and contiBts{.017).

The *1A (cl) allele frequency was found to be 0.8r8 0.996 in stroke patients
and controls, respectively. While *5B (c2) alleleduency of stroke patients and
controls was found to be 0.027 and 0.004, respagtiun the presence of mutant
allele, the risk of having stroke was approximaglymes significantly higher when
compared to wild type allelé€ 0.019).

3.2.1.2 Analysis of Genotypes ofCYP2E1*6Polymorphism

CYP2E1*6 polymorphism is a base substitution frorto A at position 7632 in
the intron 6 ofCYP2EL gene. This position is occupied by T in wild tygksles and
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A in mutants. In CYP2E1*6 polymorphism, *6 is useddesignate mutated allele
and *1A is used to designate wild type allele. The designation for mutated and
wild type alleles are C and D, respectively. Figud represents the partial
nucleotide sequence of the amplified region, witimprs, the SNP and recognition
sites ofDral. PCR products belonging to the T7632A SNP regio@YP2E1 were
subjected to digestion wittDral restriction enzyme. The amplified fragment
contained two recognition sites as shown in Figdire one of which included the
SNP in its sequence. The wild type alleles thataianT at position 7632, also bear a
recognition site around that nucleotide, enabliDdgal restriction endonuclease
(recognition sequence: 5’-TTTRAA-3") to cut the PCR product from that position.
But in the mutant alleles with A in position 763Rere is not a recognition site
around the SNP, preventimyyal to cut the fragment. Therefore, as the PCR prbduc
contains an additional recognition sequence foréis&riction enzyme, independently
from the presence or absence of SNP, the 1000 Bp BGduct is cut into two;
yielding 900 bp and 100 bp fragments ufaral digestion. In the wild type alleles,
as given in Figure 3.5, the 900 bp fragment ishierrtcut into 600 bp and 300 bp
fragments, as a second recognition site in thed@Oflagment is present. In mutated
allele, however, due to base substitution T to Apissent, the corresponding
recognition site is absent, and further digestiaesd not occur, resulting two
fragments of 900 and 100 bp. Accordingly, the eigdanding patterns upon
digestion of amplified region in intron 6 &@YP2E1l gene withDral restriction
enzyme is as follows: In homozygous wild types,spree of two recognition
sequences would yield three bands of 600, 300 &dbp, while in homozygous
mutants, as one recognition sequence around SNd3tiglue to base substitution,
only two bands of 900 and 100 bp, are expected.hEbterozygotes would contain in
total four bands in lengths of 900, 600, 300 an@ bf. The schematic and real
agarose gel photo is given in Figure 3.5. Distitoubf genotypes and frequencies of
allele for CYP2E1*6 polymorphism in stroke patieatsd controls are given in Table
3.3.
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GTGGTCTTAA  GGCTCGTCAG TTICTGAAAG  CAGGTATTAT AGGCTCTGAA  GTTATTTCCC

CCAAGAAAGT CGACATGTGA TGGATCCAG  GTCAGACCCT GGGCTTTIQT TGTTCTTTCC

TTCTTCTTCT TCTTTTTATT  TATTTATTT] TTTTTTTGAG ~ GGGACAGGGT  CTCAC..........
T7632A

ACCACCACAC  CCAGCTGATT AAAAA BAAAATTATT TTGGCTGGGC  ACAGTGGCTG

Dral
ATACCTGTAA  TCCTGGCACT  TT.cooveenee. e e
TAGGGGAACC  ATGGAATCAA AAAATGTERER BARTTATTAT TTAGTAGGAG  GTTCCAATAT
Dral
AGACAAAAGG  AAAATAAATA TGATTGACAT GTATATATCG ATTGCCA AAT  TGAACGTTTA
TTAACATTTT GCGATACTTC CATCAGAGCT CTAAAAAGA ...

Figure 3.4 Sequence of amplified fragment in intron 6 regioh CYP2E1 gene that includes T7632A single nucleotide
polymorphism The turquoise highlighted sequences are forwardranerse primers, red highlighted nucleotide shimeation of
B, and the pink highlighted sequences shoiliIElONISIlCSHONTesiclonenzyne al , as indicated. The dots indicates that
there are many nucleotides there, which are notsepted for convenience (the nucleotide sequencdaken from

http://www.ncbi.nlm.nih.gov).



Wild type (7632T) allele Mutant (7632A) allele

Dral Dral Dral Dral
S TTTAAA TTTAAA 3 5B ATTAAA TTTAAA 3
Incubation|with Dral Incubatio@@with Dral
5300 bp 5 900 bp
600 bp 100 bp
100 bp 3 3

Wild type Homozygote Heterozygote
mutant

900 bp

300 bp

100 bp

Figure 3.5 Schematic representation (upper part) and agagekelectrophoresis
(lower part) of restriction endonucleaderdl) digestion products for the T7632A
SNP of CYP2E1*6. In the gel photo lanes 2, 3, 576homozygous wild type
(*1A/*1A); lane 4; heterozygote (*1A/*6); lane 1pmozygous mutated (*6/*6).
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Table 3.3 Genotype distribution and allele frequencies @WfP2E1*6 SNP in

ischemic stroke patients and controls.

Patients Controls

(n=245) (n=145) OR(95%Cl) P

CYP2E1*6

Genotypes, n(%)

*1A*1A (DD) 212 (86.6) 126 (86.9)

*1A*6 (DC) 29 (11.8)  19(13.1) 1.037 (0.563-1.892) 0.918

*6*6 (CC) 4 (1.6) 0
Allele frequency
*1A (D) 0.924 0.934

- 0.601
*6 (C) 0.076 o066 1164 (0.657-2.067)

%6*6+*1A*6 vs *1A*1A
b*6 vs *1A

For the CYP2E1*6 polymorphism, 86.6% patients ar®d9% controls had
homozygous *1A*1A genotype. The percentage of *1A&erozygous individuals
were 11.8% and 13.1% in the stroke patients antr@enrespectively. On the other
hand, there were only 1.6% homozygous mutated ithgils among stroke patients
and not any homozygous mutated individual amongrotsn Both wild type and
mutated allele frequencies were similar in patemd control groups. So, there was
no significant difference between patients and radsitwith respect to genotype

distribution and allele frequencies.
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3.2.1.3 Analysis of Genotypes ofCYP2E1*7BPolymorphism

CYP2E1*7B polymorphism is at position -71 near tRATA box of the
CYP2E1 gene. The sequence of the PCR product, showingriheers, the single
nucleotide polymorphism and the recognition sitereftriction enzymeDdel is
presented in Figure 3.6. In CYP2E1*7B polymorphisifB is used to designate
mutated allele and *1A is used to designate wifgetgllele. The old designation for
mutated and wild type alleles are T and G, respelgti PCR products belonging to
the G-71T SNP region of CYP2E1 were subjected gestion withDdel restriction
enzyme. Wild type alleles possess the nucleotidat @Gosition -71, and a suitable
recognition sequence is present el restriction enzyme (recognition sequence:
5-C1TNAG-3’). So wild type alleles result in 310 and 50 bp bari@is the other
hand, in mutated individuals, the nucleotide atitpms -71 is T, which leads to
absence of a suitable recognition site for therimgin enzyme. Homozygous
mutated individuals yield undigested PCR product360 bp long. Therefore,
heterozygous individuals have three fragments 3@0,and 50 bp long. Figure 3.7
shows schematic representation and real agarosngtl. Table 3.4 summarizes the

genotype distribution and allele frequencies of QEP*7B polymorphism.
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GCATGGGGAT GIGGCTGGAG [TTCCCCGITG TCTAACCAGT GCCAAAGGGC AGGACGGTAC
CTCACCCCAC GTTCTTAACT ATGGGTTGGC AACATGTTCC TGGATGTGTT TGCTGGCACA
GTGACAGGTG CTAGCAACCA GGGTGTTGAC ACAGTCCAAC TCCATCCTCA CCAGGTCACT
GGCTGGAACC CCTGGGGGCC ACCATTGCGGGAATCAGCCT TTGAAACGAT GGCCAACAGC
AGCTAATAAT AAACCAGTAA TTTGGGATAG ACGAGTAGCA AGAGGGCATT GGTTGGTGGG

TCACCCTCCT  TEHGAEBAACA  CATTATAAAA ACCTTCCGTT TCCACAGGAT TGTCTCCCGG
Ddel
GCTGGCAGCA  GGGCCCCAGC  ..ccococueee.

Figure 3.6 Sequence of amplified fragment covering the G-7iAgls nucleotide polymorphism ofYP2E1l. The turquoise
highlighted sequences are forward and reverse psimed highlighted nucleotide shows locatiorflBilgSind the pink highlighted

sequences show thENECOGNIIONMSIlESIoIesmeEnzyme Ddel, as indicated (the nucleotide sequence is takem fr

http://www.ncbi.nlm.nih.gov).



Wild type (-71G) allele Mutant (-71C) allele

S CTCAG 3 5 CTCAT 3
Incubation with Ddel Incubati ith Ddel
310 bp 360 bp
5 5 3
50 bp
31
«———360 bp
<«——310 bp

<~—=50 bp

Wild type Homozygote Heterozygote
mutant

400 bp
300 bp

Figure 3.7 Schematic representation (upper part) and agareselgctrophoresis
(lower part) of restriction endonucleagxdgl) digestion products for the G-71T SNP
of CYP2E1*7B. In the gel photo Lanes 1, 4-6 homamyg wild type (*1A/*1A);
lane 2; heterozygote (*1A/*7B); lane 3, homozygoustated (*7B/*7B).
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Table 3.4 Genotype distribution and allele frequencies GfP2E1*7B SNP in

ischemic stroke patients and controls.

Patients Controls

(n=245) (n=145) OR(95%CI) P

CYP2E1*7B
Genotypes, n(%)

*1A*1A (GG) 210 (85.7) 123 (84.8

*]A*7B (GT)  31(12.7) 20(13.8 0.937 (0.523-1.661) 0.811

*7B*7B (TT) 4 (1.6) 2 (1.4
Allele frequency
*1A (G) 0.920 0.917
- 0.875
V1B (D) 0.080 00g3 0-958 (0.564-1.629)

%7B*7B+*1A*7B vs *1A*1A
P+7B vs *1A

In this study, a total of 245 ischemic stroke paBeand 145 control subjects were
investigated for CYP2E1*7B polymorphism. Among the2iO patients and 123
controls were homozygous wild type (*1A*1A) whil81 patients and 20 controls
were heterozygote (*1A*7B). Four and 2 homozygousitated (*7B*7B)
individuals were found in stroke patients and colsirrespectively. Therefore, there
is no significant difference in the CYP2E1*7B geypt frequencies between stroke
patients and controls. The *1A allele frequency vedimost the same in stroke
patients (0.920) and controls (0.91750.875). When compared to stroke patients
(0.080), the variant *7B allele frequency was foundbe nearly same in control
group (0.083).
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3.2.1.4 Combination Analysis of CYP2E1 Polymorphisms

In this study, three different CYP2E1 polymorphismamely CYP2E1*5B,
CYP2E1*6 and CYP2E1*7B were studied. The effectref combination of these
polymorphisms on stroke risk was analyzed and tesedre given in Figure 3.8. The
patients and controls according to genotypes werepgd under two categories such
as “risk” and “no risk”. For CYP2E1l polymorphismahile mutated allele was
considered as risky allele, wild type allele was+ngky allele in this study.
Furthermore the subjects carrying mutated alleleevgeouped under “risk” title and
subjects carrying wild type allele were grouped amtho risk” title. In addition
heterozygote genotype was thought as risky genadyigeincluded in risky group.
Co-presence of CYP2E1*5B and CYP2E1*6 polymorphismas found to increase
the risk of stroke almost 4.9-fold, which was ntattistically significant P=0.101).
In risky control group, there was no subjects vaitly of CYP2E1*5B-CYP2E1*7B,
CYP2E1*6-CYP2E1*7B and CYP2E1*5B-CYP2E1*6-CYP2E1*TBplotypes.

OR=4.87,
100 , 95%CI=0.602-39.395,
P=0.101 @ Patient (no risk)
(/) m—
° 80 ] @ Patient (risk)
c — —
Q @ Control (no risk)
© 60 _
% @ Control (risk)
o 40
c
Q
F 20
X
0
*5B-*6 *5B-*7B *6-*7B *5B-*6-*7B

Double and Triple Combined Polymorphisms of CYP2EIEnzyme

Figure 3.8 The double and triple combination of CYP2E1*5B, @E2*6 and

CYP2E1*7B SNPs.
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3.2.2 FMO3 Polymorphisms

3.2.2.1 Analysis of Genotypes of FMO3 G472A Polymorphism

The 615 bp amplified region in the exon 4 of FMGéhg included a single
nucleotide polymorphism at nucleotide position @24This position is occupied by
G in wild type alleles and A in mutants. Figure Bepresents the partial nucleotide
sequence of the amplified region, with primers, 8P and recognition sites of
Hinfl. The amplified fragment contains three recognitgies for the restriction
enzymeHinfl (recognition sequence fofinfl is: 5'-GI ANTC-3’), one of them is
present only if the nucleotide at position 472 dsupied by G (wild type allele), the
other two are present in any condition. Upon digestith the restriction enzyme
Hinfl, the PCR product is cut into three bands of 283205 bp and 127 bp long,
independently from the SNRAs shown in Figure 3.1Qyild type individuals, the
nucleotide at position 472 is G, which createsdutiteonal recognition site fadinfl,
hence upon digestion with the restriction enzyrhe,283 bp band is further cut into
217 bp and 66 bp bands. On the other hand, mutg@ &lleles possess the
nucleotide A at position 472, and a suitable redegnsequence is not present for
Hinfl restriction enzyme in this case. So, mutatedeslegsult in 283 bp, 205 bp and
127 bp bands. Therefore, heterozygote individualslevyield five fragments such
as 283 bp, 217 bp, 205 bp, 127 bp and 66 bp lohg.sthematic representation and
real agarose gel photo is given in Figure 3.10. géeotype distribution and allele
frequencies of FMO3 G472A polymorphism are giveable 3.5. There were 109
(44.5%) homozygous wild type, 57 (23.3%) heteroxygoand 79 (32.2%)
homozygous mutated individuals in patient groupe fiutated (A) allele frequency
was 0.439 while the wild type allele (G) frequenegs 0.561 in patients. In control
group of 145 individuals, 39.4% were homozygousdwiype (GG), 30.3%
heterozygous (GA) and 30.3% homozygous mutant (9. It was observed that
among the controls, G and A allele frequency wexnd to be 0.545 and 0.455,

respectively.
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TATCTGCCAA
ACATTTGTAT

ACCACTGAAA

GGACATCATG

GCTGCTAGCC
GTATAAGCAG
ATAGCACATT

AATATATEGAS
Hinfl
AGGCAAATGC

CCTGGTGGTT
AGAACAGGTA

Figure 3.%equence of amplified fragment covering the G47@Wle nucleotide polymorphism ¢MO3. The turquoise highlighted

sequences are forward and reverse primers, redidtitgd nucleotide shows location B8NP, and timi pighlighted sequences show

the fECOONItIONISIESHONTesiclonenzy minfl, as indicated (the nucleotide sequence is taken Fttp://www.ncbi.nim.nih.gov).

AACCATTTGC
CCAGTGTAAA

GGGATGGTAA

TGTATCCCAA

ACATAACTGA
GTTAAATTAA
ATTGTGACTG
FEAAACTGCC

TTCCACAGCA

GGCCTGGGGA

CTACTCCCCG

TAGCATAGAA
TAAACATCCT

AAAA GG

Hinfl
CCTACCAAAA

CAAAAATGAA
AATATACTTC

CATCTATTCA
ATGTATTTCT

GGGACTATAA

ATTCGGGCTG

GGTACTCGGG

AAGAGGGATT
GATTTTGCAA

GCTGTCTTTG

BAGTEcCTTTC

Hinfl
TATCTTGATA

TGTTATATCT
CAAGGTCGCT
CACTTTTCAC

AGAACCAGGT

TGATATTGCC

TGACTCTCGT

TCTTTCTGTA
CTACTGGCCA

ATGCTGTAAT

CAGGTAAGGC

ATGTCTTCTT
AATATGCTTG
TCTGTTAAG
TCAGGACTAA

GTATTCAATG
ACAGAACA
TACTGACAGA

TTTCTCTTAG
GTGGGATGTT

GGTTTGTTCC

CAAAATTTAA

TTTTCTAAAA
GTGTGTTAAA
TCTTTGTTTA
ACCACTTTAA

GAAAGCGTGT
GCCGCACAGC
AGAGTTATTA



Wild type (472G) allele Mutant (472A) allele

Hinfl Hinfl Hinfl Hinfl Hinfl Hinfl
F=GAATC==GAGTCmm GAATC =13’ 5'==AAATC == GAGTC==GAATC =3’
Incubationjwith Hinfl Incubatior@ith Hinfl
217 bp 283 bp
e T — 5
66 bp 205 bp
205 b
<cooop 127 bp o
127 bp 4 —

+———283 bp

«———217bp
205 bp ,

127 bp .

<———66 bp

Wild type Homozygote Heterozygote
mutant

5 6 7 8 9 10 11

283 bp____, <+——300 bp
217,205 bp—> <«—200 bp
127 bp—» +—150 bp
<«— 100 bp
66 bp—»
<+«——50 bp

Figure 3.10 Schematic representation (upper part) and agarelselectrophoresis
(lower part) of restriction endonucleaddirffl) digestion products for the G472A
SNP of FMO3. In the gel photo lanes 2, 5, 6, 8-@thbzygous wild type (472GG);
lanes 7 and 11; heterozygote (472GA); lanes 1, &mozygous mutated (472AA).
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Table 3.5 Genotype distribution and allele frequencies of FMG472ASNP in

ischemic stroke patients and controls.

Patients Controls
OR(95%Cl) P

(n=245, (n=145;
FMO3G472A
Genotypes, n(%)
GG 109 (44.5) 57 (39.4)
GA 57 (23.3) 44 (30.3) 0.808°(0.532-1.227)  0.31
AA 79 (32.2) 44 (30.3)
Allele frequency
G 0.561 0.545 b

0.936 " (0.699-1.253) 0.656

A 0.439 0.455

*GA+AA vs GG

b
A vs

3.2.2.2 Analysis of Genotypes of FMO3 A923G Polymorphism

FMO3 A923G polymorphism is a base substitution frarto G at position 923
in exon 7 and the PCR region involving the SNP 4@8 bp long. The sequence of
the PCR product, showing the primers, the singldeatide polymorphism and the
recognition site of restriction enzymirall is presented in Figure 3.1PCR
products belonging to the A923G SNP region of FM@3e subjected to digestion
with Drall restriction enzyme. When analysing tbBeall restriction endonuclease
digestion results in agarose gel given in Figule 3wild type individual would yield
an undigested single band of 408 bp siDcall has no recognition site (recognition
site forDrall is 5’-RGI GNCCY-3’) in the PCR product. However, in the matht
allele, that bears G at position 923, there is gaitmn site forDrall. Therefore
Drall digestion will result in two bands of 293 and Hbfor the mutant type. As a
result, heterozygotes would contain three bandk 4@8, 293 and 115 bp. Figure
3.12 shows schematic representation and real aggeiphotograph. The genotype
distribution and allele frequencies of FMO3 A923@lymorphism are given in
Table 3.6.
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TACACTTCCA
AACGATGAGC

GAATTCACAB
GTAATCTTTG

A GCAGAAACA
CCATAGCAGT
AGTCCCGCTG

AAGATGAATG

ATAATTGICT
TCCCAGCAAG

€
CGGC

Drall
CAACAGGGTA
ATGAGATCAT
GATTGGCTTT
GGCAGCACAA

CTGTTTTCCA
CATTCTGTGT

CATTTTTGAG

TAGTTTTGCC

TTTATTTAAAG
GTCCAGTCCC
GTAATAAAGG

TACAGAGTCC
GGCATTGTGT

GATGGGACCA

TACCCCTTCC

GAGTATTTCC
TTGGGGCTGC

GTAAGTCAAT

TGAGGAAAGA
CCGTAAAGCC

TATTTGAGGG

TTGATGAGTC
TCCTCTACTT
CATTCCCACA
AAAGAGGCTC

GCCTGTATTT
TAACGTGAAG

CATTGACTGT

TATCATCAAA
GAGAAGTCAA
GTTGACCTCC
ATGGATTGCG

Figure 3.11 Sequence of amplified fragment covering the A928@Ggle nucleotide polymorphism dfMO3. The turquoise
highlighted sequences are forward and reverse pgimed highlighted nucleotide shows locatiorflBigsiend the pink highlighted

sequences show thEECONItIONMSIESIIoIMesmemnzyme Drall, as indicated (the nucleotide sequence is takem fr

http://www.ncbi.nlm.nih.gov).



Wild type (923A) allele Mutant (923G) allele

S GAGTCC T 3 5. GGGTCC e 3’
Incubation@@ith Drall Incubation with Drall
408 bp 293 bp
5 3 5
115 bp
3

Wild type Homozygote Heterozygote
mutant

408 bp
293 bp

115 bp

Figure 3.12 Schematic representation (upper part) and agagekelectrophoresis
(lower part) of restriction endonucleaderéll) digestion products for the A923G
SNP of FMO3. In the gel photo lanes 1-5, 9 homomggeild type (923AA); lanes
6, 7; heterozygote (923AG); lane 8, homozygous tadté023GG).
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Table 3.6 Genotype distribution and allele frequencies of ®A923G SNP in

ischemic stroke patients and controls.

Patients Controls

(n=245) (n=145) OR(95%CI) P
FMO3A923G
Genotypes, n(%)
AA 214 (87.3) 129 (89.0)
AG 30 (12.3) 16 (11.0) 1.168 (0.615-2.219) 0.635
GG 1(0.4) 0
Allele frequency
A 0.935 0.945
G 0.065 0055 1196 (0.645-2.221) 0.569

*AG+GG vs AA
bG vs A

For the FMO3 A923G polymorphism, 87.3% patients 8ad)% controls had
homozygous wild type (AA) genotype. The percentadgeheterozygous (AG)
individuals was 12.3% and 11.0% in the stroke p&giend controls, respectively.
On the other hand, there were only 0.4% homozygoutated (GG) individuals
among stroke patients and not any homozygous ntuiatividual among controls.
Both wild type and mutated allele frequencies w&reilar in patient and control
groups. So, there was no significant differencevben patients and controls with

respect to genotype distribution and allele freqie=n

3.2.2.3 Combination Analysis of FMO3 Polymorphisms

Figure 3.13 shows the analyses of combinationswaf SNPs of FMO3
polymorphism as risk factor for the developmentstifoke. Again patients and

controls were grouped under “risk” and “no riskiles according to genotypes. For
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FMO3 polymorphisms while mutated allele was consdeas risky allele, wild type
allele was non-risky allele in this study. Furthermthe subjects carrying mutated
allele were grouped under “risk” title and subjectsrying wild type allele were
grouped under “no risk” title. In addition hetergpye genotype was thought as risky
genotype and included in risky group. The percemtaigdouble combined SNPs of
FMO3 was lower in risky patient group (12.2%) wleempared to non-risky patient
group (44.1%). Similarly in risky control group (D%) the percentage of double
combined SNPs was found to be lower than non-riskyrol group (39.3%).

OR=0.989, _ ,
B Patient (no risk)
95% CI=0.498-1.966, . .
50 - | Patient (risk)
" P=1.000 ,
2 B Control (no risk)
5 40 - ;
c B Control(risk)
@)
o 30
c
]
£ 20 -
Q2
©
o 10 -
X
0 -

G>A-A>G
Double Combined Polymorphisms of FMO3 Enzyme

Figure 3.13The double combination of FMO3 G472A and FMO3 AGZ23NPs.
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3.3 Polymorphisms of Phase Il Enzymes

3.3.1 NQO1 Polymorphism

3.3.1.1 Analysis of Genotypes of NQO1*2 Polymorphism

NQO1*2 single nucleotide polymorphism is a C to &sé substitution at
position 609 of NQO1 cDNA. In NQO1*2 polymorphisr® is used to designate
mutated allele and *1 is used to designate wilcetgflele. The old designation for
mutated and wild type alleles are T and C, respelgti The amplified PCR product
in exon 6 bears two recognition sites for the retstn enzymeHinfl (recognition
sequence foHinfl is: 5’-GI ANTC-3’), one of them is present only when nucldeti
at position 609 is occupied by T (mutated alleld)e other is present in any
condition. Figure 3.14 presents the sequence ofoappately 250 bp long PCR
product in exon 6 oNQO1, highlighting the sequence of primers, locatiorSOfP
and the recognition sequence of the restrictiorymezHinfl. Upon digestion with
the restriction enzymiinfl, the PCR product is cut into two bands of 210 g 40
bp long, independently from the SNP. Wild type labepossess the nucleotide C at
position 609, and a suitable recognition site i$ paesent forHinfl restriction
enzyme in this case. So, wild type alleles resuR10 bp and 40 bp bands as shown
in Figure 3.15. On the other hand, in mutated iildigls, the nucleotide at position
609 is T, which creates an additional recognitiib@ ®r Hinfl, hence upon digestion
with the restriction enzyme, the 210 bp band ishier cut into 150 bp and 60 bp
bands. Schematic representation and real agarbgihge is given in Figure 3.15.
Genotype distribution and allele frequencies of N@®polymorphism are given in
Table 3.7.
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GGTTGACTTA CCICTCTGTG CTITCTGTAT CCTCAGAGTG GCATTCTGCA TTTCTGTGGC

C6091
TTCCAAGTCT TA.TCA ACTGACATAT AGCATTGGGC ACACTCCAGC AGACGCCGA

Hinfl
ATTCAAATCC TGGAAGGATG GAAGAAACGC CTGGAGAATA TTTGGGATGA GACACCACTG

ATTTTGCTCC AAGCAGCCTC TTTGACCTAAA CTTCCAGGCA GEAFFETTAA TGAAAAAAGA
Hinfl

GTGGGCCATC ACTTGGGCAA GTCCATCCC

Figure 3.14 Sequence of amplified fragment covering the NQO&it&le nucleotide polymorphisnThe turquoise highlighted

sequences are forward and reverse primers, redighiggd nucleotide shows location [Bll@NP, and timk pighlighted sequences

show the [HECOONILIONIISICSINIOINICSTictionmmenzyndinfl, as indicated (the nucleotide sequence is takewm fr

http://www.ncbi.nlm.nih.gov).



Wild type (609C) allele Mutant (609T) allele

Hinfl Hinfl Hinl Hinfl
S GAA CC GlATTC 3 G GAATC GATTC 3’
Incubatiorlith Hinfl Incubatlwith Hinfl
210 bp ,_50 bp
o i 5
40 bp 3 160 bp
40 bp3,
210 bp—
«—160 bp
«~——50 bp
40 bp
Wild type Homozygote Heterozygote
mutant
1 2 3 4 5 7 8 9
| — [ ﬁ
150 bp

Figure 3.15 Schematic representation (upper part) and agarelselectrophoresis
(lower part) of restriction endonucleaddirgfl) digestion products for the C609T
SNP of NQOL1. In the gel photo lanes 1-3 homozygeils type (*1/*1); lanes 4-6;
heterozygote (*1/*2); lanes 7-9, homozygous mutgt@é+2). All lanes also contain

a 40 bp band which is not observable in the photo.
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Table 3.7Genotype distribution and allele frequencies of NG®DSNP in ischemic

stroke patients and controls.

Patients  Controls
(n=245) _ (n=145) OR(95%Cl) P
NQO1*2
Genotypes, n(%)
1*1 (CC) 153 (62.4) 74 (51.0)
72 (€T) 81(33.1) 66 (45.5) 0.627(0.414-0.950) 0.027
*2¥2 (TT) 11 (4.5) 5 (3.5)
Allele frequency
*1 (C) 0.789 0.737
*2 (T) 0211 0.263 0.73¢ (0.527-1.038) 0.080

CT+TT vs CC
tLF vs C

In this study, a total of 245 ischemic stroke pagseand 145 control subjects
were investigated for NQO1*2 polymorphism. Amongrth 153 patients and 74
controls were homozygous wild type while, 81 paseand 66 controls were
heterozygote. Eleven patients and 5 controls hadolzggous mutated genotype.
Therefore, there is significant difference in thengtype frequencies of NQO1*2
polymorphism between stroke patients and contibie *1 allele frequency was
found to be 0.789 in stroke patients and 0.737omtrols. While *2 allele frequency

of stroke patients and controls were 0.211 and3).&&pectively.
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3.3.2 GST Polymorphisms

3.3.2.1 Analysis of Genotypes of GSTP1 A313G Polymorphism

GSTP1 A313G single nucleotide polymorphism is abAGt base substitution at
position 313 of GSTP1 cDNA coding for an isoleuctoevaline change at position
105 in the amino acid structure of the protein. @hwplified PCR produdh exon 5
bears two recognition sites for the restriction yene BsmAl (recognition site for
BsmAl is 5-GTCTCN. -3’) , one of them is present only when nucleotide attjom
313 is occupied by G (mutated allele), the othgrressent in any condition. Figure
3.16 presents the sequence of approximately 424rigpPCR product in exon 5 of
GSTP1, highlighting the sequence of primers, locationSHP and the recognition
sequence of the restriction enzyrBamAl. Upon digestion with the restriction
enzymeBsmAl, the PCR product is cut into two bands of 132 bg 292 bp long,
independently from the SNP. Wild type alleles pesshe nucleotide A at position
313, and a suitable recognition site is not pregarBsmAl restriction enzyme in this
case. So, wild type alleles result in 132 bp an2l @9 bands as shown in Figure 3.17.
On the other hand, in mutated individuals, the eoiitle at position 313 is G, which
creates an additional recognition site #smAl, hence upon digestion with the
restriction enzyme, the 292 bp band is further ot 222 bp and 70 bp bands.
Figure 3.17 shows schematic representation andagsiose gel photo. Genotype
distribution and allele frequencies of GSTP1 A31B@ymorphism are given in
Table 3.8.
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AGCCCTCTGG AGTGGAGGAA ACTGAGACCC ACTGAGGTTA CGTAGTTTGC CCAAGGTCAA

GCCTGGGTGC CTGCAATCCT TGCCCTGTGC CAGGCTGCCT CCCAGHIC AGGTGAGCTC

TGAGCACCTG CTGTGTGGCA EBBE@IEICATC CTTCCACGCA CATCCTCTTC CCCTCCTCCC

BsmAl

AGGCTGGGGC TCACAGACAG CCCCCTGGTT GGCCCATCCC CAGTGAGT GTGTTGATCA

GGCGCCCAGT CACGCGGCCT GCTCCCCTCC ACCCAACCCC AGGGORT GGGAAGGACC

AGCAGGAGGC AGCCCTGGTG GACATGGTGA ATGACGGCGT GGAGGACCTC CGCTGBAT
€

AC CT CATCTACACC AACTATGTGA GCATCTGCAC CAGGGTTGGG CACTGGGGGC
BsmAl

TGAACAAAGA AAGGGGCTTC TTGTGCCCTC ACCCCCCTTA CCCCTCAGGT GGCTTGGT

GACCCCTTCT TGGGTCAGGG TGCAGGGGCT GGGTCAGCTC TGGGOBBG GCCCAGGGGC

Figure 3.16 Sequence of amplified fragment covering the A313@&le nucleotide polymorphism d&STP1. The turquoise
highlighted sequences are forward and reverse psimed highlighted nucleotide shows locatiofflBlESknd the pink highlighted

sequences show tHENIECOONItIONNSIESMIOMIesneaaZyme BsmAl, as indicated (the nucleotide sequence is takem fr

http://www.ncbi.nlm.nih.gov).



Wild type (313A) allele Mutant (313G) allele

[Bsmal | |Bsmal | [Bsmal | [Bsmal |
5 ATCTCG GTCTCC 3 5 cTeTce GTCT(l:C 3
Incubatiolith BsmaAl Incubatiolith BsmaAl
292 bp . 222bp
57 5 S
132 bp . 132 bp
70 bp

31

292 bp ——

132 bp——
«——70bp

Wild type Homozygote Heterozygote
mutant

300 bp
<250 bp

150 bp
100 bp

Figure 3.17 Schematic representation (upper part) and agagekelectrophoresis
(lower part) of restriction endonucleadgsAl) digestion products for the A313G
SNP of GSTPL1. In the gel photo lanes 1, 2; homoayguald type (313AA); lanes 5,
6; heterozygote (313AG); lanes 3, 4; homozygousatedt(313GG).
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Table 3.8 Genotype distribution and allele frequencies of BETA313G SNP in

ischemic stroke patients and controls.

Patients Controls

(n=245)  (n=145) OR(95%Cl) P
GSTP:
Genotypes, n(%)
AA 133 (54.3) 73 (50.3)
AG 88(35.9) 50 (34.5) 0.854 (0.566-1.288) 0.451
GG 24(9.8) 22(15.2)
Allele frequency
A 0.722 0.676
G 0.278 0324 0-801(0.584-1.098) 0.167

*AG+GG vs AA
bG vs A

There were 133 (54.3%) homozygous wild type, 889®85 heterozygous and
24 (9.8%) homozygous mutated individuals in patgnoup. The mutated (G) allele
frequency was 0.278 while the wild type allele ffquency was 0.722 in patients.
In control group of 145 individuals, 50.3% were famygous wild type (AA), 34.5%
heterozygous (AG) and 15.2% homozygous mutant {@®). It was found that
among the controls A and G allele frequency werndbto be 0.676 and 0.324,
respectively. Therefore, distribution of genotyped aallele frequencies was not

statistically different between stroke patients aadtrols.
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3.3.2.2 Analysis of Genotypes of GSTM1 and GSTT1

GSTM1 and GSTT1 genes possess null polymorphismshwdre resultant of
deletion of the genes, so that enzyme is not egpceNull polymorphisms of both
genes were detected by multiplex PCR, where araglfiCR products were selected
from the regions coding for the gene. Figure 3.i&s@nts the sequences amplified
for GSTM1 and GSTT1 from chromosomes 1 and 22 ewspely, where the genes
located. Figure also shows the sequence of angpliggion of CYP1Al gene in
chromosome 15. CYP1A1 gene is not polymorphic amelamplified in any case. It
is used as internal control, to assure that theratesof the band is due to deletion of
the gene, not from the unsuccessful PCR. The PCétumecontained primer pairs
for all three genes (GSTM1, GSTT1 and CYP1Al) afidttaee regions were
amplified at the same time.

Both for GSTM1 and GSTTL, if the gene is deletét PCR product is not
produced; on the other hand, if the gene is presentthe chromosome, the
amplification reaction yields a product. In hetgmgates, one allele possessing the
gene results in amplification of PCR product. Sespnce of the band denotes that
the individual is either homozygous wild type ortdrezygous, expressing the
enzyme in either case. Absence of the band shaatghé individual is homozygous
mutated, and does not express the enzyme. Figut® PBresents schematic
representation and an example for the agaroseegtaphoresis result of multiplex
PCR. The multiplex PCR results in a band of 215dsypGSTM1, 480 bp band for
GSTT1, and 312 bp band for CYP1Al, the internaltmdnTable 3.9 summarizes
the genotype distribution of both GSTM1 and GSTHlymorphisms in ischemic
stroke patients and controls.
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vOT

GSTT1

CYP1A1l

GSTM1

Figure 3.18 Sequence of amplified fragments of GSTT1, CYP1Ad &STM1 genes, in order. The turquoise highliglteguences are

GAACAAGGCC
GCTGATGCAT
GCTGAAGTCC
AACACCTCCT
CATCCATCCC
CGAAGGCCGA
CCTCTTCCAG
CACCATAAAG

GGAGCTCCAC
GTTACAGGAA
ATGGTGCTAT
AGTGTATCGG
AACGGGTGGA
TAACCATGAA

GTACTTGGAG
ATGGTTTGCA
CACGTGTTAT
TTTTCTCGTC

TTCCTTACTG
GTGAGTGCTG
TGCTTATGCT
GGAGATCTGT
CAGTCTGTAC
CCCAAGCTGG
GAGGCCCATG
CAGAAGCTGA

TCACTTGACA
GCTATGGGTC

CGACAAGGTG
TGAGACCATT

ATTCAGCGTG
GCATGCCTGC

GAACTCCCTG
GGAAACAAGG
GGAGGTTCCA
TATGATGTCC

GTCCTCACAT
TGGGCAGGTG
GCCACACCGG
GGTCCCCAAA
CCTTTTCCCC
CCACATGGCG
AGGTCATTCT

TGCCCTGGGT

CTTCTGAGCC
AACCCATCTG
TTAAGTGAG
GCCCGCTGGG
CCACTGGGCG
TGTGAGCACT

AAAAGCTAAA
TAAAGGAGGA
GCCCACATAT

TTGACCTICCA

CTCCTTAGCT GACCTCGTAG
AACCCACTAG GCAGGE&EC
GCTATGGCAC TGTGCARG
TCAGATGCTG  CCCATQACTG

ACAGCCCGTG GGTGCTGET
GCAGCGCGTG GAGGCEEG
GAAGGCCAAG GACTTGIAC
GCTGGCCATG ATCCGGTGAG

CTGAACTGCC ACTTCAGCTG

AGTTCCTACC  TGAACGUGIT
AGGTGATTAT CTTTGGCAG
AGGTCTTTCT CTTCCBET

TGAAGGTGGA CATGAGIC
TCCAAATGCA GCTGCGCT...

GCTCTACTCA  GAGTTTCTGG
GTGATATGGG GAATGAGTC
TCTTGGCCTT CTGCAGKCA
CCGTATATTT  GAGCCCAAGT

forward and reverse primers (the nucleotide seqentaken from http://www.ncbi.nim.nih.gov).

CCATCACGGA

CTGGCTAGTT
TGTGTGTGCA
CCCTCACAAC
GCCAAGTCTT
TGGGGGAGGA
CTGCAGACCC
CTGGG....

TCTCCCTCTG
CTCACCCCTG
GGCAAGCGGA
ATCCTGCTGC
ATCTATGGGC

GGAAGCGGCC
TGTTTTGCTT
CTTTTGTAGA



GSTM1/GSTT1
doublenull

GSTM1 null

GSTM1/GSTT1
present

GSTT1null

Figure 3.19 Schematic representation and real agarose gelragdboresis of
GSTM1 and GSTT1 PCR products. In the gel photoedard, 2; GSTM1
present/GSTT1 present, lanes 3, 4, GSTM1 preseéit/T& null, lanes 5, 6; GSTM1
null/GSTT1 present, lanes 7,8; GSTM1 null/GSTT1l.nul
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Table 3.9Genotype distributions of GSTM1 and GSTT1 polyninsms in ischemic

stroke patients and controls.

Patients  Controls
R(95%ClI P
(n=245)  (n=145) OR(95%Cl)
GSTM1
Genotypes, n(%)
Present 113 (46.1) 56 (38.6)
- 0.148
Null 132 (53.9) 89 (61.4) 0.735 (0.484-1.117)
GSTT1
Genotypes, n(%)
Present 177 (72.2) 110 (75.9)
- 432
Null 68 (27.8) 35 (24.1) 1.207 (0.753-1.936) 0.43

ab
null vs present

For the GSTML1 polymorphism, 46.1% patients and @8dontrols had GSTM1
present genotype. The percentage of null genotwaess53.9% and 61.4% in the

stroke patients and controls, respectively. On dtiteer hand, for GSTT1 present

genotype, patient group had lower frequency (72.2%¢n compared to control

group (75.9%). The GSTT1 null genotype frequencys i@und to be 27.8% in

patients, while 24.1% in controls. But there wassmgnificant difference between

patient and control groups with respect to GSTMA @GS TT1 genotype distribution.

3.3.2.3 Combination Analysis of GST Polymorphisms

Figure 3.20 presents the analyses of combinatidériiree polymorphisms of

GST enzyme as risk factors for the developmensdiemic stroke. The percentage
of GSTM1 and GSTT1 double combined polymorphism feasd to be higher in
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patient non-risky group (36.3%) than risky patignbup (18.0%). Similarly non-
risky control group (33.8%) had greater percentagdouble combined GSTM1 and
GSTT1 polymorphisms when compared to risky conggalup (19.3%). Therefore
double combined GSTM1 and GSTT1 polymorphisms weo¢ found to be
significant risk factor for stroke. In addition, vedserved that in terms of GSTM1
and GSTP1 double combined polymorphisms there wasignificant difference in
risky and non-risky patient and control groups. Wieembinations of two SNPs on
the same individual was considered as risk faatombination of GSTT1 and
GSTP1 A313G polymorphisms was found to increaserisie of stroke 1.2-fold
(95% CI: 0.618-2.307P=0.598), but the results were statistically insiigant.
When triple combined GST polymorphisms were tak#a tonsideration there was
no significant risk for stroke.

OR=1.193
45 - 95%CI:0.618-2.307 M Patient (no risk)
OR=0.865 P=0.598 ) )
| 95%CI:0.480-1.558 B Patient (risk)
40 -
0 P=0.629 ] m Control (no risk)
S 35 OR=0.625 '
= 95%CI:0.346-1.13 B Control (risk)
g3 P=0.120 OR=0.721
T 25 - 95%Cl:0.321-1.624
© P=0.429
8 20
c
Q
= 15 1
a
$ 10 -
5 .
O -

M1-T1 M1-P1 T1-P1 M1-T1-P1
Double and Triple Combined Polymorphisms of GST Engme

Figure 3.20 The double and triple combination of GSTP1, GSTMid GSTT1
SNPs
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3.4 NOS3 Polymorphisms

3.4.1 Analysis of Genotypes of NOS3 G894T Polymorphism

NOS3 G894T single nucleotide polymorphism is a (3 tbase substitution at
position 894 of NOS3 cDNA coding for a glutamic chdb aspartate change at
position 298 in the amino acid structure of thet@ro The amplified PCR produrct
exon 7 bears a recognition site for the restricemzymeBanll, it is present only
when nucleotide at position 894 is occupied by i[@uie 3.21 presents the sequence
of approximately 248 bp long PCR product in exowmf/NOS3, highlighting the
sequence of primers, location of SNP and the ratogrsequence of the restriction
enzymeBanll. Upon digestion with the restriction enzyrBanll, the wild type
individuals have the recognition site f&anll (recognition site forBanll is 5'-
GRGCY!C-3’), the PCR product is cut into two bands of 163 bp &dp long.
Mutant type alleles possess the nucleotide T aitipns894, and a suitable
recognition site is not present fBanll restriction enzyme in this case. So, mutant
type alleles result in a 248 bp single band. Schiemgpresentation and real agarose
gel photo is given in Figure 3.22. Table 3.10 sumznesa the genotype distribution
and allele frequencies of NOS3 G894T polymorphism.
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50T

GTGGTCACGG AGACCCAGCC AATGAGGGAC CCTGGAGATG AAGGCAGGAG ACAGTGGATG
GAGGGGTCCC TGAGGAGGGC ATGAGGCTCA GCCCCAGAAC CCCCTGGC CCACTCCCCA
CAGCTCTGCA TTCAGCACGG CTGGACCCCA GGAAACGGTC GCTTCGACGT GCTGCCCCTG

G894

CTGCTGCAGG  CCCCAGATGA .CCAGAA CTCTTCCTTC TGCCCCCCGA  GCTGGTCCTT
Banl|

GAGGTGCCCC  TGGAGCACCC CACGTGAGCA [CCAAAGGGAT TGACTGGGTG GGATGGAGGG

Figure 3.21 Sequence of amplified fragment covering the G89gls nucleotide polymorphism MOS3. The turquoise highlighted

sequences are forward and reverse primers, retigiitgd nucleotide shows location [Bll§NP, and timé pighlighted sequences show the

fecognitionSiteSorresictlionenzysan! |, as indicated (the nucleotide sequence is taken http://www.ncbi.nlm.nih.gov).



Wild type (894G) allele Mutant (894T) allele

5’—CCATGG—3' b s CCATG T 3
Incubation with Banll Incubati ith Banll
163 bp 248 bp
5 5 3
85 bp

«—248 bp
<+«—-163 bp

«———385bp

Wild type Homozygote Heterozygote
mutant

Figure 3.22 Schematic representation (upper part) and agarelselectrophoresis
(lower part) of restriction endonucleadgafll) digestion products for the G894T
SNP of NOS3. In the gel photo lanes 2-3, 9; homoaggwild type (894GG); lanes
1, 4, 6-8; heterozygote (894GT); lane 5, homozygoutated (894TT).
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Table 3.10 Genotype distribution and allele frequencies of S80G894TSNP in
ischemic stroke patients and controls.

Patients Controls

(n=245)  (n=145) OR(95%Cl) P
NOS3C894T
Genotypes, n(%)
GG 82(33.5) 55 (37.9)
cT 156 (63.7) 80 (55.2) 1.215 (0.792-1.863) 0.373
T 7(2.8)  10(6.9)
Allele frequency
G 0.653 0.655
T 0.347 0345 1009 (0.744-1.370) 1.000
TT+GT vs GG
“Tvs G

In this study, a total of 245 ischemic stroke patseand 145 control subjects
were investigated for NOS3 G894T polymorphism. Agntimeem, 82 patients and 55
controls were homozygous wild type while, 156 pagseand 80 controls were
heterozygote. Seven patients and 10 controls hagolygous mutated genotype.
Therefore, there is no significant difference i tipenotype frequencies of NOS3
G894T polymorphism between stroke patients androtsntThe G allele frequency
was found to be nearly same in stroke patient8).and controls (0.655). T allele

frequency of stroke patients was also same asaientr

3.4.2 Analysis of Genotypes of NOS3 T-786C Polymorphism

T-786Cpolymorphism is a base substitution from T to @@tition -786 and the
PCR region involving the SNP is 236 bp long. FigBr23 presents the sequence of
PCR product in promoter region &fOS3, highlighting the sequence of primers,
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location of SNP and the recognition sequence ofél#iction enzymédil. In the
wild type allele, with T at position -786, has Rdil cleavage site (recognition site
for Pdil is 5-GCCI GGC-3’), whereas PCR product is cleaved into tweces of
203 and 33 bp long in the mutated allele, with Cpasition -786. Schematic
representation and real agarose gel photo is gimeRigure 3.24. Table 3.11
summarizes the genotype distribution and alleleguemcies of NOS3 T-786C
polymorphism.

There were 146 (59.6%) homozygous wild type, 93088 heterozygous and 6
(2.4%) homozygous mutated individuals in patierdugr. The mutated (C) allele
frequency was 0.215 while the wild type allele {fEquency was 0.785 in patients.
In control group of 145 individuals, 56.6% were haaygous wild type (TT), 39.3%
heterozygous (TC) and 4.1% homozygous mutant t@).(It was observed that
among the controls T and C allele frequency wersdoto be 0.762 and 0.238,
respectively. But there was no significant differerbetween patient and control
groups with respect to genotype and allele frequehstribution of NOS3 T-786C

polymorphism.
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=TT

TGTTTGTCTG TCTGTCTGCT GCTCCTAGTC TCTGCCTCTC CCAGTCTC AGCTTCCGTT
TCTTTCTTAA ACTTTCTCTC AGTCTCTGAG GTCTCGAAAT CACGAGGCTT CGACCCCTGT
GGACCAGATG CCCAGCTAGT GGCCTTTCTC CAGCCCCTCA GATGACACAG AACTACAAAC
CCCAGCATGC ACTCTGGCCT GAAGTGCCTG GAGAGTGCTG GTGTACCA CCTGCATTCT
GGGAACTGTA GTTTCCCTAG TCCCCCATGC TCCCACCAGG GCATCAAGCT CTTCCCTGEBL
T-786C

.TGACCC TGCCTCAGCC CTAGTCTCTC TGCTGACCTG CGGCCCCGGG AAGCAIGT
Pdil

CACTGAATGA CAGGGTGGGG GTGGAGGCAC TGGAAGGCAG CTTCCTGCTC TTTTGTGC
CCCACTTGAG TCATGGGGGT GTGGGGGTTC CAGGAAATTG GGGCT@AG GGGAAGGGAT
ACCCTAATGT CAGACTCAAG GACAAAAAGT CACTACATCC TTGCTGGGCC TCTATCCCCA

Figure 3.23 Sequence of amplified fragment covering the T-7&b@le nucleotide polymorphism ®OS3. The turquoise highlighted

sequences are forward and reverse primers, redidiitgd nucleotide shows location [Bll@NP, and timk pighlighted sequences show the

fEcognitionSitesSorresiclionenzyndil, as indicated (the nucleotide sequence is takem http://www.ncbi.nlm.nih.gov).



Wild type {786T) allele Mutant {786C) allele
Pdil Pdil

3 HY—GCCGCC 3

5,_GCTGCC

Incubatiog@vithPdil Incubation withPdil
5 236 bp 3 5 203 bp
33 bp 3
236 bp——
+«—203 bp
«——33bp

Wild type Homozygote Heterozygote
mutant

Figure 3.24 Schematic representation (upper part) and agagekelectrophoresis
(lower part) of restriction endonucleadedil) digestion products for the T-786C
SNP of NOS3. In the gel photo lanes 1-3, 5-8, nbzygous wild type (-786TT);
lane 4; heterozygote (-786TC); lane 9, homozygoutatad (-786CC). Lanes 4 and

9 also contain a 33 bp band which is not observiabidee photo.
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Table 3.11 Genotype distribution and allele frequencies of380T-786CSNP in

ischemic stroke patients and controls.

Patients Controls

(n=245)  (n=145) OR(95%ClI) P
NOS31-786C
Genotypes, n(%)
T 146 (59.6) 82 (56.6)
e 93(38.0) 57 (39.3) 0.883 (0.582-1.338) 0.556
ce 6(24)  6(41)
Allele frequency
T 0.785 0.762
C 0215 0o3g 0-873(0.618-1.234) 0.443
TC+CCvs TT
CvsT

3.4.3 Analysis of Genotypes of NOS3 intron 4 VNTR Polymgrhism

The variable number of tandem repeat (VNTR) polysh@am is located in
intron 4 of NOS3 (eNOS4b/a polymorphism). In repeats of a 27-bp eonssgs
sequence, there are two alleles, a common largke @hd a smaller allele. The larger
allele (eNOS4b allele), designated “b-insertion’s Hve tandem repeats, and the
smaller allele (eNOS4a allele) “a-deletion” hasrfeepeatsFigure 3.25 presents the
sequence of approximately 194 bp long PCR produactiniron 4 of NOS3,
highlighting the sequence of primers and repeatsfience. When the amplified
PCR product has insertion, it gives a single 1949apd. On the other hand, if the
amplified PCR product has deletion polymorphismgiites a single 167 bp band.
Schematic representation and real agarose gel pbajoven in Figure 3.26. The
genotype distributions and allele frequencies ofS8Gntron 4 VNTR polymorphism

are given in Table 3.12.
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ITT

CTGCCCCACC
CCCTATGGTA
GGAAGTCTAG

ACAGCTGAGC

CTCAGCACCC
GIGCCTTGGC
ACCTGCTGCA

GGAGCTTCCC

AGGGGAACCT

TGGAGGAGGG

TGGGCGGTGC

CAGCCCAGTA
GAAAGAAGTC

TGTCAGTAGC

GTGAAGACCT
TAGACCTGCT

AGGAGCAGCC

GGTTATCAGG
GCAGGGGTGA
GTGAGGAAGT
BGGGGTGAGG
TCCTGBAA

Figure 3.25 Sequence of amplified fragment covering the inttbn/NTR polymorphism ofNOS3. The turquoise highlighted
sequences are forward and reverse primers.YellBil, /gréén an@Plihk highlighted sequences show 2fepeated sequence, as
indicated (the nucleotide sequence is taken frapi/hMww.ncbi.nlm.nih.gov).



194 bp ——
167 bp —s

194 bp
167 bp

Figure 3.26 Schematic representation and real agarose gdtagboresis of PCR
products for NOS3 VNTR. In the gel photo lanes 15,26, 8; larger “bb” genotype,;
lanes 4, 7; heterozygote “ab” genotype; lane 3jlisiaa’ genotype.

117



Table 3.12Genotype distribution and allele frequencies of ISG&ron 4 VNTR in

ischemic stroke patients and controls.

Patients Controls

(n=245)  (n=145) OR(95%CI) P
NOS3VNTF
Genotypes, n(%)
aa 2(0.8) 3 (2.1)
ab 71(29.0) 33 (22.7) 1.285 (0.807-2.047) 0.288
bb 172 (70.2) 109 (75.2)
Allele frequency
a 0.153 0.134
b 0.847 oges 1163 (0.766-1.766) 0.477

%aa+ab vs bb
b
avshb

The frequency of homozygous aa genotype was 0.8 2ah% in stroke
patients and controls, respectively. For heteromggab genotype, patient group had
higher frequency (29.0%) when compared to controbug (22.7%). The
homozygous bb genotype frequency of patients (7P.2%%s lower than that of
controls (75.2%). On the other hand, there weresigaificant difference between

patient and control group with respect to a antdbeafrequencies.

3.4.4 Combination Analysis of NOS3 Polymorphisms

In Figure 3.27, the percentage of the double aiptetcombinations of NOS3
G894T, NOS3 T-786C and NOS3 VNTR polymorphismsgaven in risky and non-

risky patient and control groups. Risky and nokyrigroups were created just as
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CYP2E1 polymorphism. We observed that if the rigignotypes of NOS3 G894T
and NOS3 T-786C polymorphisms are found on the saubgects at the same time,
double combined risky genotype had 1-fold increasskl of stroke; but this was
statistically insignificantP=0.798). Co-presence of NOS3 G894T and NOS3 VNTR
polymorphisms increased the risk approximately I8;favhich was not statistically
significant £=0.092). On the other hand combination of NOS3 §&Z&nd NOS3
VNTR polymorphisms was found to increase the ritktooke development 1-fold
(OR=1.098; 95% CI1=0.628-1.92P=0.742). We also analyzed triple combinations
of NOS3 polymorphisms and found that surprisingiplé combined mutant was
found to be protective against stroke (OR=0.612/95=0.321-1.168P=0.135).

P=0.092

N
o
1

B Patient (no risk)
60 OR=1.098 . .
9506CI=0.628-1.922 8 Patient (risk)
o P=0.742 @ Control (no risk)
R B Control (risk
S OR=1.071 Control(isk)
g 40 1 95%CI=0.635-1.806
O P=0.798
ko) _ OR=0.612
c OR=1.866
3 30 - 9504Cl=0.898-3.88 95%CI|=0.321-1.168
2 P=0.135
Q
S
o
X

=
o
1

G>T-T>C G>T-VNTR T>C-VNTR G>T-T>C-VNTR
Double and Triple Combined Polymorphisms of NOS3 Enyme

Figure 3.27The double and triple combination of NOS3 G894 38 T-786C and
NOS3 VNTR SNPs
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3.5 Distribution of Genotypes in Different Certain Risk Factor Groups

In this section the genotype distribution of CYP2EMO3, NQO1, GST and
NOS3 enzymes SNPs were analyzed in different graopsposed of certain risk
factors of ischemic stroke.

3.5.1 Distribution of CYP2E1 Genotypes in Different Certan Risk Factor
Groups

3.5.1.1 Distribution of CYP2E1 Genotypes in Hypertensive-lrmotensive
Group

The genotype distribution of CYP2E1*5B, CYP2E1*6 darCYP2E1*7B
polymorphisms in hypertensive stroke patient andtrob and normotensive stroke
patient and control groups are given in Table 3A& CYP2E1*5B wild type
(*1A*1A) genotype, hypertensive ischemic stroke igats (93.3%) had lower
frequency than normotensive ischemic stroke paiédit.6%). Hypertensive patient
group had 11 heterozygous (*1A*5B). On the othenchanormotensive stroke
patients had 2 heterozygous (*1A*5B) individualshefe was no homozygous
mutated (*5B*5B) individual in normotensive patiegtoup. In hypertensive and
normotensive control groups, wild typed individuaéd almost same frequency.

For CYP2E1*6 polymorphism, there were 87.2% wilgpdy(*1A*1A), 11.0%
heterozygous (*1A*6) and 1.8% homozygous mutate@*q¥ individuals in
hypertensive stroke patients. While the frequerfayild type (*1A*1A) was 83.6%,
the frequency of heterozygous genotype (*1A*6) W61% in hypertensive control
group. In the normotensive group, stroke patieB&4%6) had lower frequency of
wild type genotype when compared to controls (8§.9%nong normotensives, 11

patients and 10 controls were heterozygote. Omtiher hand, there was no mutated
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genotype in normotensive controls and in patien& [l individual had mutated
genotype.

In terms of CYP2E1*7B genotype frequencies, thererewno statistically
differences both in hypertensive stroke patientd aontrols P=0.245) and in
normotensive stroke patients and contr&s(.228).

Table 3.13 CYP2E1*5B, CYP2E1*6 and CYP2E1*7B genotype frequescin

hypertensive and normotensive groups.

Hypertensive (n=218) Normmotensive (n=172)

Genotypes
n(%) Stroke  Controls P Stroke Controls

(n=163) (n=55) (n=82) (n=90)
CYP2E1*5B
*1A*1A 152 (93.3) 55 (100) 80 (97.6) 89 (98.9)
*1A*5B 11 (6.7) 0 NA®  2(2.4) 1(1.1) 0.506
*5B*5B 0 0 0 0
CYP2E1*6
*1A*1A 142 (87.2) 46 (83.6) 70 (85.4) 80 (88.9)
*1A*6 18 (11.0) 9(16.4) 0517 11(13.4) 10(11.1) 0.490
*6*6 3(1.8) 0 1(1.2) 0
CYP2E1*7B
*1A*1A 138 (84.7) 50 (90.9) 72 (87.8) 73(81.1)
“1 A*TB 23(14.1) 5(9.1) 0.245 8(9.8) 15(16.7) 0.228
*7B*7B 2(1.2) 0 2(2.4) 2(2.2)

?*5B*5B+*1A*5B vs *1A*1A
PH6*6+F1A%6 VS *1A*1A
S7B*7B+*1A*7B vs *1A*1A
NA: Not Applicable
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3.5.1.2 Distribution of CYP2E1 Genotypes in Diabetic-Nondabetic Group

Table 3.14 summarizes the genotype distributiolC¥P2E1*5B, CYP2E1*6
and CYP2E1*7B polymorphisms in diabetic stroke guatiand control and non-
diabetic stroke patient and control groups. The ZEP5B wild type genotype
frequency was found to be 94% in diabetic strokeepts and 100% in diabetic
controls. In the diabetic patients, 5 individualsdhheterozygote genotype. The
percentage of wild type and heterozygote genotyypse 95.0% and 5.0% in non-
diabetic stroke patients, respectively. 99.2% @ tlon-diabetic controls had wild
type. The distribution of CYP2E1*6 wild type andtéw®zygote genotypes were
approximately same in diabetic and non-diabetickstrpatients and in diabetic and
non-diabetic controls. Therefore, there was noiggmt difference with respect to
genotype distribution of CYP2E1*6 polymorphism iralgetic/non-diabetic group.
For CYP2E1*7B polymorphism, wild type genotype fueqcy was found to be
84.5% in diabetic patients and 86.3% in non-diabgtients, respectively. In
diabetic group, the heterozygote genotype percen{ddg.3%) was found to be
higher than that of control (12%). When compareddo-diabetic stroke patients
(11.8%), the heterozygote genotype frequency wasdao be higher in that of

control (14.2%). However, none of the P values veggaificant.
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Table 3.14 CYP2E1*5B, CYP2E1*6 and CYP2E1*7B genotype freques in

diabetic and non-diabetic groups.

Diabetic (n=109) Non-diabetic (n=281)

Genotypes

n(%) Stroke  Controls P Stroke Controls

(n=84) (n=25) (n=161) (n=120)

CYP2E1*5B
*1A*1A 79 (94.0) 25 (100) 153 (95.0) 119 (99.2)
*1 A*5B 5 (6.0) 0 NA? 8 (5.0 1(0.8) 0.051F
*5B*5B 0 0 0 0
CYP2E1*6
*1A*1A 74 (88.1) 22 (88.0) 138 (85.7) 104 (86.7)
*1A*6 10 (11.9) 3(12.0) 0.99¢ 19(11.8) 16(13.3) 0.819
*6*6 0 0 4 (2.5) 0
CYP2E1*7B
*1A*1A 71(84.5) 21 (84.0) 139 (86.3) 102 (85.0)
*1 A*7B 12 (14.3) 3(12.0) 0.949 19 (11.8) 17 (14.2) 0.75T
*7B*7B 1(1.2) 1(4.0) 3(1.9 1 (0.8)

?*5B*5B+*1A*5B vs *1A*1A
PrEH6+*1A*6 Vs *1A*IA
S7B*7B+*1A*7B vs *1A*1A
NA: Not Applicable

3.5.1.3 Distribution of CYP2E1 Genotypes in Smoker-NonsmokeGroup

In smoker stroke patient and control and non-smek®eke patient and control
groups, the CYP2E1*5B, CYP2E1*6 and CYP2E1*7B ggpet distributions is
given in Table 3.15. Among smoker patients, themrew65 wild type and 4
heterozygote individuals for CYP2E1*5B polymorphisNon-smoker patient group
had 94.9% wild type and 5.1% heterozygote genotyifee entire non-smoker
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control group had wild type. For CYP2E1*6 polymaiph, the frequency of wild
type was higher in smoker stroke patients (84.1%i) smoker controls (76.2%). On
the other hand wild type percentage was very ctoseach other in non-smoker
stroke patient (87.5%) and non-smoker control gso(®8.7%). In the similar
manner the frequency of heterozygote genotype aasdfto be same in non-smoker
patients (11.4%) and controls (11.3%). However shwker patients (13.0%) had
lower frequency for heterozygote genotype than sndaiontrols (23.8%). Both
smoker stroke patients and non-smoker stroke patigsd 2 homozygous mutated
individuals. None of the controls had homozygoudatad individual. When Table
3.15 was examined in terms of CYP2E1*7B polymorphishe frequency of wild
type individual was found to be lower in smokeok# patients (78.3%) than non-
smoker stroke patients (88.6%). The frequency &f type was very close in smoker
(85.7%) and non-smoker control groups (84.7%). Wemmpared to smoker stroke
patients (18.8%), the heterozygote genotype frecpueras found to be higher in that
of control (14.3%). On the other hand the percentaigheterozygote genotype was
lower in non-smoker patients (10.2%) than non-smotentrols (13.7%). The
numbers of homozygous mutated individuals were sansenoker and non-smoker
patient groups and non-smoker control group. BgmiStant differences were not
observed both between smoker patient and contrdl ran-smoker patient and
control groups with respect to genotype distributid CYP2E1*5B, CYP2E1*6 and
CYP2E1*7B polymorphisms.
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Table 3.15 CYP2E1*5B, CYP2E1*6 and CYP2E1*7B genotype freques in

smoker and non-smoker groups.

Smoker (n=90) Non-smoker (n=300)
Genotypes
n(%) Stroke  Controls P Stroke Controls
(n=69) (n=21) (n=176) (n=124)
CYP2E1*5B
*1A*1A 65 (94.2) 20 (95.2) 167 (94.9) 124 (100)
*1 A*5B 4(58 1(48) 0856 9(5.1) 0 NA?
*5B*5B 0 0 0 0
CYP2E1*6
*1A*1A 58 (84.1) 16 (76.2) 154 (87.5) 110 (88.7)
*1A*6 9(13.0) 5(23.8) 0.409 20(11.4) 14 (11.3) 0.757
*6*6 2 (2.9 0 2(1.1) 0
CYP2E1*7B
*1A*1A 54 (78.3) 18 (85.7) 156 (88.6) 105 (84.7)
*1 A*7B 13 (18.8) 3(14.3) 0.455 18(10.2) 17(13.7) 0.315
*7B*7B 2 (2.9) 0 21.2) 2 (1.6)

#*5B*5B+*1A*5B vs *1A*1A
PrGHB+*1A*6 Vs *1A*LA
S7B*7B+*1A*7B vs *1A*1A
NA: Not Applicable

3.5.1.4 Distribution of CYP2E1 Genotypes in Obese- Nonobesgroup

The genotype distribution of CYP2E1*5B, CYP2E1*6 darCYP2E1*7B
polymorphisms in obese stroke patient and contndl r@gon-obese stroke patient and
control groups are summarized in Table 3.16. Whempared to obese stroke
patients (96.4%), the wild type frequency of CYPZER was found to be higher in
obese controls (100%). Only 2 obese stroke patiedsheterozygote genotype. We

125



observed that among non-obese, 178 patients anaccdr@dbols were wild type. In
addition 11 patients had heterozygote genotype.th@rgenotype distribution of
CYP2E1*6 polymorphism, there was no statisticalyngicant difference between
patients and controls in obese/non-obese group.oNlgt obese stroke patients and
controls but also non-obese stroke patients anttalernad similar frequencies of

CYP2E1*7B wild type, heterozygote and homozygoteated genotype.

Table 3.16 CYP2E1*5B, CYP2E1*6 and CYP2E1*7B genotype freques in

obese and non-obese groups.

Genotypes Obese (n=65) Non-obese (n=325)
n(%) Stroke  Controls P Stroke Controls P

(n=56) (n=9) (n=189) (n=136)

CYP2E1*5B

*1A*1A 54 (96.4) 9 (100) 178 (94.2) 135 (99.3)

*1A*5B 2 (3.4) 0 NA? 11 (5.8) 1(0.7) NA?2

*5B*5B 0 0 0 0

CYP2E1*6

*1A*1A 52 (92.9) 7 (77.8) 160 (84.7) 119 (87.5)

*1 A*6 3(5.3) 2(22.2) 0.147 26 (13.7) 17 (12.5) 0.468

*6*6 1(1.8) 0 3(1.6) 0

CYP2E1*7B

*1A*1A 47 (83.9) 8(88.9) 163 (86.2) 115 (84.6)

*1A*7B 8(14.3) 1(11.1) (70 23(12.2) 19(14.0) g67¢

*7B*7B 1 (1.8) 0 3(1.6) 2 (1.4)

?*5B*5B+*1A*5B vs *1A*1A
PrEH6+*1A*6 Vs *1A*IA
S7B*7B+*1A*7B vs *1A*1A
NA: Not Applicable
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3.5.2 Distribution of FMO3 Genotypes in Different Certain Risk Factor
Groups

3.5.2.1 Distribution of FMO3 Genotypes in Hypertensive-Nomotensive
Group

In hypertensive/ normotensive stroke patient andtrob groups the FMOS3
G472A and FMO3 A923G genotype distribution are giweTable 3.17. The FMO3
G472A wild type genotype (GG) frequency was fouadé 40.5% in hypertensive
stroke patients and 47.3% in hypertensive contitalshe hypertensive patients, 41
individuals had heterozygote (AG) and 56 individudlad homozygote mutated
(AA) genotype. The percentage of wild type, hetggmte and homozygote mutated
genotypes were 52.4%, 19.6% and 28% in normotensireke patients,
respectively. In the normotensive controls, thedencies of wild type, heterozygote
and homozygote mutated genotypes were 34.4%, 344d631.2%, respectively.
Therefore, there was a significant difference ohaigpe distribution of FMO3
G472A polymorphism between normotensive strokeep&tiand controld2£0.017).
For FMO3 A923G polymorphism, wild type (AA) genogy/frequency was found to
be 87.1% in hypertensive patients and 87.8% in otensive patients. In
hypertensive patient group, the heterozygote (A€ )otype percentage (12.3%) was
found to be higher than that of control (7.3%). Whempared to normotensive
stroke patients (12.2%), the heterozygote gendigapiency was found to be higher
in normotensive control (13.3%). Only 1 homozygwotetated (GG) individual was
found in the hypertensive stroke patient group. éieless, statistically significant
differences were not observed both between hypavestroke patients and controls
and normotensive stroke patients and controls nmdeof genotype distribution of
FMO3 A923G polymorphism.
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Table 3.17FMO3 G472A and FMO3 A923G genotype frequenciebyipertensive

and normotensive groups.

Hypertensive (n=218) Normotensive (n=172)
Genotypes
n(%) Stroke  Controls Stroke  Controls
(n=163) (n=55) (n=82) (n=90)
FMO3 G472A
GG 66 (40.5) 26 (47.3) 43 (52.4) 31(34.4)
GA 41 (25.2) 13(23.6) 0.379 16 (19.6) 31 (34.4) 0.017
AA 56 (34.3) 16 (29.1) 23 (28.0) 28 (31.2)
FMO3 A923G
AA 142 (87.1) 51 (92.7) 72 (87.8) 78 (86.7)
AG 20 (12.3) 4(7.3) 0.259 10(12.2) 12(13.3) 0.82%
GG 1 (0.6) 0 0 0
‘GA+AA vs GG

PAG+GG vs AA

3.5.2.2 Distribution of FMO3 Genotypes in Diabetic-Nondiaketic Group

Table 3.18 summarizes the genotype distributiofrfO3 G472A and FMO3
A923G polymorphisms in diabetic/non-diabetic grokpr FMO3 G472A wild type
genotype, diabetic ischemic stroke patients (47.6&@) higher frequency than non-
diabetic ischemic stroke patients (42.9%). Diabepatient group had 20
heterozygous and 24 homozygous mutated individuats.the other hand non-
diabetic stroke patients had 37 heterozygous and hbmozygote mutated
individuals. Both wild type and heterozygote gempetyrequencies were found to be
higher in diabetic controls when compared to nabdiic controls. Moreover
homozygous mutated genotype frequency was higheaomdiabetic control group
than diabetic control group. For FMO3 A923G polyptasm, there were 94% wild
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type, 4.8% heterozygous and 1.2% homozygous mutaiigiduals in diabetic

stroke patients. While the frequency of wild typesw92%, the frequency of
heterozygous genotype was 8% in diabetic contrmligr In the non-diabetic group,
stroke patients (83.9%) had lower frequency of wylpe genotype when compared
to controls (88.3%). Among non-diabetics, 26 pasieand 14 controls were
heterozygote. On the other hand, there was no atlutgénotype in non-diabetic
patients and controls. Neither FMO3 G472A nor FMA323G polymorphisms

showed significantly different genotype distribuition diabetic/non-diabetic stroke

patient and control groups.

Table 3.18FMO3 G472A and FMO3 A923G genotype frequenciediabetic and
non-diabetic groups.

Diabetic (n=109) Non-diabetic (n=281)
Genotypes
n(%) Stroke  Controls P Stroke  Controls
(n=84) (n=25) (n=161) (n=120)
FMO3 G472A
GG 40 (47.6) 11 (44.0) 69 (42.9) 46 (38.3)
GA 20 (23.8) 8(32.0) 0.750"' 37 (23.0) 36 (30.0) 0.445
AA 24 (28.6) 6 (24.0) 55(34.1) 38 (31.7)
FMO3 A923G
AA 79 (94.0) 23(92.0) 135 (83.9) 106 (88.3)
AG 4(4.8) 2(8.0) 0714 26 (16.1) 14(11.7) 0.287
GG 1(1.2) 0 0 0
*GA+AA vs GG

PAG+GG vs AA
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3.5.2.3 Distribution of FMO3 Genotypes in Smoker-NonsmokeltGroup

The genotype distribution of FMO3 G472A and FMO328& polymorphisms
in smoker/non-smoker groups are summarized in T8dO. When compared to
smoker stroke patients (53.6%), the wild type fesgry of FMO3 G472A was found
to be lower in smoker controls (42.8%). Only 7 sewlstroke patients had
heterozygote genotype and 25 smoker stroke patiests homozygous mutated
genotype. We observed that among non-smokers, ffénfsaand 48 controls were
wild type. In addition 50 patients and 38 contrbéd heterozygote genotype. The
homozygote mutated genotype percentage was founuk tsame in non-smoker
stroke patients and controls. For the genotyperibligion of FMO3 A923G
polymorphism, there was no statistically significdifference between patients and

controls in smoker/non-smoker group.

Table 3.19FMO3 G472A and FMO3 A923G genotype frequenciesnoker and

non-smoker groups.

Smoker (n=90) Non-smoker (n=300)
Genotypes
n(%) Stroke  Controls P Stroke  Controls P
(n=69) (n=21) (n=176) (n=124)
FMO3 G472A
GG 37 (53.6) 9(42.8) 72 (40.9) 48 (38.8)
GA 7(10.2) 6(28.6) 0.387 50 (28.4) 38(30.6) 0.702
AA 25(36.2) 6 (28.6) 54 (30.7) 38 (30.6)
FMO3 A923G
AA 62 (89.9) 19 (90.5) 152 (86.4) 110 (88.7)
AG 7(10.1) 2(9.5) 0.934 23(13.2) 14(11.3) 0.547
GG 0 0 1 (0.6) 0
‘GA+AA vs GG

PAG+GG vs AA
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3.5.2.4 Distribution of FMO3 Genotypes in Obese- Nonobesgroup

Table 3.20summarizes the genotype distributionFMO3 G472A and FMO3
A923G polymorphisms in obese/non-obese patientcamtrol groups. When Table
3.20 was examined in terms of FMO3 G472A polymasphithe frequency of wild
type individual was found to be higher in obeselgrpatients (50.0%) than non-
obese stroke patients (42.9%). However the frequefowild type was lower in
obese control group (33.3%) than non-obese cogtmlp (39.7%). When compared
to obese stroke patients (12.5%), the heterozygetetype frequency was found to
be higher in that of control (22.3%). On the otHeand the percentage of
heterozygote genotype was lower in non-obese pati€t6.5%) than non-obese
controls (30.9%). Among obese group, stroke paiemd controls had 21 and 4
homozygote mutated individuals, respectively. Theqd@iency of homozygous
mutated genotype was very close in non-obese paf(&h6%) and non-obese
control group (29.4%). For FMO3 A923G polymorphighe frequency of wild type
was higher in obese stroke patients (92.9%) thass®lrontrols (88.9%). On the
other hand wild type percentage was found to bestaw non-obese stroke patient
group (85.7%) than non-obese control group (89.0%YXhe non-obese group, 26
stroke patients and 15 controls had heterozygatetgpe. In the similar manner the
obese patients (4) had high number of heterozygetetyped individuals when
compared to obese controls (1). One of the noneob&tsoke patients had
homozygous mutated genotype. But there were noifisigmt differences both
between obese stroke patients and controls andobese stroke patients and
controls with respect to FMO3 G427A and FMO3 A9agsnotype distributions.
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Table 3.20FMO3 G472A and FMO3 A923G genotype frequencies base and

non-obese groups.

Obese (n=65) Non-obese (n=325)
Ger:}c;/to);pes Stroke  Controls B Stroke  Controls
(n=56) (n=9) (n=189) (n=136)
FMO3 G472A
GG 28 (50.0) 3(33.3) 81 (42.9) 54 (39.7)
GA 7(125) 2(2.3) 0.353 50 (26.5) 42 (30.9) 0.569
AA 21 (37.5) 4 44.9) 58 (30.6) 40 (29.4)
FMO3 A923G
AA 52 (92.9) 8(88.9) 162 (85.7) 121 (89.0)
AG 4(71) 1(@11.1) 0.678 26(13.8) 15(11.0) 0.388
GG 0 0 1 (0.5) 0
GA+AA vs GG

PAG+GG vs AA

3.5.3 Distribution of NQO1 Genotypes in Different Certain Risk Factor
Groups

3.5.3.1 Distribution of NQO1 Genotypes in Hypertensive-Nomotensive Group

The genotype distribution of NQO1*2 polymorphismgwen in Table 3.21.
Hypertensive ischemic stroke patients (62.6%) higthdr frequency of wild type
(*1*1) genotype than hypertensive controls (52.7%jhile hypertensive patient
group had 55 heterozygous (*1*2) and 6 homozygousatad (*2*2) individuals,
hypertensive control group had 25 heterozygote andomozygote mutated

individuals. In the normotensive group, wild typengtype frequency was found to
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be higher in patients (62.2%) when compared torots{50%). On the contrary in
normotensive patients (31.7%) the heterozygote typegercentage was lower than
that of controls (45.6%). In addition normotensisgoke patients had 5 and
normotensive controls had 4 homozygote mutated viddals. Statistically
significant differences were not observed in hygesive/ normotensive stroke
patient and control groups in terms of genotypetribigtion of NQO1*2

polymorphism.

Table 3.21NQO1*2 genotype frequencies in hypertensive arrdhotensive groups.

Hypertensive (n=218) Normotensive (n=172)
Genotypes
n(%) Stroke  Controls P Stroke  Controls P
(n=163) (n=55) (n=82) (n=90)
NQO1*2
*1*1 (CC) 102 (62.6) 29 (52.7) 51 (62.2) 45 (50.0)
*1*2 (CT) 55(33.7) 25(45.5)0.197 26(31.7) 41(45.6) 0.108
*2*2 (TT) 6 (3.7) 1(1.8) 5(6.1) 4 (4.4)
CT+TT vs CC

3.5.3.2 Distribution of NQO1 Genotypes in Diabetic-Nondialketic Group

Table 3.22 summarizes the genotype distributioN@O1*2 polymorphism in
diabetic/non-diabetic grouplhe wild type genotype frequency was found to be
66.7% in diabetic stroke patients and 48% in diabeontrols. In the diabetic
patients, 25 individuals had heterozygote and &iddals had homozygote mutated
genotype. In addition there were 13 heterozygotd mao homozygote mutated

genotype in diabetic control group. The percenta®ild type and heterozygote
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genotypes were 60.2% and 34.8% in non-diabetickestnoatients, respectively.
Similarly, in non-diabetic controls the percentagevild type (51.7%) was found to
be higher than the percentage of heterozygote gead#t4.2%). On the other hand,
there were 8 patients and 5 controls with mutateadotype in non-diabetic group.
Genotype distribution of NQO1*2 polymorphism wag faund statistically different

both in diabetic stroke patients and controls and-diabetic stroke patients and

controls.

Table 3.22NQO1*2 genotype frequencies in diabetic and notelia groups.

Diabetic (n=109) Non-diabetic (n=281)
Genotypes
(%) Stroke  Controls Stroke  Controls P
(n=84) (n=25) (n=161) (n=120)
NQO1*2
*1*1 (CC) 56 (66.7) 12 (48.0) 97 (60.2) 62 (51.7)
*1*2 (CT) 25(29.7) 13(52.0) 0.09T 56(34.8) 53(44.2) 0.15T
*2*2 (TT) 3 (3.6) 0 8 (5.0) 5(4.1)
CT+TT vs CC

3.5.3.3 Distribution of NQO1 Genotypes in Smoker-NonsmokefGroup

The genotype distribution of NQO1*2 polymorphism smoker/non-smoker
groups is summarized in Table 3.23. Thirty eightken stroke patients, 15 smoker
controls, 115 non-smoker stroke patients and 59smooker controls had wild type.
The heterozygote genotype frequency was highemiaksr patients (39.1%) than
that of controls (31.6%). Among smokers, only dlstr patients had homozygote
mutated genotype. The heterozygote genotype freyuém non-smoker stroke
patients (30.3%) was found to be lower than nonk&noontrols (48.4%). Moreover
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the percentage of homozygote mutated genotype masstsame in non-smoker
patients (4.5%) and non-smoker controls (4.0%). \Meserved statistically
significant difference in genotype distribution HRQO1*2 polymorphism between

non-smoker stroke patient and non-smoker contlg.

Table 3.23NQO1*2 genotype frequencies in smoker and non-g&mgkoups.

Smoker (n=90) Non-smoker (n=300)
Genotypes
(%) Stroke  Controls p Stroke  Controls P
(n=69) (n=21) (n=176) (n=124)
NQO1*2
*1*1 (CC) 38(55.1) 15(68.4) 115 (65.2) 59 (47.6)
*1*2 (CT) 27 (39.1) 6(31.6) 0.182 54(30.3) 60 (48.4) 0.002'
*2*2 (TT) 4 (5.8) 0 7 (4.5) 5 (4.0)
CT+TT vs CC

3.5.3.4 Distribution of NQO1 Genotypes in Obese- Nonobegsgroup

In obese/non-obese patient and control groups tHeON2 genotype
distribution is given in Table 3.24. When compatedbese stroke patients (64.3%),
the wild type frequency of NQO1*2 was found to kmvér in obese controls
(55.6%). Nineteen obese stroke patients had hetgote genotype and 1 obese
stroke patients had homozygous mutated genotypeadtfition 4 heterozygote
individuals were found in obese control group. Wsearved that among non-obese,
117 patients and 69 controls were wild type. Tlegdiency of heterozygote genotype
was lower in non-obese patients (32.8%) than thebwtrol (45.6%). Conversely the

homozygote mutated genotype frequency was foure toigher in non-obese stroke
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patients (5.3%) when compared to non-obese conBol86). In terms of NQO1*2

genotype distribution there was no significant efiénce in obese and non-obese

groups.

Table 3.24NQO1*2 genotype frequencies in obese and non-ofpesps.

Obese (n=65) Non-obese (n=325)
t

Ge:((sA));pes Stroke  Controls P Stroke Controls P
(n=56) (n=9) (n=189) (n=136)

NQO1*2

*1*1 (CC) 36(64.3) 5 (55.6) 117 (61.9) 69 (50.7)

*1*2 (CT) 19(33.9) 4(44.4) 0.614 62(32.8) 62(45.6) 0.058

*2*2 (TT) 1(1.8) 0 10 (5.3) 5(3.7)

CT+TT vs CC

3.5.4 Distribution of GST Genotypes in Different Certain Risk Factor
Groups

3.5.4.1 Distribution of GST Genotypes in Hypertensive-Nornotensive Group

In hypertensive/ normotensive stroke patient andtrob groups the GSTM1,
GSTT1 and GSTP1 A313G genotype distribution areemgivn Table 3.25. The
GSTM1 present genotype frequency was found to ioéasi in hypertensive stroke
patients (47.2%) and hypertensive controls (47.3%e GSTM1 null genotype
frequency was higher in hypertensive patients @j.&hen compared to controls
(52.7%). On the other hand in normotensive grouplewvpresent genotype had
higher percentage in patients (43.9%) than con{B3s3%), null genotype had lower

percentage in patients (56.1%) than controls (6%.2&mong hypertensive stroke
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patients, 116 individuals had GSTT1 present andndiwiduals had GSTT1 null

genotype. When compared to normotensive strokeemqiati(74.4%), normotensive
controls (72.2%) had approximately same frequerddg®TT1 present genotype. In
the similar manner normotensive patients and ctatrad very close percentage for
GSTT1 null genotype. For GSTP1 A313G polymorphisnid type (AA) genotype

frequency was found to be 54.0% in hypertensiveieps and 54.9% in

normotensive patients. In hypertensive group, teéerozygote (AG) genotype
percentage (36.2%) was found to be lower than dfatontrol (38.2%). When

compared to normotensive stroke patients (35.4%9, heterozygote genotype
frequency was found to be lower in normotensivetrads (32.2%). There were 16
and 8 individuals with homozygote mutated (GG) dgpe in hypertensive patients
and hypertensive controls, respectively. The homgotsy mutated genotype
frequency was found to be lower in normotensiveepét (9.8%) than normotensive
controls (15.6%). None of the genotype distribusiadf GST polymorphisms had
statistically significant difference both betweegpértensive stroke patients and

controls and normotensive stroke patients and otstr
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Table 3.25GSTM1, GSTT1 and GSTPdenotype frequencies in hypertensive and

normotensive groups.

Hypenensive (n=218) Normotensive (n=172)
Genotypes
n(%) Stroke Controls P Stroke  Controls
(n=163) (n=55) (n=82) (n=90)
GSTM1
Present 77 (47.2 26 (47.3 36 (43.9) 30(33.3
@7.2) 47.3) 0.997 (43.9) ( )0.155?1
Null 86 (57.8) 29 (52.7) 46 (56.1) 60 (66.7)
GSTT1
116 (71.2) 45(81.8 61 (74.4) 65 (72.2
Present (71.2) (81.8) 0.120 (74.4) ( )0'745?
Null 47 (28.8) 10 (18.2) 21 (25.6) 25 (27.8)
GSTP1 A313G
AA 88 (54.0) 26 (47.3) 45 (54.9) 47 (52.2)
AG 59 (36.2) 21(38.2) 0.389 29(35.4) 29(32.2) 0.727
GG 16 (9.8) 8 (14.5) 8(9.8) 14 (15.6)

a,b
null vs present
‘AG+GG vs AA

3.5.4.2 Distribution of GST Genotypes in Diabetic-Nondiabet Group

Table 3.26 summarizes the genotype distributionGETM1, GSTT1 and
GSTP1 A313G polymorphisms in diabetic/non-diabgticup. For GSTM1 present
genotype, diabetic ischemic stroke patients (46.886) similar frequency with non-
diabetic ischemic stroke patients (46.0%). Whilabetic patient group had 45 null
genotyped individuals, non-diabetic patient grougd h87 individuals. Present
genotype frequency was found to be lower in diabentrols (32%) when
compared to non-diabetic controls (40%). Moreovell genotype frequency was
higher in diabetic control group (68%) than nonbeigac control group (60%). For
GSTT1 polymorphism, there were 72.6% present and%27null genotypes in
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diabetic stroke patients. While the frequency oéspnt genotype was 76%, the
frequency of null genotype was 24% in diabetic oangroup. In the non-diabetic
group, stroke patients (72%) had lower frequencypodésent genotype when
compared to controls (75.8%). Among non-diabe#é&spatients and 29 controls had
null genotype. We observed that there was no 8tatily significant difference in
genotype distribution of GSTP1 A313G polymorphism diabetic/non-diabetic

patient and control groups.

Table 3.26GSTM1, GSTT1 and GSTPdenotype frequencies in diabetic and non-

diabetic groups.

Diabetic (n=109) Non-diabetic (n=281)
Genotypes
(%) Stroke Controls P Stroke  Controls P
(n=84) (n=25) (n=161) (n=120)

GSTM1
Present 39 (46.4) 8 (32.0) 0.20 74 (46.0) 48 (40.0) 0.319
Null 45 (53.6) 17 (68.0) 87 (54.0) 72 (60.0)
GSTT1
Present 61 (72.6) 19 (76.0) P 116 (72.0) 91 (75.8) i
Null 23 (27.4) 6 (24.0) 45 (28.0) 29 (24.2) AT
GSTP1 A313G
AA 38 (45.3) 14 (56.0) 95 (59.0) 59 (49.2)
AG 37 (44.0) 8(32.0) 0.344 51(31.7) 42(35.0) o0.10f
GG 9 (10.7) 3(12.0) 15(9.3) 19 (15.8)

ab
null vs present
‘AG+GG vs AA
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3.5.4.3 Distribution of GST Genotypes in Smoker-Nonsmoker Gup

The genotype distribution of GSTM1, GSTT1 and GSTRAB13G
polymorphisms in smoker/non-smoker groups are sumzedhin Table 3.27. When
compared to smoker stroke patients (44.9%), theeptegenotype frequency of
GSTM1 was found to be lower in smoker controls §28. Thirty eight smoker
stroke patients had null genotype and 15 smoketralsnhad null genotype. We
observed that among non-smokers, 82 patients ardri@ols had present genotype.
In addition 94 patients and 74 controls had nulhajgpe. For the genotype
distribution of GSTT1 polymorphism, there was natistically significant difference
between patients and controls in smoker/non-smgkaup. When Table 3.27 was
examined in terms of GSTP1 A313G polymorphism, Bibler stroke patients, 12
smoker controls, 96 non-smoker stroke patientsédndon-smoker controls had wild
type. The heterozygote genotype frequency was highemoker patients (37.7%)
than that of controls (33.3%). On the contrary moker stroke patients the
frequency of homozygote mutated genotype was fawntie lower (8.7%) than
smoker controls (9.5%). The heterozygote genotygguiency in non-smoker stroke
patients (35.3%) and non-smoker controls (34.7%8 Yeaind to be very close to
each otherMoreoverthe percentage of homozygote mutated genotype aveer lin

non-smoker patients (10.2%) than non-smoker canffd.1%).
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Table 3.27GSTM1, GSTT1 and GSTPdenotype frequencies in smoker and non-

smoker groups.

Smoker (n=90) Non-smoker (n=300)
Genotypes
(%) Stroke Controls P Stroke  Controls
(n=69) (n=21) (n=176) (n=124)

GSTM1
Present 31(44.9) 6(28.6) 82 (46.6) 50 (40.3)
Null 38 (55.1) 15(71.4) 94 (53.4) 74 (59.7) 281
GSTT1
Present 44 (63.8) 15(71.4) & 133 (75.6) 95 (76.6) n
Null 25(36.2) 6(28.6) 0.51 43 (24.4) 29 (23.4) 0.
GSTP1 A313G
AA 37 (53.6) 12 (57.2) 96 (54.5) 61 (49.2)
AG 26 (37.7) 7(33.3) 0.777 62(35.3) 43(34.7) 0.36T
GG 6 (8.7) 2 (9.5 18 (10.2) 20(16.1)

a,b
null vs present
‘AG+GG vs AA

3.5.4.4 Distribution of GST Genotypes in Obese- Nonobese Gup

Table 3.28 summarizes the genotype distribution GSTM1, GSTT1 and
GSTP1 A313G polymorphisms in obese/non-obese patied control groups. In
obese stroke patients (46.4%) and non-obese statlents (46.0%) the frequency of
GSTM1 present genotype was found to be close td edber. However the
frequency of present genotype was lower in obesgraogroup (22.2%) than non-
obese control group (39.7%). When compared to obske patients (53.6%), the
GSTM1 null genotype frequency was found to be highahat of control (77.8%).
On the other hand the percentage of null genotyg® lawer in non-obese patients

(54.0%) than non-obese controls (60.3%). Among ®lggsup, stroke patients and
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controls had 33 and 5 GSTT1 present genotyped ithehls, respectively. The

frequency of present genotype was almost closeomaibese patient (76.2%) and
non-obese control group (77.2%). While the GSTTI genotype percentage was
41.1% in obese stroke patients, it was found td4d% in obese controls. The null
genotype frequencies were nearly close to eaclr ath®on-obese patients (23.8%)
and controls (22.8%). For GSTP1 A313G polymorphitre,frequency of wild type

was higher in obese stroke patients (53.6%) thas®lrontrols (44.4%). On the
other hand wild type percentage was found to bldrign non-obese stroke patient
group (54.5%) than non-obese control group (50.7%the non-obese group, 67
stroke patients and 46 controls had heterozygatetgpe. In the similar manner the
obese patients (21) had high number of heterozygetmtyped individuals when

compared to obese controls (4). The homozygote teditgenotype frequency was
found to be 8.9% in obese patients and 11.2% iselentrols. On the other hand
non-obese controls (15.5%) had higher frequendyoofozygote mutated genotype
than non-obese patients (10.1%). We observed therte twere no significant

differences between obese/non-obese stroke patsrtscontrols with respect to
genotype distribution of GSTM1, GSTT1 and GSTP1 2@ olymorphisms.
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Table 3.28 GSTM1, GSTT1 and GSTPdenotype frequencies in obese and non-

obese groups.

Obese (n=65) Non-obese (n=325)
Ge:((c))/toygpes Stroke Controls P Stroke  Controls
(n=56) (n=9) (n=189) (n=136)
GSTM1
Present 26 (46.4) 2 (22.2) 0.173 87 (46.0) 54 (39.7) 0.258
Null 30 (53.6) 7(77.8) 102 (54.0) 82 (60.3)
GSTT1
Present 33 (58.9) 5 (55.6) ¢ 144 (76.2) 105 (77.2) P
Null 23 (41.1) 4 @44.49 0.84 45 (23.8) 31(22.8)
GSTP1 A313G
AA 30(53.6) 4(44.4) 103 (54.5) 69 (50.7)
AG 21(37.5) 4(444) 0.61f 67(35.4) 46(33.8) 0.503
GG 5(8.9) 1(11.2) 19 (10.1) 21 (15.5)

a,b
null vs present
‘AG+GG vs AA

3.5.5 Distribution of NOS3 Genotypes in Different Certain Risk Factor
Groups

3.5.5.1 Distribution of NOS3 Genotypes in Hypertensive-Namotensive Group

The genotype distribution of NOS3 G894T, NOS3 TC€&6d NOS3 intron 4
VNTR polymorphisms are given in Table 3.Zbr NOS3 G894T wild type (GG)
genotype, hypertensive ischemic stroke patients5#8p had lower frequency than
hypertensive controls (45.4%). While hypertensivatignt group had 107
heterozygous (GT) and 3 homozygous mutated (TT)vithgals, hypertensive

control group had 26 heterozygote (GT) and 4 homoteymutated (TT) individuals.
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In the normotensive group, wild type and heterotgggenotype frequencies were
very close in patients and controls. In additiomnmatensive stroke patients had 4
and normotensive controls had 6 homozygote muiatididuals.

For NOS3 T-786C polymorphism, there were 60.1% wjde (TT), 38.7%
heterozygous (TC) and 1.2% homozygous mutated (@@yiduals in hypertensive
stroke patients. While the frequency of wild typasws6.4%, the frequencies of
heterozygous and homozygous mutated genotype w8r2%3 and 5.4% in
hypertensive control group, respectively. In thenmatensive group, stroke patients
(58.5%) had higher frequency of wild type genotypeen compared to controls
(56.7%). Among normotensive, 30 patients and 3@rotmwere heterozygote. On
the other hand, there were 4 patients and 3 caentrath mutated genotype in
normotensive group.

In terms of NOS3 VNTR polymorphism genotype frequies, there were no
statistically differences in hypertensive stroketiggas and controls B=0.696).
Moreover, in normotensive stroke patients and odmthad significantly NOS3
VNTR genotype distribution”R=0.038).
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Table 3.29NOS3 G894T, NOS3 T-786C and NOS3 VNTR genotypegueacies in

hypertensive and normotensive groups.

Hypertensive (n=218) Normotensive (n=172)
Genotypes
n(%) Stroke Controls P Stroke Controls P
(n=163) (n=55) (n=82) (n=90)

NOS3 G894T
GG 53 (32.5) 25 (45.4) 29 (35.4) 30(33.3)
GT 107 (65.6) 26 (47.3) 0.083 49(59.8) 54(60.0) 0.779
T 3(1.8) 4 (7.3) 4 (4.8) 6 (6.7)
NOS3 T-786C
TT 98 (60.1) 31 (56.4) 48 (58.5) 51 (56.7)
TC 63(38.7) 21(38.2) 0.624 30(36.6) 36(40.0) 0.804
CC 2(1.2) 3(5.4) 4 (4.9) 3(3.3)
NOS3 VNTR
aa 1 (0.6) 1(1.8) 1(1.2) 2(2.2)
ab 42 (25.8) 15(27.3) 0.696 29(35.4) 18(20.0) 0.038
bb 120 (73.6) 39 (70.9) 52 (63.4) 70 (77.8)
*TT+GT vs GG

“TC+CCvs TT
‘aa+ab vs bb

3.5.5.2 Distribution of NOS3 Genotypes in Diabetic-Nondiabtic Group

Table 3.30 summarizes the genotype distributioMN®S3 G894T, NOS3 T-
786C and NOS3 intron 4 VNTR polymorphisms in diatiabn-diabetic group. The
NOS3 G894T wild type genotype frequency was foumdbe 36.9% in diabetic
stroke patients and 40% in diabetic controls. & diabetic patients, 51 individuals
had heterozygote and 2 individuals had homozygatgatad genotype. In addition

there were 14 heterozygote and 1 homozygote mutgedtype in diabetic control
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group. The percentage of wild type and heterozygetetypes were 33% and 64%
in non-diabetic stroke patients, respectively. &y, in non-diabetic controls the
percentage of wild type (37.5%) was found to bedowhan the percentage of
heterozygote genotype (55.0%). On the other hameletwere 5 patients and 9
controls with mutated genotype in non-diabetic grou

The distribution of NOS3 T-786C wild type and hetsmgote genotypes were
approximately same in diabetic stroke patients emwotrols. But the homozygote
mutated genotype frequency was lower in diabetiokst patients than that of
controls. NOS3 T-786C wild type, heterozygote ggpes had similar frequency in
non-diabetic patients and controls. Therefore tee no significant difference with
respect to genotype distribution of NOS3 T-786Cypwrphism in diabetic/non-
diabetic group. For NOS3 VNTR polymorphism, “aa’nggpe frequency was
found to be 1.2% in diabetic patients and 0.6%an-diabetic patients, respectively.
In diabetic group, the heterozygote “ab” genotypecpntage was found to be lower
in patients (28.6%) than that of controls (32%). aNhcompared to non-diabetic
stroke patients (29.2%), the “ab” heterozygote ¢y frequency was found to be
lower in that of control (20.8%). While “bb” gen@g frequency was same in
diabetic patients and non-diabetic patients, it feasd to be higher in non-diabetic
control group than diabetic control group. Howewveone of the P values were

significant.
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Table 3.30NOS3 G894T, NOS3 T-786C and NOS3 VNTR genotypegueacies in

diabetic and non-diabetic groups.

Diabetic (n=109) Non-diabetic (n=281)
Genotypes
(%) Stroke Controls P Stroke Controls P
(n=84) (n=25) (n=161) (n=120)
NOS3 G894T
GG 31(36.9) 10 (40.0) 54 (33.0) 45 (37.5)
GT 51 (60.7) 14 (56.0) 0.779 105 (64.0) 66 (55.0) 0.309"
TT 2 (2.4) 1(4.0) 5(3.0) 9 (7.5)
NOS3 T-786C
TT 52 (61.9) 15 (60.0) 94 (58.4) 67 (55.8)
TC 29 (34.5) 8(32.0) 0.864 64(39.8) 49(40.8) 0.669
CC 3(3.6) 2 (8.0) 3(1.8) 4 (3.4)
NOS3 VNTR
aa 1(1.2) 1(4.0) 1 (0.6) 2(1.7)
ab 24 (28.6) 8(32.0) 0.555 47(29.2) 25(20.8) 0.17¢
bb 59 (70.2) 16 (64.0) 113 (70.2) 93 (77.5)
TT+GT vs GG

®TC+CCvs TT
‘aa+ab vs bb

3.5.5.3 Distribution of NOS3 Genotypes in Smoker-NonsmokeGroup

In smoker/non-smoker patient and control groupsNKE3 G894T, NOS3 T-
786C and NOS3 intron 4 VNTR genotype distributiogsgiven in Table 3.31.

Among smoker patients, there were 28 wild typeh&@rozygote and 2 homozygote

mutated individuals for NOS3 G894T polymorphism.nNsmoker patient group had

30.7% wild type, 66.5% heterozygote and 2.8% homotgymutated genotype. The

wild type frequency was lower in smoker control8.626) than non-smoker controls
(39.5%). On the contrary the heterozygote and hggue mutated genotype
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frequencies were found to be higher in smoker obsitwhen compared to non-
smoker controls. For NOS3 T-786C polymorphism, fleguency of wild type was
lower in smoker stroke patients (58.0%) than smakertrols (66.7%). On the other
hand wild type percentage was found to be highenan-smoker stroke patient
(60.2%) and non-smoker control groups (54.9%). Tlequency of heterozygote
genotype was found to be 39.1% in smoker pati€hB% in smoker control group,
37.5% in non-smoker patient and 40.3% in non-smo&atrol group. Smoker stroke
patients had 2 homozygous mutated individuals bubker controls had no
homozygous mutated individuals. In the non-smokeug 4 patients and 6 controls
had homozygote mutated genotype. When Table 3.3 examined in terms of
NOS3 VNTR polymorphism, 1 smoker stroke patienhjoh-smoker stroke patient
and 3 non-smoker controls had “aa” genotype. Therbeygote “ab” genotype
frequency was higher in smoker patients (36.3%i tihat of controls (19.0%). On
the contrary in smoker stroke patients the frequeric’bb” genotype was found to
be lower (62.3%) than smoker controls (81.0%). Tieéerozygote “ab” genotype
frequency in non-smoker stroke patients (26.1%) ao-smoker controls (23.4%)
was found to be very close to each other. Simildréy percentage of “bb” genotype
was almost same in non-smoker patients (73.3%)nanesmoker controls (74.2%).
None of the NOS3 polymorphisms had significantlifedent genotype distribution
both in smoker stroke patients and controls andan-smoker stroke patients and

controls.
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Table 3.31NOS3 G894T, NOS3 T-786C and NOS3 VNTR genotypeueagies in

smoker and non-smoker groups.

Genotypes Smoker (n=90) Non-smoker (n=300)
(%) Stroke Controls P Stroke Controls P
(n=69) (n=21) (n=176) (n=124)

NOS3 G894T
GG 28 (40.6) 6 (28.6) 54 (30.7) 49 (39.5)
GT 39 (66.5) 13(61.9) 0.32¢ 117 (66.5) 67 (54.0) 0.113
TT 2 (2.9 2 (9.5) 5(2.8) 8 (6.5)
NOS3 T-786C
TT 40 (58.0) 14 (66.7) 106 (60.2) 68 (54.9)
TC 27(39.1) 7(33.3) 0.476 66(37.5) 50(40.3) 0.352
CC 2(2.9 0 4 (2.3) 6 (4.8)
NOS3 VNTR
aa 11.4) 0 1(0.6) 3(2.4)
ab 25(36.3) 4(19.0) 0.113 46(26.1) 29(23.4) 0.862
bb 43 (62.3) 17 (81.0) 129 (73.3) 92 (74.2)
*TT+GT vs GG

“TC+CCvs TT
‘aa+ab vs bb

3.5.5.4 Distribution of NOS3 Genotypes in Obese- Nonobese@ip

The genotype distribution of NOS3 G894T, NOS3 TC&thd NOS3 intron 4
VNTR polymorphisms in obese/non-obese groups arensrized in Table 3.32.
When compared to obese stroke patients (26.8%)yilkdetype frequency of NOS3
G894T was found to be lower in obese controls @2.2Thirty eight obese stroke
patients had heterozygote genotype and 3 obeskespatients had homozygous

mutated genotype. In addition 7 heterozygote imtligls were found in obese
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control group. We observed that among non-obespa@iénts and 53 controls were
wild type. The frequency of heterozygote genotyme Wwigher in non-obese patients
than that of control. Conversely the homozygoteataat genotype frequency was
found to be lower in non-obese stroke patients wdmenpared to non-obese controls.
For the genotype distribution of NOS3 T-786C polyptosm, there was no
statistically significant difference between patgeand controls in obese/non-obese
group. We observed that for NOS3 VNTR polymorphisaa” genotype frequency
was found to be 1.8% in obese patients and 0.586mrobese patients, respectively.
In obese group, the heterozygote “ab” genotypegmeage was found to be lower in
patients (23.2%) than that of controls (44.4%). Whempared to non-obese stroke
patients (30.7%), the “ab” heterozygote genotypquency was found to be lower in
non-obese controls (21.3%). The homozygote “bb"otygre frequency was higher
in obese stroke patients (75.0%) than obese centBal.6%). On the contrary non-
obese stroke patients (68.8%) had lower “bb” ggme@fyequency than that of control
(76.5%). In terms of genotype distributions of NOG894T, NOS3 T-786C and
NOS3 intron4 VNTR polymorphisms, there were no istighlly significant
difference both between obese stroke patients amttats and non-obese stroke
patients and controls.
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Table 3.32NOS3 G894T, NOS3 T-786C and NOS3 VNTR genotypeueagies in

obese and non-obese groups.

Obese (n=65) Non-obese (n=325)
Ge:(c;gpes Stroke Controls P Stroke Controls P

(n=56) (n=9) (n=189) (n=136)
NOS3 G894T
GG 15 (26.8) 2 (22.2) 67 (35.5) 53(39.0)
GT 38(67.9) 7(77.8) 0.772 118(62.4) 73(53.7) 0.517
1T 3(5.3) 0 4 (2.1) 10 (7.3)
NOS3 T-786C
TT 39 (69.6) 5 (55.6) 107 (56.6) 77 (56.6)
TC 17 (30.4) 3(33.3) 0402 76(40.2) 54(39.7) 1.000
CC 0 1(11.1) 6 (3.2) 5(3.7)
NOS3 VNTR
aa 1(1.8) 0 1(0.5) 3(2.2)
ab 13(23.2) 4(44.4) 0.226 58(30.7) 29(21.3) 0.126
bb 42 (75.0) 5 (55.6) 130 (68.8) 104 (76.5)
*TT+GT vs GG

“TC+CCvs TT

3.6 Effects of Conventional Vascular Risk Factors in Cfferent CYP2E1,
FMO3, NOS3, GSTM1, GSTT1, GSTP1 and NQO1l Genotypesf Ischemic
Stroke Patients and Controls

In this section among CYP2E1*5B, CYP2E1*6, CYP2EB*FMO3 G472A,
FMO3 A923G, NQO1*2, GSTM1, GSTT1, GSTP1, NOS3 G89HDS3 T-786C,
and NOS3 VNTR genotypes the effects of conventionslk factors such as

hypertension, diabetes, smoking and obesity orersahstroke were analyzed.
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3.6.1 Effects of Conventional Vascular Risk Factors in CY2E1*5B,
CYP2E1*6 and CYP2E1*7B Genotypes of Ischemic StrokePatients and
Controls

Table 3.33shows the effects of hypertension, diabetes, sngokimd obesity
together with CYP2E1*5B, CYP2E1*6 and CYP2E1*7B gsmes on the risk of
stroke. In CYP2E1*5B genotypes group, the propartb stroke patients to controls
was found to be higher in hypertensive, diabetiopler and obese group than
normotensive, non-diabetic, non-smoker and none®lgeup. For CYP2E1*5B
*1A*1A genotyped individuals, the risk of havingrake was 3 times higher in
hypertensives when compared to normotensives. &iyih diabetics, smokers and
obese group *1A*1A genotype had 2 to 4-fold incezhssk for stroke.

When Table 3.33vas examined in terms of CYP2E1*6 genotypes, ielias and
smokers *1A*1A genotype had 2.5 times higher rigktbr than non-diabetics and
non-smokers. The risk ratio was increase up tor8teypertensives and also to 5.5 in
obese group when compared to normotensives andolbese group. For
CYP2E1*7B genotypes, if the person had *1A*1A gemet the risk of having
stroke was 2.7 times higher in hypertensives whanpared to normotensives. On
the other hand, hypertensives having *1A*7B genetyyere found to be 8.6-fold
higher statistically significant risk factor forrgke. Both diabetic (OR=2.481,
P=0.000) and smoker (OR=2.01R50.017) groups had the higher risk of stroke for
*1A*1A genotype when compared to non-diabetic anmh-smoker groups. In
addition, for individuals carrying *1A*1A genotypehe risk of having stroke is

almost 4 times higher in obese group when comparedn-obese grouf€0.000).
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Table 3.33Stratification of hypertensive/normotensive, diaabn-diabetic, smoker/non-smoker, obese/non-obetieiduals according
to CYP2E1*5B, CYP2E1*6 and CYP2E1*fi2notypes and stroke-control status.

zGT

Genotypes Hypertensive Normotensive OR P |Diabetic Non-diabetic OR P | Smoker Non-smoker OR P Obese Non-obese OR P
Al s;rr?t'r‘; 223 985 3.253 0.00Q gg 11;3; 2.504 0.000 Sf 11275 2314  0.001 26 113?: 4.477 0.000
CYP2EL*5B

ATIA Sct(;?]ﬁil 15552 22 3.074 0.000 ;2 ﬁz 2.457 0.000 gf) 1‘; 2413 0.001 594 gg 4550  0.000
"ATSE it(;ﬁtkril 101 i NA  NA g 2 NA  NA ‘11 g NA  NA (2) 111 NA  NA
"oB*SB zgﬁt':; 8 g NA  NA 8 8 NA  NA 8 8 NA  NA 8 8 NA  NA
CYP2EL*6

ATIA Sct(;?]ﬁil 1262 gg 3.527 0.000 ;‘; ﬁi 2.534 0.000 ig ﬁg 2589  0.001 572 iig 5.525  0.000
1A% i‘;ﬁtkril 1;3 13 1.818 0.319 130 ig 2.807 0.154 g ig 1.260 0.725 g fs 0.980 1.000
6% zgﬁt':; g é NA  NA 8 g NA NA (2) (2) NA  NA (1) g NA  NA
CYP2EL*7B

TATIA Sct(;?]ﬁil 1535; ;2 2.798 0.000 z 13(;2 2.481 0.000 ig 1‘32 2019  0.017 487 iig 4.144  0.000
ATTE i‘;ﬁtkril 253 185 8.625 0.000 132 ig 3.578 0.069 133 i? 4002  0.043 f fg 6.608 0.057
"7B7B igEtI;; é ; NA  NA i i 0.333 0.540 (2) g NA  NA (1) g NA  NA

Note: Values are number of subjects. Comparisaadwchi-square test.
OR: odds ratio. NA: Not applicable.



3.6.2 Effects of Conventional Vascular Risk Factors in FMD3 G472A and
FMO3 A923G Genotypes of Ischemic Stroke Patients dnControls

As shown in Table 3.34, among FMO3 G472A genotypisk, of ischemic

stroke in hypertensives was found to be highestiwiGA genotype when compared
to normotensives (OR=6.11®=0.000). Moreover, in hypertensives (OR=4.261,
P=0.000) and diabetics, AA genotype (OR=2.763;0.038) was found to be
significant risk factor for ischemic stroke. We falithat both in smokers and obese
individuals, AA genotype had same risk for ischemstioke.On the other hand, in
GG genotype group, the risk of having stroke wastitnes higher in smokers when
compared to non-smokers. For obesity, GG (OR=6.2220.001) and AA
(OR=3.620P=0.020) genotypes were found to be significant fasitors of stroke.
For FMO3 A923G genotypes, hypertensives having A8 AG genotypes had 3-
fold and 6-fold greater risk of stroke than nornmsiges, respectively. While AA
genotype was found to be 2.6 and 2.3 times higis&raf stroke in diabetics and
smokers, this ratio was increased up to 4.8-folobiese group.
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Table 3.34Stratification of hypertensive/normotensive, diatiaon-diabetic, smoker/non-smoker, obese/non-®ledividuals according
to FMO3 G472A and FMO3 A923&enotypes and stroke-control status.

Genotypes Hypertensive Normotensive OR P |Diabetic Non-diabetic OR P | Smoker Non-smoker OR P Obese Non-obese OR P

Al s;rr?tlr(; 2653 985 3.253 0.004 28;1 11;3; 2.504 0.000 519 1127:3 2314  0.0(1 26 11;3: 4477 0.000
FMO3 G472A

e csct)r;:(; 2666 3413 1.830 0.066 1410 f69 2.424 0.021 27 4782 2.740 0.013 28 5841 6.222 0.001
GA cs;r;l:; fél 3lf 6.110 0.000 ZO ;67 2432 0.050 67 gg 0.886  0.840 27 fg 2.040 0176
AA zgﬁggl i’g ;g 4.261 0.000 264 35,2 2.763 0.038 265 :g 2.932  0.047 il fg 3.620 0.020
FMO3 A923G

A ig(r:tligl 2412 ;2 3.016 0.00d Zg ]]:(3;2 2.696 0.000 ]6_5 ]]:fg 2.361 0.002 582 ]:_Lgf 4.854 0.000
AG cs;r;l:; io 113 6.000 0.007 : 12:5 1.076 1.000 27 123 2130 0377 14 1256 2307 0.462
GG Csct):::(; (;L (§) NA NA (;L é) NA NA (g) (;I' NA NA (§) (;L NA NA

Note: Values are number of subjects. Comparisaadbwrchi-square test.

OR: odds ratio. NA: Not applicable.



3.6.3 Effects of Conventional Vascular Risk Factors in N@1*2 Genotypes of
Ischemic Stroke Patients and Controls

In each genotype group of NQO1*2 polymorphism, gmeportion of stroke
patients to controls was increased in hypertensitlean compared to normotensives.
As seen in Table 3.35, both *1*1 (OR=3.103;0.000) and *1*2 (OR=3.469,
P=0.000) genotypes were found to be significant rigictor of stroke in
hypertensives. Among diabetics, for *1*1 genotyibe, risk of having stroke was 2.9
times higher than non-diabetid3=0.001). *1*2 genotype had 5-fold increased risk
of stroke in smoker subjects when compared to mooksr subjects R=0.000).
While *1*1 genotype had 4.2-fold greater risk inesle people than non-obese people
(P=0.002), *1*2 genotype had approximately 4.7-foitreased risk of stroke in
obese individualsR=0.003).
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Table 3.35 Stratification of hypertensive/normotensive, diaiaon-diabetic, smoker/non-smoker, obese/non-®hedividuals according

to NQO1*2 genotypes and stroke-control status.

Genotypes Hypertensive Normotensive OR P |Diabetic Non-diabetic OR P | Smoker Non-smoker OR P Obese Non-obese OR P

Al ngr?t':; 1523 985 3.253 0.000 554 11263 2.504 0.000 ;’19 11275 2314  0.001 26 1138: 4.477  0.000
NQO1*2

*1*1 zgst': Sy s 3103 000 o) 2982 0001 OO w129 o04ds P to 4246 0002
e (S:gﬁtl:; 22 ji 3.469 0.000 ig :g 1.820 0.123 267 gg 5.000 0.040 ];19 222 4.750 0.003
*2%) igstl:; f 5 4.800 0.194 g g NA  NA g ; NA NA (1) 150 NA  NA

Note: Values are number of subjects. Comparisaadpichi-square test.

OR: odds ratio. NA: Not applicable.



3.6.4 Effects of Conventional Vascular Risk Factors in GEM1, GSTT1 and
GSTP1 A313G Genotypes of Ischemic Stroke Patienta@ Controls

Table 3.36shows the effects of hypertension, diabetes, sngokimd obesity
together with GSTM1, GSTT1 and GSTP1 genotypeshanrisk of stroke. For
GSTM1 genotypes while present genotype had 2.4doééter risk, null genotype
had 3.8 times higher risk in hypertensives when gamed to normotensives. When
we examined diabetic people in the GSTM1 presenbiype group, the risk of
having stroke was more than 3.2-fold higher in dials when compared to non-
diabetics P=0.005). Moreover, in diabetics, null genotype Radnes greater risk of
stroke than non-diabetic$£0.014). For smokers, GSTM1 present genotype with
3.150 odds ratio was found to be significant riaktér £=0.013). Among obese
people with GSTM1 present genotype, the risk abk&rwas significantly higher
than non-obese people (OR=8.068;0.001). On the other hand, GSTM1 null
genotype was found to be 3.4-times significant ffiaktor in obese group when
compared to non-obese groug=(0.003). GSTT1 present and null genotypes had 2.7-
fold and 5.5-fold greater risk of stroke in hypedies when compared to
normotensives, respectively. In the diabetics, 0BISTT1 present genotype was
found to be significant risk factor (OR=2.518;0.001). In addition, GSTT1 present
genotype had 2.1 times higher risk in smokers coetpto non-smokerd?€0.022).

In obese individuals, the risk of having stroke \magher both in the GSTT1 present
and null genotypes than non-obese individuals fiasent genotype OR=4.812,
P=0.000, for null genotype OR=3.962570.014). When Table 3.36 was examined in
terms of GSTP1 A313G genotypes, AA, AG and GG ggesd had 3.5-, 2.8- and
3.5- fold significantly greater risk of stroke irygertensives when compared to
normotensives, respectively. Both in diabetics amibkers, only AG genotype was
found to be significant risk factor for stroke (fdrabetics OR=3.8082=0.001; for
smokers OR=2.577=0.039). Among obese subjects, for AA genotyperitie of
having stroke was 5 times higher than non-obesgsisbf=0.001). Similarly AG
genotype had 3.6-fold greater risk in obese pettyale non-obese people<£0.020).
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Table 3.36 Stratification of hypertensive/normotensive, diadaon-diabetic, smoker/non-smoker, obese/non-®beslividuals
according to GSTM1, GSTT1 and GSTP1 A313G genotgpesstroke-control status.

Genotypes Hypertensive Nomotensive OR P [Diabetic Non-diabetic OR P | Smoker Non-smoker OR P Obese Non-obese OR P
All stroke 163 82 84 161 69 176 56 189

control 55 90 3.253 0.00(Q 25 120 2.504 0.000 21 124 2314 0.001 9 136 4.477 0.000
GSTM1
Present stroke 77 36 39 74 31 82 26 87

control 2 30 2.467 0.006 8 48 3.162 0.005 5 50 3.150 0.013 2 54 8.068 0.001
Null stroke 86 46 45 87 38 94 30 102

control 29 60 3.868 0.00(Q 17 7 2.190 0.01¢ 15 74 1994 0.041 7 82 3.445 0.003
GSTT1
Present stroke 116 61 61 116 44 133 ) 33 144

control 45 65 2.746 0.000 19 o1 2.518 0.001 15 95 2.095 0.022 5 105 4.812 0.000
Null stroke 47 21 23 45 25 43 i 23 45

control 10 25 5.595 0.000 5 29 2.470 0.07¢ 5 29 2.810 0.039 4 31 3.961 0.014
GSTP1 A313G
AA stroke 88 45 38 95 37 96 30 103

control 2 47 3.535 0.00Q 14 59 1.685 0.137 12 61 1.959 0.046 4 69 5.024 0.001
AG stroke 59 29 37 51 26 62 i 21 67

control 21 29 2.809 0.004 8 42 3.808 0.001 7 43 2,576  0.039 4 46 3.604 0.020
GG stroke 16 8 9 15 6 18 d 5 19

control s 14 3.500 0.039 3 19 3.800 0.065 5 20 3.333 0.185 1 21 5.526 0.101

Note: Values are number of subjects. Comparisoadachi-square test.

OR: odds ratio. NA: Not applicable.



3.6.5 Effects of Conventional Vascular Risk Factors in N&@3 G894T, NOS3
T-786C and NOS3 VNTR Genotypes of Ischemic Strokealents and Controls

The effect of hypertension, diabetes, smoking dmesity together with NOS3
G894T, NOS3 T-786C and NOS3 VNTR genotypes on sbhemic stroke risk is
given in Table 3.37. When compared to normotensivelypertensives the risk of
having stroke was found to be 2.193 times and 4tBB3&s higher for NOS3 G894T
GG and GT genotypes, respectively. On the othed h@t genotype had 2.6-fold
and 4.2-fold greater stroke risk in diabetics amblsers than non-diabetics and non-
smokers. We observed that the person carrying G®tgee together with obesity
had approximately 6-fold increase risk for stroke={.010). In addition, GT
genotyped obese people were found to be 3 timeg tialy to stroke than non-
obese people  PE0.003). For NOS3 T-786C genotypes, in
hypertensive/normotensive,  diabetic/non-diabetic, moler/non-smoker  and
obese/non-obese groups, TT and TC genotypes weramdeed as a significant risk
factor of stroke. As seen in Table 3.37, the prdltglof having stroke varied from 2
to 5 times for TT genotype in the conventional fa&tors groups except smokers. In
diabetics and smokers, the TC genotype had 2.42#&ndold greater risk for stroke
than non-diabetics and non-smokers, respectively find that among people with
TC genotype, hypertension and obesity significamtigrease the risk of having
stroke (for hypertension OR=3.600=0.000; for obesity OR=4.0267=0.022).
When NOS3 VNTR “bb” genotype was taken into constlen, in the
hypertensives, the risk of having stroke was 4-foigher than normotensives
(P=0.000). On the other hand, “bb” genotype wasdoto be significant risk factor
in diabetic (OR=3.034P=0.000) and obese (OR=6.72B=0.000) groups when
compared to non-diabetic and non-obese groupsdrsmokers “ab” genotype had

3.9-fold significantly greater risk of stroke thaan-smokers, respectively.
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Table 3.37 Stratification of hypertensive/normotensive, ditatiaon-diabetic, smoker/non-smoker, obese/non-@beslividuals
according to NOS3 G894T, NOS3 T-786C and NOS3 VINg€Rotypes and stroke-control status.

Genotypes Hypertensive Nommotensive OR P |Diabetic Non-diabetic OR P | Smoker Non-smoker OR P Obese Non-obese OR P

Al (fgr?t'r‘; 2653 985 3.253 0.000 ;354 112601 2.504 0.000 Sf ll;f 2314  0.0Q1 26 ll:f: 4.477 0.000
NOS3 G894T

GG Csérn‘:'r‘; 2553 32(? 2.193 0.026 1301 45: 2.607 0.018 28 45; 4234 0.0Q2 ;5 5637 5932 0.010
et :(t)'notf; 227 543 4535 0.00 1541 égs 1.938 0.052 1339 éy 1717 0.124 38 71;8 3.358  0.003
Tr ng:]’t'r‘; 43 g 1.125 1.000 12 : 3.600 0.322 5 : 1.600  0.642 g 1‘:) NA  NA
NOS3 T-786C

Tr ng:]’t'r‘; if gf 3.358 0.00 1552 :;‘ 2.226 0.015 fg E%G 1832  0.078 ég %27 5.613 0.000
e Cs(t)rnot':; 513 ;’g 3.600 0.000 29 f;' 2.472 0.037 ?7 5606 2922 0017 ;7 5746 4.026 0.022
ce :;r;f; 32 34 0.500 0.558 23 j’ 2.000 0.558 02 : NA  NA 10 56 NA  NA
NOS3 VNTR

aa :;;‘::;T 11 21 2.000 0.709 11 21 2.000 0.700 01 31 NA  NA 01 31 NA  NA
ab CS;;?;‘T 1452 1289 1.737 0.191 ;4 2‘:'57 1595 0.325 25 2‘;6 3.940 0014 j3 228 1.625 0.426
bb Csérn‘i'r‘; égo 7502 4.142 0.000 1569 ;;3 3.034 0.000 1473 9159 1.804  0.041 542 1%)30 6.720 0.000

Note: Values are number of subjects. Comparisaabwchi-square test.

OR: odds ratio. NA: Not applicable.



3.7 Logistic Regression Analysis

In order to determine the effects of vascular fegtdipid parameters, and
CYP2E1, FMO3, NQO1, GSTP1l, GSTM1, GSTT1l, NOS3 gged in the
prediction of ischemic stroke were evaluated bygidogistic regression analysis
with backward selection method. Different combioas of parameters in the overall
study population or in different subgroups wereduse set up different binary

logistic regression models.

Model 1

Age, sex, hypertension, smoking status, diabetessity, lipid parameters (total
cholesterol, triglycerides, LDL-cholesterol and Hholesterol) and CYP2E1*5B,
CYP2E1*6, CYP2E1*7B, FMO3 G472A, FMO3 A923G, NOSBd3T, NOS3 T-
786C, NOS3 VNTR, GSTM1, GSTT1, GSTP1 A313G and N€Ofenotypes were
added as covariates in model 1 and logistic regmesanalysis showed that
hypertension (OR=2.847, 95%CI=1.735-4.67250.000), smoking (OR=2.723,
95%CI=1.474-5.032P=0.001), obesity (OR=2.887, 95%CI=1.302-6.4D20.009),
LDL-cholesterol (OR=1.362, 95%CI=1.060-1.758+=0.016) to be the strongest
determinants of ischemic stroke (Table 3.38). Ga @ather hand HDL-cholesterol
(OR=0.300, 95%CI=0.130-0.693P=0.005) and NQO1 heterozygote (*1*2)
genotype (OR=0.562, 95%CI=0.348-0.908;0.018) were found to be preventive
factors for ischemic stroke. The model predicted5%9 of cases correctly and
Hosmer-Lemeshow goodness of fit test pointed cait tthe calibration of the model
was satisfactoryy@=2.7; 8 degrees of freedof+0.952).
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Table 3.38 Logistic regression analysis of vascular risk fextqage, sex,

hypertension, smoking status, diabetes, obesityyl parameters (total cholesterol,
triglycerides, LDL-cholesterol and HDL-cholesteralld CYP2E1*5B, CYP2E1*6,

CYP2E1*7B, FMO3 G472A, FMO3 A923G, NOS3 G894T, NOB386C, NOS3

VNTR, GSTM1, GSTT1, GSTP1 A313G and NQO1*2 genosy(odel 1)

Parameters OR 95% ClI P
Hypertension 2.847 1.735-4.674 0.000
Smoking 2.723 1.474-5.032 0.001
Obesity 2.887 1.302-6.402 0.009
LDL-cholesterol 1.362 1.060-1.750 0.016
HDL-cholesterol 0.300 0.130-0.693  0.005
NQO1*1*2 0.562 0.348-0.908 0.018

Model 2

In model 2 only elderly (aged>59 years) subjectsewased for logistic
regression analysis. Covariates were chosen sam®dsl| 1, except that age was
not included. According to results hypertension f2®85, 95%CI=1.407-5.124,
P=0.003), smoking (OR=3.873, 95%CI|=1.529-9.8®250.004), obesity (OR=2.706,
95%CI=1.081-6.770P=0.033), LDL-cholesterol (OR=3.619, 95%CI=1.4503L0
P=0.006) were found to be the strongest determinahtschemic stroke (Table
3.39). In addition NQO1 heterozygote (*1*2) genay{®R=0.483, 95%CI=0.266-
0.878,P=0.017) had preventive effect against ischemickstrdhe model predicted
72.3% of cases correctly and Hosmer-Lemeshow gasdoiefit test pointed out that

the calibration of the model was satisfactoy2=<7.772; 8 degrees of freedom,;
P=0.456).
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Table 3.39Logistic regression analysis of vascular risk dest(sex, hypertension,
smoking status, diabetes, obesity), lipid paramsefmtal cholesterol, triglycerides,
LDL-cholesterol and HDL-cholesterol) and CYP2E1*3BYP2E1*6, CYP2E1*7B,
FMO3 G472A, FMO3 A923G, NOS3 G894T, NOS3 T-786C, OVNTR,
GSTM1, GSTT1, GSTP1 A313G and NQO1*2 genotypes ldery (aged>59)
group (Model 2)

Parameters OR 95% ClI P
Hypertension 2.685 1.407-5.124  0.003
Smoking 3.873 1.529-9.815 0.004
Obesity 2.706 1.081-6.770  0.033
LDL-cholesterol 3.619 1.450-9.031 0.006
NQO1*1*2 0.483 0.266-0.878  0.017

Model 3

In this model only youngefaged<60 years) subjects were analyzed and sex,
hypertension, smoking status, diabetes, obesid lbarameters (total cholesterol,
triglycerides, LDL-cholesterol and HDL-cholesteraldd CYP2E1*5B, CYP2E1*6,
CYP2E1*7B, FMO3 G472A, FMO3 A923G, NOS3 G894T, NOB386C, NOS3
VNTR, GSTM1, GSTT1, GSTP1 A313G and NQO1*2 genosypeere added as
covariates. In this case the strongest determiradrggoke such as smoking, obesity,
diabetes, LDL-cholesterol were not found to be affe. On the other hand logistic
regression analysis revealed hypertension (OR=3.992%CI|=1.492-10.682,
P=0.006) and total cholesterol (OR=1.597, 95%CI=8-2825, P=0.014) as
significant predictors of stroke (Table 3.4@Je observed that HDL- cholesterol was
found to have protective effects. 69.1% of casesewwedicted correctly by the
model and the calibration was satisfactog2=13.552; 8 degrees of freedom,;
P=0.094).

164



Table 3.40Logistic regression analysis of vascular risk dest(sex, hypertension,
smoking status, diabetes, obesity), lipid paramsefmtal cholesterol, triglycerides,
LDL-cholesterol and HDL-cholesterol) and CYP2E1*3BYP2E1*6, CYP2E1*7B,
FMO3 G472A, FMO3 A923G, NOS3 G894T, NOS3 T-786C, IBOVNTR,
GSTM1, GSTT1, GSTP1 A313G and NQO1*2 genotypes annger (aged<60)
group (Model 3)

Parameters OR 95% CI P

Hypertension 3.992 1.492-10.682 0.006
Total cholesterol 1.597 1.098-2.325 0.014
HDL-cholesterol 0.168 0.035-0.797 0.025

Model 4

Within female subjects when age, hypertension, sngolstatus, diabetes,
obesity, lipid parameters (total cholesterol, yagirides, LDL-cholesterol and HDL-
cholesterol) and CYP2E1*5B, CYP2E1*6, CYP2E1*7B, ©BI G472A, FMO3
A923G, NOS3 G894T, NOS3 T-786C, NOS3 VNTR, GSTMKTG1, GSTP1
A313G and NQO1*2 genotypes were selected as cdear{@able 3.41) for model
4, hypertension, diabetes, smoking status and Liilesterol were found to be
significant determinants of stroke. As the modahtl model 3 HDL-cholesterol had
protective effect against stroke and also NOS3 89%4dnotype had protective effect
against stroke in model 4. The model correctly jted 74.4% of the cases and the
Hosmer-Lemeshow goodness of fit test demonstratetl the calibration of the
model was satisfactoryyZ=6.614; 8 degrees of freedor®=0.579) for logistic

regression.
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Table 3.41Logistic regression analysis of vascular risk dest(age, hypertension,
smoking status, diabetes, obesity), lipid paramsefmtal cholesterol, triglycerides,
LDL-cholesterol and HDL-cholesterol) and CYP2E1*3BYP2E1*6, CYP2E1*7B,
FMO3 G472A, FMO3 A923G, NOS3 G894T, NOS3 T-786C, IBOVNTR,
GSTM1, GSTT1, GSTP1 A313G and NQO1*2 genotypegindle group (Model 4)

Parameters OR 95% ClI P

Hypertension 5.432 2.411-12.242 0.000
Diabetes melitus 3.502 1.400-8.759 0.007
Smoking 9.406 2.131-41.506 0.003
LDL-cholesterol 2.329 1.483-3.659 0.000
HDL-cholesterol 0.130 0.033-0.506 0.003
NOS3 894TT 0.017 0.001-0.334  0.007

Model 5

In model 5 the same analysis that analyzed in médebs repeated in a male
group. Hypertension and obesity was found to bengest determinants of stroke
(Table 3.42). NQOL1 *1*2 heterozygote genotype aml Hholesterol was found to
be significant protector of stroke. 72.9% of casese predicted correctly by the
model and the calibration was satisfactop2=2.891; 8 degrees of freedom;
P=0.941).
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Table 3.42Logistic regression analysis of vascular risk dest(age, hypertension,
smoking status, diabetes, obesity), lipid paramsefmtal cholesterol, triglycerides,
LDL-cholesterol and HDL-cholesterol) and CYP2E1*3BYP2E1*6, CYP2E1*7B,
FMO3 G472A, FMO3 A923G, NOS3 G894T, NOS3 T-786C, IBOVNTR,
GSTM1, GSTT1, GSTP1 A313G and NQO1*2 genotypesatergroup (Model 5)

Parameters OR 95% ClI P
Hypertension 2.981 1.535-5.789 0.001
Obesity 6.138 1.349-27.935 0.019
HDL-cholesterol 0.302 0.094-0.971 0.044
NQO1*1*2 0.463 0.239-0.898 0.023
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CHAPTER 4

DISCUSSION

Stroke, being the third leading cause of deathhim world, is described as
interruption or severe reduction of blood flow erebral arteries (Sartt al., 2000;
Crack and Taylor, 2005). Carotid stenosis, resglfiom atherosclerosis, is a risk
factor for stroke (Nagaat al., 2001). Oxidative stress, the condition occurmvigen
the physiological balance between oxidants andbrigiants is disrupted, plays an
important role in the pathogenesis of atheroscigraancer and diabetes. Indeed,
production of reactive oxygen species is increasedchemic stroke, leading to
oxidative stress that contributes to brain dama@eagk and Taylor, 2005;
Alexandrovaet al., 2004).

Oxidative stress contributes to the initiation ashehelopment of stroke via
different interrelated mechanisms such as excitoityxresulting in cellular enzyme
activation and ROS generation, mitochondrial dysiam accompanied by excessive
radical production, activation and oxidative damamjeendothelium resulting in
reduced bioavailability of nitric oxide, lipid peddlation of plasma and cellular
components including those in the arterial vessal. w

ROS is very important in the development of oxmatstress condition. As
mentioned above in biological systems, equilibrinormally exists between ROS
generation and antioxidant capacity of the organigw high rates of radical
generation, the antioxidant capacity may be ineigfit to compensate for the
increase in ROS and to reset the original balamce cxidative stress may occur.

There are various polymorphic enzymes that playe rol the production and
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elimination of ROS. These polymorphisms are impurtaither in increase or
decrease enzyme activity. In this study, it is ps®al that greatly reduced activity of
ROS detoxifying enzymes or induced activity of R@®ducing enzymes due to
genetic polymorphisms increases oxidative stresshwmay contribute to ischemic
stroke. In this context, understanding the effettpolymorphisms of enzymes
playing role in either in the production (like CYPR, FMO3 and NOS3) or
elimination (like GST and NQO1) of reactive oxygspecies in ischemic stroke
development is of crucial importance. Thereforepiasent study, it was aimed to
study three genetic polymorphisms of CYP2E1l, twomegje polymorphisms of
FMO3, one genetic polymorphism of NQO1, three gengblymorphisms of GST
and three genetic polymorphisms of NOS3 enzymessaéisfactors for ischemic
stroke. In addition, roles of conventional riskttas such as gender, hypertension,
smoking, diabetes mellitus, obesity and lipid pagters such as total cholesterol,
triglyceride, LDL-cholesterol and HDL-cholesteroére also evaluated.

Demographic characteristics and lipid parameters

The risk factors of ischemic stroke were given étads in the chapter 1, section
1.1.2. Stroke is a late onset disorder and agenis af the most significant
determinants of stroke (McGrudet al., 2004; Wolfe, 2000). In the present study,
there was no difference in mean age of patient$4#48.3) and controls (62.1+14.1,
P=0.061). One of the most difficult parts of thisidy was to create control group.
Because there were lots of criteria (Chapter 2a@e&.1.1) in order to select control
subjects and it was very difficult to find any elgeindividual who carrying all of
these criteria. In order to minimize the effect age on results and to make
meaningful conclusions, the mean age of patierdscantrols were matched.

The other non-modifiable risk factor of stroke ialengender. Alteet al. (1986),
Boysenet al. (1988), Michekt al. (2010) were reported that in most age groups male
gender had higher stroke incidence than female egemal this study 141 male and
104 female subjects were found in the patient grdgdes had 1.3 times greater risk
of stroke in the present study. The male gendergbeace of patients and controls
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were 57.6% and 50.3%, respectively. There was nattasistically significant
difference between the patient and control grouipis rgspect to gendeP€0.167).
Hypertension (Fiebachkt al., 1989; Jamrozilet al., 1994), diabetes mellitus (Bell,
1994; Stegmayr and Asplund, 1995; Goldsttial., 2001) and smoking (Wott al .,
1988) are modifiable risk factors of stroke. Amargk factors, the most important
one is hypertension for stroke and controlling htgresion reduces by 40% the risk
of first or recurrent stroke (Lawes al., 2004). In the previous studies carried out in
our laboratory, hypertension and diabetes mellitese found to be significant
determinants of ischemic stroke (Can Demgeldet al., 2008; Can Demirdten et
al., 2009; Turkanglu et al., 2010). In this study obesity (OR=4.4P~0.000) and
smoking (OR=2.3192=0.001) in addition to hypertension (OR=3.2B30.000) and
diabetes mellitus (OR=2.50R=0.000) were also found to be significant risk éast
for stroke. Our findings were consistent with Kuineal.’s (1998) study reported
that in Turkish population hypertension, diabetad amoking increase the risk of
stroke.

The Prospective Study Collaboration group did nsetalysis of data from 45
observational cohorts in 1995. This study comprised50.000 individuals in which
13.397 fatal strokes. And they reported that tiveas no association between total
cholesterol concentration and risk of fatal stréReospective studies collaboration,
1995). According to another meta-analysis studyltescholesterol concentration
was found to be associated with fatal ischemickstrioefore the age of 70 years;
however, after 70 years no association was foureifigton et al., 2007). The
stroke subtypes could be important to find out ession between lipid parameters
and stroke risk. Because there are different mesimen that underlying the
pathogenesis stroke subtypes. ktoal. (1989) showed that the association of
cholesterol with risk of ischemic stroke in theiwdy. In the same study, the inverse
relationship was seen between cholesterol and hbagc stroke. There were
contradictory data about cholesterol for risk abké in the literature. In present
study, total cholesterol levels of patients (4.&1was found to be higher than
controls (4.6x£1.2P=0.112) but this difference was not statisticalgngicant.
Triglyceride level was found to be significant pictdr of stroke and coronary heart

disease in the studies conducted by Labreethé (2009) and Tannet al. (2001).
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In addition, according to a study performed in tAsia-Pacific region serum
triglycerides were important and independent ptedicf coronary heart disease and
stroke (Patelet al., 2004). On the other hand, our results do not stupihese
findings. In our study, there was no statisticalignificant difference with respect to
triglyceride levels between patients (1.4+0.2) aadtrols (1.3+0.2P=0.174).

Oxidized LDL is an important mediator for ather@sokis. Aviram (1993)
reported that inhibition of LDL modifications maygvent the development of
atherosclerotic lesion. Inhibition of oxidationldDL by HDL is a known fact today.
HDL is known as a protective factor against atheeyssis which is important step
in the pathogenesis of stroke. High levels of HDiolesterol were shown as a
significant protective factor of stroke and corgnaeart disease (Wannamettate
al., 2000; Tannest al., 2001, Turkanglu et al., 2010). We expected to see same
results in present study. HDL-cholesterol transpdrblesterol to the liver for
excretion or reutilization, therefore it is knows good cholesterol. In this study
HDL-cholesterol levels of patients (1.1+0.3) wergngicantly lower than controls
(1.2+0.3; P=0.001). Also, our findings promote the protectigdect of HDL-
cholesterol against ischemic stroke.

Several clinical studies shown that intensive lomgeiof LDL-cholesterol levels
in patients at risk of cardiovascular disease (CdBjreases the further risk of CVD
(Severet al., 2003; Cannoret al., 2004; LaRosat al., 2005). In addition, a recent
meta-analysis shown that intensive lowering of LEMclesterol cause 16%
reduction in ischemic stroke but no significantuteswere obtained for hemorrhagic
stroke (Cholesterol Treatment Trialists’ (CTT) Gdlbration, 2010). In this study,
ischemic stroke patients (2.9+1.0) had significartigher LDL-cholesterol level
than controls (2.7+1.02=0.007) as expected.

Genotype Distributions of CYP2E1, FMO3, NQO1, GSTP1, GSTM1, GSIT1 and
NOS3 Polymorphisms in Turkish Population and Other Ethnicities

Genetic polymorphisms show variability in differeathnicities and also the
same gene frequency could be different in the spoplation. In these aspects

determination and comparison of polymorphism fremies in different populations
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is of crucial importance. There are lots of popolat studies on genetic
polymorphism frequencies in different populatiomsl @lso genetic epidemiological
studies provide information about the frequenciésgenetic polymorphism of
healthy subjects in various populations.

In the present study, 145 healthy subjects werd tesdetermine 12 different genetic
polymorphisms frequencies in Turkish population arebults obtained were

compared with other Turkish population studies difigrent ethnic groups’ studies.

The comparison of CYP2E1 genotype distributions in Turkish population with
different ethnic groups

Table 4.1 shows the comparison of genotype antedhequencies distributions
of CYP2E1*5B polymorphism in different population¥he result of genotype
distribution of CYP2E1*5B polymorphism of Turkishojpulation was found to be
very similar when compared to other Turkish popafatstudies. While the *5B
variant allele frequency was found to be 0.004him present study, the same allele
frequency was reported to be 0.019 (Omteal., 2001; Ulusoyet al., 2007b), 0.021
(Aydin-Sayitogluet al., 2006) within Turkish population. There are a twem of
CYP2E1*5B polymorphism studies that conducted iffedent regions of Asian
continent. Similar genotype frequencies for thidypmrphism were reported for
Chinese, Japanese, Taiwanese and Kazakh populationgever, these genotype
frequencies were found to be different from Turkmbpulation. The mutant *5B
allele frequency was ranging between 0.201-0.280Agman populations. Our
genotype distribution of CYP2E1*5B polymorphism wesy similar with European
Caucasian populations like Swedish, German, Ital@panish and French. The
prevalence of *5B*5B mutant genotype frequency weasy low in these European
populations and the *5B variant allele frequencyswatween 0.023-0.053 in these
populations. CYP2E1*5B genotype distribution of Aimpan populations was
different from Turkish population. The mutant adlétequency in control individuals
in this study (0.004) was lower than in most of &raerican populations, including
African-American, European-American, Mexican-Amang¢ Brazilian and Chilean.

This allele frequency was ranging between 0.016®if these populations.
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Table 4.1 Comparison of the genotype and allele frequendissributions of
CYP2E1*5B polymorphism in Turkish population contgroups and previously

published data in other populations control groups.

Population N FLATIA TIA'SB ToBTSB 1A "B Reference
(clcl) (clc2) (c2c2) (cl) (c2)
Turkish (This study) 145 99.3 0.7 0 0.9965 0.0035
Turkish 153 96.1 3.9 0 0.9805 0.0195 Oreeal., 2001
Turkish 140 95.7 4.3 0 0.9785 0.0215 Aydin-Sayitelal., 2006
Turkish 207 96.1 3.9 0 0.9805 0.0195 Ulusbwl., 2007b
Asian
Chinese 122 51.6 43.5 49 0.7335 0.2665 Perssah, 1999
Chinese 196 61.7 31.6 6.6 0.7750 0.2240 @aal., 2002
Chinese 181 53.6 41.4 5 0.7430 0.2570 Wetrg., 2003
Japanese 612 63.9 32 41 0.7990 0.2010 Owmah, 1997
Japanese 196 61.2 34.7 4.1 0.7855 0.2145 Oghwala 2003
Kazakh 240 53.3 375 9.2 0.7205 0.2795 Qial.,2008
Taiwanase 120 67 32 12 0.8300 0.2800 Stepkeas, 1994
Taiwanase 320 61.8 354 2.8 0.7950 0.2050 Hideshe#h, 1995
Taiwanase 231 58 35.1 6.9 0.7555 0.2445 Wairad., 1999
European
French 172 916 4.7 0 0.9395 0.0235 Bouchasdyl., 2000
German 373 943 57 0 0.9715 0.0285 Brockm@leal., 1996
German 297 94.9 4.4 0.7 0.9710 0.0290 Neulehas, 2004
ltalian 114 91 9 0 0.9550 0.0450 Ingelman-Sundiseig., 1993
Spanish 390 96.1 5.9 0 0.9905 0.0295 Bolefeal., 2007
Swedish 148 90 9.4 0.6 0.9470 0.0530 Perstah, 1993
American
African-American 126 98 2 0 0.9900 0.0100 Stephetra., 1994
African-American 114 86.8 12.3 0.9 0.9295 0.0705 wal., 1997
Braziian 221 89.1 10.4 0.5 0.9430 0.0570 Carslel., 2004
Braziian 191 90 9 1 0.9450 0.0550 Nishimestoal., 2000
Chilean 148 71 27 2 0.8450 0.1550 Quinosesl., 2001
European-American 449 92 7 1 0.9550 0.0450 Stepéiesis 1994
Mexican-American 92  70.7 28.3 1 0.8485 0.1515 ®val., 1997

Table 4.2 represents the comparison of genotype aledle frequencies
distributions of CYP2E1*6 polymorphism in Turkishdaother populations. As seen
in Table 4.2, three different studies reportedgbeotype distributions of CYP2E1*6

polymorphism in Turkish population and similar rksuwere obtained from all of

these studies. While the frequency of *6 variafglelwas found to be 0.066 in the

present study, the same allele frequency was regpda be 0.077 (Kayaalét al.,
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2010), 0.083 (Ulusogt al., 2007b) and 0.082 (Omet al., 2001) within Turkish
population.

Table 4.2 Comparison of the genotype and allele frequendissributions of
CYP2E1*6 polymorphism in Turkish population contrgfoups and previously

published data in other populations control groups.

Population N FLATIA FLIA6 7676 - FIA e Reference
(ObD) (BC (€ (@) ©

Turkish (This study) 145  86.9 131 0 0.9345 0.0655

Turkish 163 85.3 141 0.6 0.9235 0.0765 Kayaslal., 2010
Turkish 207 84 155 0.5 0.9175 0.0825 Ulusbwl., 2007b
Turkish 153 84.3 15 0.7 0.9180 0.0820 Oreeal., 2001
Asian
Chinese 122 484 46.7 4.9 0.7175 0.2825 Perdsaln, 1999
Chinese Han 103 55.3 369 7.8 0.7375 0.2625 Véaab, 2009
Japanese 76 56.6 28.9 145 0.7105 0.2895 Uereb#dy 1994
Kazakh 107 72 27.1 0.9 0.8555 0.1445 Watgl., 2009
North Indians 227 64.8 322 3 0.8090 0.1910 Métadl., 2005
Taiwanase 119 55 43 3 0.7650 0.2450 Stepkeak, 1994
Taiwanase 320 57.2 38.4 4.4 0.7640 0.2360 Hideske#ah, 1995
Uygur 149 66.4 296 4 0.8120 0.1830 Wa@l., 2009
European
British 155 83.2 16.1 0.7 0.9125 0.0875 Yaa@l., 2001
Caucasian 1360 85.4 13.8 0.8 0.9230 0.0770 Ghak, 2001
French 172 87.8 11.6 0.6 0.9360 0.0640 Bouchat@y., 2000
German 373 873 124 0.3 0.9350 0.0650 Brockmétled., 1996
German 236 83.1 16.5 0.4 0.9135 0.0865 Neubtsas, 2004
Italian 114 83 17 0 0.9150 0.0850 Ingelman-Sundletey., 1993
Swedish 152 81 184 0.6 0.9020 0.0980 Perssah, 1993
American
African-American 114 84 16 1 0.9200 0.0900 Stepletrad., 1994
Braziian 251 86.9 12.7 0.4 0.9325 0.0675 Rostial., 2006
Chiean 129 63.6 31 54 0.7910 0.2090 Quinczted., 2001
European-American 142 80 19 1 0.8950 0.1050 Stepheals 1994
Mexican 104 721 24 3.9 0.8410 0.1590 Kongtal., 2003
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Different genotype distribution of CYP2E1*6 polynpbism was observed
between Turkish population and Asian populatiortse Thutant *6 allele frequency
was higher in Asian populations than Turkish popola European populations had
same genotype distributions with Turkish populatibhe *6 mutant allele frequency
ranged between 0.064-0.098 in European populaasneported in Table 4.2. Just
as Asian populations, American populations hadediffit genotype distribution
when compared to Turkish population. They had higbemutant allele frequency
than Turkish population.

Table 4.3 shows the genotype and allele frequendesdributions of
CYP2E1*7B polymorphism in Turkish population andet populations including
British, German and Swedish. There were limited bemof studies about
CYP2E1*7B polymorphism frequencies of different pgtions in the literature. In
the present study, the genotype frequencies of EYPZB polymorphism were
found as 84.8% *1A*1A, 13.8% *1A*7B and 1.4% *7B*7iB the healthy subjects.
These were similar to the results obtained for rofherkish population studies
(Ulusoyet al., 2007b; Kayaaltet al., 2010). In addition, these results were consisten
with the European populations’ studies. The mutdgt allele frequency was found
to be 0.052, 0.072, 0.037 and 0.041 in British eanal., 2001), German (Thiesat
al., 2002), German (Neuhaws al., 2004) and Swedish (Ernstgaet al., 2004)

populations, respectively.
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Table 4.3 Comparison of the genotype and allele frequendissributions of
CYP2E1*7B polymorphism in Turkish population contgroups and previously

published data in other populations control groups.

. *1A*1A *1A*7B *7B*7B  *1A *7B
Population N Reference

G @©n adam © M
Turkish (This study) 145 84.8 13.8 1.4 0.9170 0.0830

Turkish 207 86.9 12.6 0.5 0.9320 0.0680 Ulusbgl., 2007b

Turkish 163 86.5 13.5 0 0.9325 0.0675 Kayaatlal., 2010
European

British 155 90.3 9 0.7 0.9480 0.0520 Yaeinl., 2001

German 56 85.7 14.3 0 0.9285 0.0715 Thieal., 2002

German 299 926 7.4 0 0.9630 0.0370 Neulmaas., 2004

Swedish 37 919 8.1 0 0.9595 0.0405 Ernstgam@., 2004

The comparison of FMO3 genotype distributions in Turkish population with different
ethnic groups

In this study, G472A and A923G SNPs located in ek@nd 7 of FMO3 gene,
respectively were investigated. The genotype anelealfrequencies of G472A
polymorphism in Turkish and other ethnic groups suenmarized in Table 4.4. In
the present study, the variant 472A allele freqyeimc145 healthy subjects was
found as 0.455. According to findings of Mabal. (2009), 472A allele frequency
was 0.358 in Turkish population. These results @¢do¢ considered as similar.
However, Maoet al. (2009) was not reported the genotype frequencfethis
polymorphism in Turkish population. As can be sé&m Table 4.4, our FMO3
G472A genotype distributions were different fromiaks European, American,
African and Australian populations. The frequentynaitant 472A allele was higher
than both Asian and European populations. On therdtand, same allele frequency
(0.455, this study) was found to be very similatrwAmerican populations including
African-American (0.449, Parlet al., 2002; 0.480, Haat al., 2007), Canadian
(0.426, Cashmast al., 2000) and Caucasian-American (0.423, Faudd., 2002). In
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addition, in African and Australian populations ieat 472A allele frequency was
found to be 0.400 (Cashmaat al., 2001) and 0.437 (Cashmaa al., 2000),

respectively.

Table 4.4Comparison of the genotype and allele frequendigsibutions of FMO3
G472A polymorphism in Turkish population control ogps and previously

published data in other populations control groups

Population N GG GA AA G A Reference
Turkish (This study) 145 39.4 30.3 30.3 0.5455 0.4545
Asian
Asian 66 71 27 2 0.8450 0.1550 Cashratal., 2001
Han Chinese 256 56.6 37.1 6.3 0.7515 0.2485 é&iad., 2007
Korean 93 66.7 31.2 2.1 0.8230 0.1770 ®Bhal., 2006
Korean 219 67.1 279 5 0.8105 0.1895 Peatrl., 2002
European
Caucasian 179 39 44 17 0.6100 0.3900 Caslenah, 2001
German 120 57.5 27,5 15 0.7125 0.2875 Postseh, 2010
Hispanic 85 42 45 13 0.6450 0.3550 Cashmizal., 2001
American

African-American 188 32 46.2 21.8 0.5510 0.4490 Raral., 2002

African-American 50 26 52 22 0.5200 0.4800 Haa@l., 2007

Canadian 169 32 50.8 17.2 0.5740 0.4260 Caslkatnaln, 2000

Caucasian-American 52 32.7 50 17.3 0.5770 0.4230 &ak, 2002
Other

African 90 33 52 14 0.5900 0.4000 Cashrnstal., 2001

Australian 39 30.7 51.3 18 0.5635 0.4365 Cashebah., 2000

The other FMO3 SNP analyzed in this study was A928@&l genotype and
allele frequencies distributions of this SNP in Kisih population and comparison of
different populations is presented in Table 4.5thie present study the frequency of
the mutant 923G allele in 145 Turkish controls fi@asd to be 0.055. The genotype
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distribution of A923G polymorphism in Turkish poptibn was similar with
African-American population. The frequency of 92altele was ranging between
0.150-0.183 in Asian population and 0.120-0.17(European population. On the
other hand, 923G mutant allele frequency was similth African-American (0.045,
Parket al., 2002) and African (0.040, Cashmetral., 2001) populations.

Table 4.5Comparison of the genotype and allele frequendigsibutions of FMO3
A923G polymorphism in Turkish population contrologps and previously

published data in other populations control groups.

Population N AA AG GG A G Reference
Turkish (This study) 145 89 11 0 0.9450 0.0550
Asian
Asian 66 73 26 2 0.8600 0.1500 Cashresal., 2001
Han Chinese 256 69.5 27.7 2.8 0.8335 0.1665 éiab., 2007
Korean 219 68 27.4 46 0.8170 0.1830 Peirkl.,2002
European
Caucasian 179 72 24 5 0.8400 0.1700 Cashenah, 2001
German 120 78.3 16.6 5 0.8660 0.1330 Poetseh, 2010
Hispanic 85 78 20 2 0.8800 0.1200 Cashreaal., 2001
American

African-American 188 91.5 8 0.5 0.9550 0.0450 Petrkl.,2002

African-American 50 100 O O 1.0000 0.0000 Haal. 2007

Caucasian-American 52 59.6 404 0 0.7980 0.2020 &aak, 2002
Other

African 90 92 8 0 0.9600 0.0400 Cashnsml., 2001

The comparison of NQO1*2 genotype distributions in Turkish population with

different ethnic groups

The prevalence of NQO1*2 polymorphism in Turkishpplation and different
ethnic groups is shown in Table 4.6. In the presamdy, the genotype frequencies of
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NQO1*2 polymorphism were found as 51% *1*1, 45.5%2 and 3.5% *2*2 in the
healthy subjects. These results were also simildr the results found for Turkish
population (Sirmeet al., 2004) where the genotype frequencies of *1*1, *Hrid
*2*2 were 53.8%, 42.7% and 3.5%, respectively. Hwan populations (22.4%,
Kelseyet al., 1997; 10.6%, Naoet al., 2000; 15.1%, Sunaga al., 2002; 12.7%,
Eguchi-lshimaeset al., 2005; 17.8%, Hamajimat al., 2002; 18.8%, Kelsewt al.,
1997) had higher frequency of mutant *2*2 genotyipen Turkish population. The
mutant *2 allele frequency was found as 0.263 forkish population in this study.
Some of the European populations including GreeRO@ Stavropoulowet al.,
2011), Caucasian (0.242, Kelsetyal., 1997) and Spanish (0.222, Boluferal.,
2007) populations had very similar mutant allekgfrency with Turkish population.
Besides, the mutant *2 allele frequency of Africamerican people (0.221) and
Turkish people (0.263, this study) was found tovery close to each other according
to Kelseyet al.’s (1997) study results. On the other hand, thev&gant allele
frequency was considerably high in Mexican-Amerigapulation (0.416, Kelsest
al., 1997), while the same allele frequency was foumdbé lower in Canadian
(0.169, Begleiteet al., 2006) and US white (0.180, Kiffmeyetral., 2004) people.
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Table 4.6 Comparison of the genotype and allele frequendissributions of
NQO1*2 polymorphism in Turkish population controkogps and previously

published data in other populations control groups.

*1*] *¥1*2 *2%2 *] *2
Population N Reference
(Co €Cn an (© M

Turkish (This study) 145 51 45,5 3.5 0.7375 0.2625
286 53.8 42.7 3.5 0.7515 0.2485 Simnal.,2004

Turkish
Asian
Chinese 49 28.6 50 22.4 0.5360 0.4740 KeHest., 1997
Japanese 150 34 55.3 10.6 0.6165 0.3825 Nhak, 2000
Japanese 152 34.2 50.7 15.1 0.5955 0.4045 Suaa2002
Japanese 197 44.7 42.6 12.7 0.6600 0.3400 EguchiIskinahe2005
Japanese 640 37.5 44.7 17.8 0.5985 0.46{Bnajimaet al., 2002
Korean 69 33.3 47.8 18.8 0.5720 0.4270 Kekesl., 1997
European
Greek 380 61.8 36.3 1.9 0.7995 0.2005 Stavroposii@l, 2011
Caucasian 114 56.1 39.5 4.4 0.7585 0.2415 Kedbsey, 1997
Caucasian 205 65.9 30.2 3.9 0.8100 0.1900 Hardh,2000
Caucasian 239 68.2 27.6 4.2 0.8200 0.18Parket al.,2003
Spanish 447 59.9 35.8 4.3 0.7780 0.2220 Bokffel., 2007
Swedish 530 69.4 28.9 1.7 0.8385 0.1615 Alexarera., 2004
American
Canadian 349 68.5 29.2 2.3 0.8310 0.1690 Begkiteat., 2006

African-American 136 61 33.8 5.2 0.7790 0.2210 Kelseg., 1997
Mexican-American 161 32.3 52.2 155 0.5840 0.4160 Kedsey., 1997
US white 258 67.5 29 3.5 0.8200 0.1800 Kifmewgerl., 2004

The comparison of GSTP1, GSTM1 and GSTT1 genotype distributions in Turkish

population with different ethnic groups

The GSTP1 A313G polymorphism genotype and alleguencies distributions
in different ethnic groups are shown in Table 4énotype frequencies of GSTP1
A313G polymorphism were obtained 50.3% 313AA, 34.3%3AG and 15.2%
313GG in control group of this study. These genetdpstributions were found a

180



little bit different from other Turkish populatistudies. However, the mutant 313G
allele frequency of present study was found to [®24 and very similar allele
frequencies were reported in different Turkish gapan studies (0.378, Ageet al.,
2005; 0.327, Yalimt al., 2007; 0.290, Altaylet al., 2009). The genotype distribution
of Turkish population was different from Asian aBdropean populations. However,
the mutant 313G allele frequency was almost sartie imlian’s (0.323, Ramprasath
et al., 2011). Similarly the same allele frequency wasntbas 0.344 in Austrian’s
(Harris et al., 1998), 0.365 in Caucasian’s (Ramesal., 2011) and 0.353 in
Argentinean’s (Galvast al., 2011).

Table 4.7Comparison of the genotype and allele frequertdigsibutions of GSTP1
A313G polymorphism in Turkish population contrologps and previously

published data in other populations control groups

Population N AA AG GG A G Reference

Turkish (This study) 145 50.3 34.5 15.2 0.6755 0.3245

Turkish 204 44.1 36.3 19.6 0.6225 0.3775 gdeal., 2005

Turkish 98 44.9 449 10.2 0.6735 0.3265 Yatrl., 2007

Turkish 128 48.4 45.3 6.3 0.7105 0.2895 Aliaylal., 2009
Asian

Indian 270 43.7 48.1 8.2 0.6775 0.3225 Ramprastagh, 2011

Taiwanese 736 69.9 26.7 3.4 0.8325 0.1675 #fedl., 2007
European

Austrian 199 40.2 50.8 9 0.6560 0.3440 Hastisl., 1998

Bulgarian 126 54 389 7.1 0.7345 0.2655 Viaykeval., 2007

Caucasian 15 47 33 20 0.6350 0.3650 Raetas., 2011

Caucasian (Portuguese) 95 64.2 34.7 1.1 0.8155 0.1845e\dh, 2007

Italian 133 489 36.1 6.8 0.6695 0.2485 Grawhal.,2011
Other

Argentinean 102 41.2 47 11.8 0.6470 0.3530 Gadyah., 2011

The genotype distribution of GSTM1 polymorphismviarious populations is
given in Table 4.8. This polymorphism was highludséd in Turkish population.
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The present and null GSTM1 genotype frequencieg fa@md as 38.6% and 61.4%
in this study, respectively. The present and nil#le frequencies were reported as
43.8% and 56.2% in a smaller group in the preveiudy (Turkanglu et al., 2010).

In addition, the GSTM1 null allele frequency wasirid as 50.8% (Altaylet al.,
2009), 32.7% (Yaliret al., 2007), 43.1% (Atget al., 2005), 51.9% (Adat al.,
2004) within Turkish population. In the Asian pogtibns like Chinese, Iranian,
Japanese, Korean and Taiwanese had similar nellealiequency with Turkish
population. On the other hand, GSTM1 null allelgfrency was found to be lower
in Indian population (24.6%, Josephal., 2004; 20.7%, Ramprasash al., 2011)
than Turkish population. The same allele frequenayg very similar with European
populations and null allele frequency was rangiatyeen 40.2%- 58.3%. As can be
seen from the Table 4.8 GSTML1 null genotype frequeni this study showed no big
difference with American populations including Bien (45.7%, Canallest al.,
2004), Canadian (51.3%, Garge al., 2001), US white (53.5%, Kiffmeyeat al.,
2004; Cheret al., 1997; 54% Daviest al., 2002). On the other hand, GSTM1 null
allele frequency was lower in US black populati@d.7% Cheret al., 1997; 32%
Davieset al., 2002) than Turkish population (61.4%, this study).

The distribution of GSTT1 genotypes in differenhret groups of healthy
subjects are provided in Table 4.9. In the presamdy, the genotype frequencies of
GSTT1 polymorphism were found as 75.9% GSTT1 ptesied 24.1% GSTTL1 null
in 145 healthy subjects, and similar frequencie % (Turkanglu et al., 2010),
22.4% (Yalinet al., 2007), 26% (Ate et al., 2005), 17.3% (Adaet al., 2004).
However, Altayliet al. (2009) reported much lower GSTT1 null allele frenay of
7%, which was different from other studies on Tsinkkipopulation. Except Indian
population the other Asian population studies reggbrmuch higher GSTT1 null
allele frequencies than Turkish population. GSTTl allele frequency of Turkish
population and various European populations indgdbDutch, French, German,
Italian, Portuguese and Spanish were similar. AmibiegAmerican populations US
black population had high null allele frequency .(24, Chenet al., 1997; 28%,
Davieset al., 2002) and these frequencies were very similar With study’s result
(24.1%, this study).
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Table 4.8 Comparison of the genotype frequency distributionis GSTM1
polymorphism in Turkish population control groupglgreviously published data in

other populations control groups.

Population N Present  Null Reference
Turkish (This study) 145 38.6 61.4
Turkish 105 43.8 56.2 Turkapiet al., 2010
Turkish 128 49.2 50.8 Altayét al., 2009
Turkish 98 67.3 32.7 Yalst al., 2007
Turkish 204 56.9 43.1 Ateet al.,, 2005
Turkish 133 48.1 51.9 Ada al.,2004
Asian
Chinese 284 48.6 51.4 Zhaegal., 2010
Indian 118 75.4 24.6 Josephal., 2004
Indian 270 79.3 20.7 Ramprasatal., 2011
Iranian 131 59.5 40.5 Saadat and Saadat, 2001
Iranian 236 46.6 53.4 Mohammadynegidil., 2011
Japanese 150 48.7 51.3 Naal., 2000
Japanese 100 49 51 Haradal., 2001
Japanese 152 63.2 36.8 Sundgal., 2002
Korean 165 47.9 52.1 Gargtal., 2001
Taiwanese 736 44.1 55.9 Yehal., 2007
European
Danish 537 46.4 53.6 Gargtal., 2001
Dutch 419 49.6 50.4 Garttal., 2001
French 1184 46.6 53.4 Gameal., 2001
German 734 48.4 51.6 Gameal., 2001
Italian 133 47.4 52.6 Gravira al., 2011
Italian 810 50.6 49.4 Gare al., 2001
Portuguese 501 41.7 58.3 Gaataal., 2001
Portuguese 102 59.8 40.2 Ramalhiebal., 2011
Spanish 451 48.6 51.4 Boluferal., 2007
American
Brazilian 221 54.3 45,7 Canali al., 2004
Canadian 304 48.7 51.3 Gaskal., 2001
US black 203 72.4 27.6 Chenal., 1997
US black 201 68 32 Daviet al., 2002
US white 267 46.5 53.5 Kiffmeyest al., 2004
US white 213 46.5 53.5 Chanal., 1997
US white 532 46 54  Davies al., 2002
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Table 4.9 Comparison of the genotype frequency distributiools GSTT1
polymorphism in Turkish population control groupglgreviously published data in

other populations control groups.

Population N Present  Null Reference
Turkish (This study) 145 75.9 24.1
Turkish 105 79 21  Tirkar@u et al., 2010
Turkish 128 93 7 Altaylet al., 2009
Turkish 98 77.6 22.4 Yalet al., 2007
Turkish 204 74 26  Atget al., 2005
Turkish 133 82.7 17.3 Ada al., 2004
Asian
Chinese 284 48.2 51.8 Zhaepal., 2010
Indian 118 91.5 8.5 Josephal., 2004
Indian 270 82.2 17.8 Ramprasattal., 2011
Iranian 236 72.5 27.5 Mohammadynepidil., 2011
Iranian 131 68.7 31.3 Saadat and Saadat, 2001
Japanese 150 46 54  Naeteal., 2000
Japanese 152 61.2 38.8 Suneial., 2002
Korean 165 48.5 51.5 Garetal., 2001
Singaporean 243 48.1 51.9 Gaatal., 2001
Taiwanese 736 50.9 49.1 Yehal., 2007
European
Dutch 419 77.1 22.9 Gart al., 2001
French 512 83.2 16.8 Ganteal., 2001
German 487 80.5 19.5 Gaeeal., 2001
Italian 133 77.4 22.6 Gravir al., 2011
ltalian 553 83.7 16.3 Garig al., 2001
Portuguese 102 82.4 17.6 Ramalhiehal., 2011
Spanish 455 86.6 13.4 Boluferal., 2007
American
Braziian 221 80.5 19.5 Canal al., 2004
Canadian 274 82.2 17.2 Gadeal., 2001
US black 203 75.9 24.1 Chenal., 1997
US black 201 72 28  Davieg al., 2002
US white 270 82.5 17.5 Kiffimeyest al., 2004
US white 532 84 16  Davies al., 2002
US white 213 85 15 Ches al., 1997

184



The comparison of NOS3 genotype distributions in Turkish population with different
ethnic groups

The comparison of NOS3 G894T polymorphism in Turkgopulation and
various ethnic populations is represented in Tabk®. In the present study, the
genotype frequencies of NOS3 G894T polymorphismevieund as 37.9% 894GG,
55.2% 894GT and 6.9% 894TT in 145 healthy subje@idferent genotype
distributions were observed in Turkish populatibaor example, high mutant 894TT
genotype frequency reported in the studies conduayeYemici et al. (2009) and
Bayazitet al. (2009). On the other hand, similar mutant 894Tmoggpe frequency
was obtained from study (4.9%) performed Guldileeral. (2008). In this study,
mutant 894T allele frequency of our population {&B8was found to be highly
similar with those of Caucasian (0.362, Tanus-Sastal., 2002), French (0.393,
Elbaz et al., 2000) and Greek people (0.312, Andrikopouébsal., 2008; 0.300,
Vasilakouet al., 2008; 0.338, Kitsios and Zintzaras, 2010). Mutidle frequencies
in Asian populations (0.115, Cheray al., 2008; 0.064, Tamemotet al., 2008;
0.052, Shinet al., 2010; 0.126, Moeet al., 2008) were found to be considerably
lower than that of determined in our study. Moregotee same allele frequency also

was found to be lower in American populations tharkish populations.
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Table 4.10Comparison of the genotype and allele frequerdigsibutions of NOS3
G894T polymorphism in Turkish population controbgps and previously published

data in other populations control groups

Population N GG GT TT G T Reference

Turkish (This study) 145 37.9 55.2 6.9 0.6550 0.3450

Turkish 81 27.2 58 14.8 0.5620 0.4380 Ysgnetal., 2009

Turkish 133 49.3 45.8 4.9 0.7220 0.2780 Glildikeal., 2009

Turkish 159 56.6 33.3 10.1 0.7325 0.2675 Bayetzil., 2009
Asian

Chinese 309 78.6 19.7 1.6 0.8845 0.1145 Cletraty, 2008

Japanese 283 88 11.3 0.7 0.9365 0.0635 Tameehaio 2008

Korean 115 89.6 10.4 0 0.9480 0.0520 Stial.,2010

Singaporean 207 77.3 20.3 2.4 0.8745 0.1255 M@, 2008
European

Caucasian 47 36.2 55.3 8.5 0.6385 0.3615 Tanus-Sertbs2002

French 460 35.4 50.4 14.1 0.6060 0.3930 Eldedt., 2000

Greek 727 48.4 40.9 10.7 0.6885 0.3115 Andrikopoeias., 2008

Greek 161 47 46 7 0.7000 0.300Wasilakouet al., 2008

Greek 302 447 43.1 12.2 0.6625 0.3375 Kitsios and Ziza&1010

Italian 67 28 61 11 0.5850 0.4150 Colontal., 2008

Spanish 136 27.2 52.2 20.6 0.5330 0.4670 Sole’-Padetiels 2004
American

Brazilian 230 40.4 53 6.5 0.6690 0.3300 Picebhl.,2008

Brazilian 102 52 44 4 0.7400 0.2600 Sandeinal., 2006

Chilean 112 66 32 2 0.8200 0.1800 Jararsilal., 2010

The genotype and allele frequencies distributions NOS3 T-786C
polymorphism in different ethnic groups of healthybjects are provided in Table
4.11. In this study, the frequency of -786C allielel45 healthy subjects was found
as 0.238. This result was almost similar to thes& &llele frequency found in the
studies on Turkish population (0.374, Sinetial., 2010; 0.298, Yensti et al.,
2009). The mutant -786C allele frequency of Turkmsipulation was found to be
higher than Asian population (0.101, Chesical., 2008; 0.100, Shimt al., 2010;
0.141, Moeet al., 2008). On the contrary, European populations @).4Eanus-
Santoset al., 2002; 0.394, Kitsios and Zintzaras, 2010; 0.54@p@baet al., 2008;
0.428, Venturelliet al., 2005) had high mutant allele frequency when coeygbado
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Turkish population. The allele frequency of -78@&@rid in this study was similar to
the ones found in American populations (0.375, 8andet al., 2006; 0.230,
Jaramilloet al., 2010).

Table 4.11Comparison of the genotype and allele frequerdigsibutions of NOS3
T-786C polymorphism in Turkish population controftogps and previously

published data in other populations control groups.

Population N TT TC CC T C Reference

Turkish (This study) 145 56.6 39.3 4.1 0.7625 0.2375

Turkish 71 38 49.3 12.7 0.6265 0.3735 Sidical., 2010

Turkish 79 44.3 519 3.8 0.7025 0.2975 Yght al., 2009
Asian

Chinese 309 80.9 181 1 0.8995 0.1005 Chetrad., 2008

Korean 115 80.9 18.3 0.8 0.9005 0.0995 Shil., 2010

Singaporean 207 73.4 25.1 15 0.8595 0.1405 MKta., 2008
European

Caucasian 47 21.3 63.8 14.9 0.5320 0.4680 Tanus-Serahs2002

Greek 289 35 51.2 13.8 0.6060 0.3940 Kitsios and Zintz&@K)

Italian 67 21 50 29 0.4600 0.5400 Colontial., 2008

Italian 360 32.8 48.9 18.3 0.5725 0.4275 Ventuechl., 2005
American

Brazilian 102 37 51 12 0.6250 0.3750 Sandziml., 2006

Chilean 112 59 38 4 0.7800 0.2300 Jarardlial., 2010

The genotype and allele frequencies of NOS3 intrariNTR polymorphism in
healthy subjects from various ethnic populations given in Table 4.12. The
genotype distribution of this polymorphism was vesymilar within Turkish
population studies. The small “a” allele frequenegs reported as 0.135 in this
study. This allele frequency was found to be vémyilar with Asian (0.113, Shiet
al., 2010), European (0.171, Tanus-Sardtaa ., 2002; 0.150, Vasilakoet al., 2008;
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0.115, Colombaet al., 2008) and American (0.135, Sandriet al., 2006)
populations.

Table 4.12Comparison of the genotype and allele frequerdigsibutions of NOS3
intron 4 VNTR polymorphism in Turkish populationrtmol groups and previously
published data in other populations control groups.

Population N aa ab bb a b Reference

Turkish (This study) 145 2.1 22.7 75.2 0.1345 0.8655

Turkish 71 2.8 254 71.8 0.1550 0.8450 Sisical.,2010

Turkish 81 16 29.6 54.3 0.3080 0.6910 Ysgnet al.,2009

Turkish 181 2.1 19.9 79 0.1205 0.8895 Baysizil., 2008
Asian

Korean 115 0.8 20.9 78.3 0.1125 0.8875 hial., 2010
European

Caucasian 47 4.3 255 70.2 0.1705 0.8295 Tanus-Senths2002

Greek 161 3 24 73 0.1500 0.8500 Vasialebal., 2008

Greek 303 4 33.3 62.7 0.2065 0.7935 Kitsios and Zintz2@H)

Italian 67 0 23 77 0.1150 0.8850 Colom#aal., 2008
American

Brazilian 102 4 19 77 0.1350 0.8650 Sandenal.,2006

Chiean 112 1 14 85 0.0800 0.9200 Jarardii@l., 2010

This study revealed information on the genotypérithstion of CYP2E1*5B,
CYP2E1*6, CYP2E1*7B, FMO3 G472A, FMO3 A923G, NQO1'@STP1 A313G,
GSTM1 null, GSTT1 null, NOS3 G894T, NOS3 T-786C a@S3 intron 4 VNTR
polymorphisms of 145 controls in Turkish populatioviany of them show very
similar results with previously published work onrKish population. On the other
hand, some of them show different genotype andealleequencies within the
Turkish population studies.
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In summary, according to our results some of th@otge and allele
frequencies (CYP2E1*5B, CYP2E1*6, NQO1*2, GSTM1, @3, NOS3 T-786C,
NOS3 intron 4 VNTR) were found to be very similaithin the Turkish population
studies. On the other hand, some of them (CYP2E1'GBTP1 A313G, NOS3
G894T) showed different genotype and allele fregiesn in various Turkish
populations’ studies. These differences shouldlrdsam the different population
size, mean age and the demographic origin of thdygpopulations that were used.
In general, allele frequencies of Turkish populatio this study were found to be
very similar with white populations including Camea, Danish, French, German,
Greek, Portuguese, Spanish etc.

Analysis of CYP2E1, FMO3, NQO1, GSTP1, GSTM1, GSTT1 and NOS3 genetic

polymor phisms in patients with ischemic stroke and healthy controls

This study focused on seven gen€sP2E1, FMO3, NQO1, GSTP1, GSTM1,
GSTT1 and NOS3, which are important in reactive oxygen speciesdpction or
elimination. Case-control analyses were done oni2dBemic stroke patients and
145 healthy controls, and the effect of these segenes, and a total twelve
polymorphisms, were investigated as risk factorab{@ 3.2-3.12). Moreover, the
combined haplotypes of these genotypes were exadmiith respect to stroke risk
(Figure 3.8, 3.13, 3.20, 3.27). In addition, trekrof these genes was investigated in
different subgroups such as hypertensive/normotensidiabetic/non-diabetic,
smoker/non-smoker and obese/non-obese (Table 33P3-3The effects of
conventional risk factors in different genotypegevanalyzed in detail by population
stratification study. And also, further analysesavdone to determine the effects of
vascular factors, lipid parameters and these sgeaps’ genotypes in the prediction
of ischemic stroke.

Association of CYP2E1 genotypes with stroke risk

Cytochrome P450 enzymes play an important roléénbiody’s defense system

against xenobiotic exposure because of their respitity for the oxidative
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metabolism of endogenous and exogenous compounaiszélez, 1989). Several
P450 enzymes show genetic polymorphism and thelgenpgohisms may alter the
enzyme activity. CYP2E1, ethanol-inducible enzyroatalyzes the oxidation of
xenobiotic substrates and has the ability to atgivaany xenobiotic compounds to
their toxic metabolites (Fahn and Cohen, 1992; dert998). Especially these toxic
metabolites are free radicals. Therefore, CYP2E& tangerous enzyme to form
oxidative stress condition, and its enhanced dgtigiue to polymorphisms could
increase the risk of ischemic stroke. In the ditere, there was not any study for the
association of genetic polymorphisms of CYP2E1 emyon the risk of
development ischemic stroke. However, mutant *5Belal of CYP2E1*5B
polymorphism was shown as a risk factor for athderesis (Salamat al., 2002)
which play important role in development of stroken the other hand, the
associations were found between CYP2E1 polymorphiand various cancer types
such as lung cancer, oral cancer, urothelial can@sopharyngeal carcinoma and
hepatocellular carcinoma (Ka#b al., 1992; Ladercet al., 1996; Hildeshein®t al.,
1995; El Zeinet al., 1997; Wuet al., 1998; Farkeet al., 1998; Liuet al., 2001).

The genotype and allele frequencies of three SNPEY®2EL1 gene namely
CYP2E1*5B, CYP2E1*6 and CYP2E1*7B were determine@®45 ischemic stroke
patients and 145 healthy controls in present stddyese results were given in
Chapter 3 Table 3.2-3.4. As can be seen from ttases no significant differences
were found between patients and controls with retsjeeall of these polymorphisms
of CYP2E1 gene’ genotype and allele frequencies but only PEP5B
polymorphism mutant *5B allele frequency was foaade significantly different in
patients (0.027) and controls (0.08%40.019) as expected.

The effects of combination of double and triple imed SNPs on ischemic
stroke risk were also analyzed (Figure 3.8) angresence of CYP2E1*5B and
CYP2E1*6 polymorphisms was found to increase thk of stroke almost 4.9-fold,
which was not statistically significar®£0.101).

As mentioned earlier hypertension, diabetes msllisinoking and obesity were
found to be significant risk factors of stroke iregent study. Therefore genotype
distribution of CYP2E1*5B, CYP2E1*6 and CYP2E1*7Bolpmorphisms were
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analyzed in subgroups of these risk factors andlifferences were observed in
patient and control groups (Table 3.13-3.16).

The conventional vascular risk factors were analyimeterms of proportion of
ischemic stroke patients to controls for mutant dederozygous genotype and
homozygous wild type genotype groups. The resulthie analysis were given in
Table 3.33 but in here these results were sumnthiizelable 4.13. The risk of
having stroke in hypertensive individuals was 33fdligher than normotensives
within the wild type *1A*1A genotype of CYP2E1*5Bopymorphism group. For
CYP2E1*6 wild type and CYP2E1*7B wild type the sarmsk was 3.5-fold and 2.7-
fold higher in hypertensives than normotensivespeetively. As mentioned
previous chapter hypertension increased the risitroke 3.2-fold. CYP2E1*5B and
CYZ2E1*7B polymorphisms may have a protective effegainst stroke because they
decrease the risk of stroke among hypertensives daay *1A*1A wild type
genotype. On the other hand, hypertensive indivduwith CYP2E1*7B
heterozygote *1A*7B genotype was 8.6 times morenpr@o develop stroke. It
shows that *7B mutant allele increases the efféttypertension on ischemic stroke
risk as expected. Similar trend was observed fother vascular risk factor diabetes
mellitus. CYP2E1*5B, CYP2E1*6 wild types and CYPZEB heterozygote
genotypes increase the risk of stroke among smolSamie studies reported that
CYP2EL activates many chemicals in cigarette sngpkirch as butadiene, benzene
and nitrosamines (Yamazadtial., 1992; Raunicet al., 1995). Therefore, it generates
higher amounts of reactive oxygen species. Sinndaults were obtained for obese

people.
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Table 4.13 Stratification of hypertensive/normotensive, diatiaon-diabetic,
smoker/non-smoker, obese/non-obese individuals rdop to CYP2E1*5B,
CYP2E1*6 and CYP2E1*7Rjenotypes and stroke-control status. (The table was
derived from Table 3.33)

Subgroup Polymorphism-Genotype OR P
CYP2E1*5B- *1A*1A 3.074 0.000
CYP2E1*6- *1A*1A 3.527 0.000

Hypertensive/Normotensi
ypertensive/Normo BNSIVE ~yboE1%7B- *1 AFA 2.798  0.000

CYP2E1*7B- *1A*7B 8.625 0.000

CYP2E1*5B- *1A*1A 2.457 0.000

Diabetic/Non-diabetic = CYP2E1*6- *1A*1A 2.534 0.000
CYP2E1*7B- *1A*1A 2.481 0.000

CYP2E1*5B- *1A*1A 2.413 0.001

CYP2E1*6- *1A*1A 2.589 0.001

CYP2E1*7B- *1A*1A 2.019 0.017

CYP2E1*7B- *1A*7B 4.092 0.043

CYP2E1*5B- *1A*1A 4.550 0.000

Obese/Non-obese CYP2E1*6- *1A*1A 5.525 0.000
CYP2E1*7B- *1A*1A 4.144  0.000

Smoker/Non-smoker

Association of FMO3 genotypes with stroke risk

As mentioned previously in Chapter 1 section 117.EMO enzyme is found at
high concentrations in some tissues and in theseds the production of hydrogen
peroxide and superoxide anion could be detrimemtalorder to provide overall
redox state, the level of ROS is important. If nedtate is disrupted oxidative stress
condition occurs. It is known that FMO3 G472A anf828G variants decrease the
enzyme activity. Reduce enzyme activity may caeskiction of the production of
ROS. Therefore, the mutant genotype may be progedactor against ischemic

stroke.
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FMO3 enzyme has a wide range of substrate spegifiecluding some drugs such
as morphine, cocaine, nicotine, chlorpromazineprarine, tamoxifen, cimetidine,
ranitidine, and chemicals such as phorate, aldicanbl fonofons. And also
catecholamines produced in response to stressubstrate for FMO3 enzyme and
they are metabolized by a minor pathway of FMO3e€zolamines modulate heart
rate and blood pressure. Polymorphism of BMO3 gene decreases the enzyme
activity. Therefore, the catabolism of catecholagsins decreased, which impact on
blood pressure homeostasis. High blood pressuwadwf the important risk factors
of stroke. So the variation of FMO3 enzyme couldypn important role in the
pathogenesis of stroke. FMO3 G472A and FMO3 A923B/morphisms were
studied and genotype and allele frequencies ofetipedymorphisms were given in
Table 3.5 and Table 3.6. According to our knowledtes is the first study
investigating association of FMO3 G472A and A923B/morphisms with ischemic
stroke risk. Moreover, there are restricted assiocia studies of FMO3
polymorphism with any disease state in the liteat®oetsclet al. (2010) reported
that G472A polymorphism of FMO3 may be considere@m additional genetic risk
factor of sudden infant death syndrome (SIDS) ildoén. In addition according to a
study conducted in Korea, the genotype and allelguiencies of the FMO3 G472A
and FMO3 A923G polymorphisms were not found to igmicantly different in
control and colorectal cancer patients (Baal., 2006). In this study, we did not
observe the significant differences between patiemtd controls with respect to
genotype and allele frequencies of both FMO3 G4d@8é A923G polymorphisms.
The combination of these two polymorphisms (FigBuE3) had almost 1 odds ratio
which means that there is no association betweehemsic stroke and double
combined mutant genotypes.

Within the normotensives significant difference wefound in genotype
frequencies of FMO3 G472A polymorphism betweengras and controls. Among
other subgroups no significant differences wereepled for genotype distributions
of these two polymorphisms. The effects of conwardl vascular risk factors and
genotypes on ischemic stroke development were ae@dlgnd results were given in
Table 3.34. The significant findings are revealedable 4.14.
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Table 4.14 Stratification of hypertensive/normotensive, ditatiaon-diabetic,
smoker/non-smoker, obese/non-obese individualsrdicgp to FMO3 G472A and
FMO3 A923Ggenotypes and stroke-control status. (The table deas/ed from
Table 3.34)

Subgroup Polymorphism-Genotype OR P
FMO3-472GA 6.110 0.000
Hypertensive/Normotensive FMO3-472AA 4261 0.000
FMO3-923AA 3.016 0.000
FMO3-923AG 6.000 0.007
FMO3-472GG 2.424 0.021
Diabetic/Non-diabetic FMO3-472AA 2.763 0.038
FMO3-923AA 2.696 0.000
FMO3-472GG 2.740 0.013
Smoker/Non-smoker FMO3-472AA 2.932 0.027
FMO3-923AA 2.361 0.002
FMO3-472GG 6.222 0.001
Obese/Non-obese FMO3-472AA 3.620 0.020
FMO3-923AA 4.854 0.000

As seen in Table 4.14 while FMO3 G472A heterozygéf@ GA genotype
increased the risk of stroke 6 times together wigipertension, mutant 472AA
genotype had 4-fold greater risk in hypertensivigjestts. On the other hand, with
respect to FMO3 A923G polymorphism wild type 923AAd heterozygote 923AG
genotypes significantly increased the risk of stroB times and 6 times in
hypertensive individuals, respectively. FMO3 472G@Id type and 472AA
homozygous mutant genotypes had 2.4 and 2.7-faddter risk in diabetic/non-
diabetic group. In addition, the risk of havingo&e of diabetics in FMO3 923AA
wild type group was 2.7 times elevated. Both in kemtmon-smoker group and
obese/non-obese groups like diabetic/non-diabetiamFMO3 472GG, 472AA and
923AA genotypes significantly increased the riskhafving stroke. According to
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these findings, wild type genotypes of FMO3 G472fd A923G polymorphisms
have greater risk than mutant genotypes of thelsenoophisms, as expected.

Association of NQO1 genotypes with stroke risk

NQO1 plays a key role in cellular antioxidant deferagainst oxidative stress
(Rosset al., 2000). Riley and Workman (1992) reported that NQ&duce oxidative
stress by preventing participation of quinines #mr derivatives in redox cycling.
In addition, recent studies showed that highly egped and inducible endogenous
NQOL1 in cardiovascular cells may act as a potestigleroxide scavenger (Zlet
al., 2007; Siegelet al., 2004). NQO1*2 polymorphism is located in exon &l an
strongly effects the enzyme activity. While thisFSNecreases NQOL1 protein levels
and activity in heterozygotes, it results in a ctetgloss of NQO1 protein levels and
activity in homozygous genotypes. Considering mesiresults, in this study T
allele carriers may have low enzyme activity, daseel ROS removal, increased
oxidative stress. So these individuals could beenpwone to develop atherosclerosis
and stroke. According to study on type 2 diabetiigmts conducted by Haat al.
(2009), atherosclerotic plaque prevalence was faiontde higher in the T allele
carriers than non-T allele carriers. On the cogtranimal studies showed that when
compared to rats carrying 609CC genotype; as aecuesice of decreased ability for
coagulation reduce the availability of coagulatigmoteins in 609T polymorphism
carrying rats (Ernstest al., 1972). Therefore, individuals carrying the NQODE0
polymorphism may have lower concentration of bl@oégulation factors that are
important factors as associated with the developneénarterial atherosclerosis.
Consequently, variant genotype of NQO1*2 polymasphimay reduce ischemic
stroke risk. Shywet al. (2010) reported that NQO1 609CT heterozygote ggsot
was found to be statistically significant proteetifactor against ischemic stroke
(OR=0.47).

The effect of NQO1*2 polymorphism on ischemic seaksk was analyzed in
this study (Table 3.7). Although the significantfelience was found to be genotype
frequencies of NQO1*2 polymorphism between patiems controls=0.027), no

significant difference was observed in stroke petand control groups with respect
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to allele frequencied?E0.080). Our findings were consistent with the hssof Shyu

et al.” (2010) study. The odds ratio calculated as 600&UBTT vs. 609TT genotype
and variant genotypes were found to be 0.6-foldicedschemic stroke risk. Only
one polymorphic region dlQO1 gene was investigated in present study, therefore
combination analysis was not done for this genesulogroup analyses the genotype
distribution of NQO1*2 polymorphism was found agrsficantly different between
patients and controls in non-smoker grou=Q.002). Stratification of
hypertensive/normotensive, diabetic/non-diabetitjoleer/non-smoker, obese/non-
obese individuals according to NQO1*2 genotypes sindke-control status were
given in Table 3.35. The statistically significargsults of this analysis were

summarized in Table 4.15.

Table 4.15 Stratification of hypertensive/normotensive, diatiaon-diabetic,
smoker/non-smoker, obese/non-obese individualsrdicgpto NQO1*2 genotypes

and stroke-control status (The table was deriveshfirable 3.35)

Subgroup Polymorphism-Genotype OR P

. . NQO1*2- *1*1 3.103 0.000
H rt N t

yperntensive/Normotensive NQO1#2- ¥1%2 3469  0.000
Diabetic/Non-diabetic NQO1*2- *1*1 2.982 0.001
Smoker/Non-smoker NQO1*2- *1*2 5.000 0.000
NQO1*2- *1*1 4.246  0.002
Obese/Non-obese NQO1*2- *1%2 4750  0.003

The wild type *1*1 and heterozygote *1*2 genotypdsNQO1*2 significantly
increased the stroke risk 3 and almost 3.5 timegether with hypertension,
respectively. Furthermore, *1*1 wild type was foutadbe significant risk predictor
for stroke in diabetic (OR=2.98P=0.001) and obese (OR=4.24%;0.002) people.
On the other hand, *1*2 heterozygote genotype wadsngs and 4.7 times more

prone to develop stroke in smoker and obese ssgbjexdpectively. As can be seen
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from the Table 4.15, generally *1*1 wild type wasihd to be significant risk factor
for stroke.

Association of GSTP1, GSTM1 and GSTT1 genotypes with stroke risk

Glutathione S-transferases catalyze the detoxificabf metabolites produced
by oxidative stress within the cell and they amduiced by ROS. Therefore GSTs are
considered as one of the defense systems agaesiathaging effects of oxidative
stress which is important factor for stroke develept. GSTs are a super family of
polymorphic enzymes and polymorphisms affect agtiof GST isozymes. So
studying polymorphism of GST isozymes is importtmilluminate association of
GSTs and stroke risk. GSTP1 A313G SNP is founckané and this polymorphism
cause aminoacid substitution resulting in decreasedyme activity. Different
studies reported about association of GSTP1 A318gnmrphism with various
diseases in the literature. However, this is thst fstudy investigating association
between ischemic stroke and GSTP1 A313G polymomphiM/anget al. (2007)
reported that variant genotypes of GSTP1 (313A&G3) had higher risk for
carotid atherosclerosis. On the other hand, Nongnal. (2011) observed no
association between GSTP1 genotypes and corontany atisease. Several studies
showed that GSTP1 313GG mutant genotype has grdmesst cancer risk
(Helzlsoueret al., 1998; Egaret al., 2004; Gudmundsdottet al., 2001). In addition,
313G variant allele was found to be associated Wifnkinson's and Alzhemier
diseases (Vilaet al., 2007; Zuntaet al., 2004). According to our study, there were
no significant difference between patients and radstwith respect to GSTP1
A313G genotype and allele frequencies (Table 3Ry findings showed that any
genotypes of GSTP1 A313G polymorphism were notiogmt risk factor for stroke
development.

The genes encoding the GST isoenzymes GSTM1 and GBave null alleles
resulting from gene deletion and the null genotype$SSTM1 and GSTT1 have
reduced enzyme activity (Bruhe al., 1998; Zhonget al., 2006). There were
conflicting results about GST polymorphisms in literature. While GSTT1 present

genotype had protective effect against type 2 desoeellitus in Chinese population
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(Wanget al., 2006), investigations showed that GSTT1 polyrham did not affect
the development of diabetes in Turkish populatigalif et al., 2007). In addition
GSTM1 null genotype frequency of diabetic Turkishtipnts was found to be
significantly higher than that of control group (Neet al., 2007). Kentarcet al.
(2008) reported that both GSTM1/GSTT1 null and G3TNull genotypes had
greater risk of hypertension.

In the present study, we expected to observe afis@mtly higher prevalence of
null genotypes of GSTM1 and GSTT1l among stroke eptdi However, no
significant differences were found between patig@STM1 null=53.9%, GSTT1
null=27.8%) and controls (GSTM1 null=61.4%, GST Tllsx24.1%) with respect to
null genotype frequencies (Table 3.9). The frequeat GSTM1 null genotype
previously found to be 50.6% in patients (n=172) 86.2% in controls (n=105) in a
smaller subgroup of the study population of thespn¢ investigation (Turkagtu et
al., 2010). In the same study, GSTT1 null genotypeueagy was reported as 19.8%
in patients and 21% in controls. A very large diéfece was not found between
previous and present results of the study.

The effect of the double and triple combined polypmesm of GSTP1, GSTM1
and GSTT1 genes on ischemic stroke risk were also analy#egu e 3.20) but no
statistically significant results were obtained. &ddition, genotype and allele
frequencies of GSTP1, GSTM1 and GSTT1 polymorphididsiot show differences
in subgroup analyses. The study population wagdifséth according to GSTP1
A313G, GSTM1 null and GSTT1 null genotype frequesciTable 3.36) and
significant results were summarized in Table 4riéhis chapter. Hypertension is an
important risk factor of ischemic stroke and itre@ses the stroke risk 3.2 times in
this study. In hypertensive group while GSTM1 presgenotype increased the risk
of having stroke almost 2.5 times, GSTML1 null ggpethad approximately 4-fold
greater risk for stroke. On the other hand, GSTiEkgnt and GSTT1 null genotypes
had increased risk of stroke 2.7-fold and 5.5-foldhypertensive/normotensive
group, respectively. These results showed thabaneful impact of hypertension on
ischemic stroke decreased by both GSTM1 and GSTé&dept genotypes. On the
other hand, we observed that null genotypes cart&ithe effect of hypertension on

stroke development. Among the GSTP1 A313G genotypksks type 313AA was
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found to be predictor of stroke in hypertensive jscis (OR=3.535,P=0.000).
Similarly 313GG genotype increased the risk of k&#rd@.5 times and 313AG
heterozygote genotype was 2.8 times more pronevelop stroke in hypertensive
individuals. GSTM1 present and GSTM1 null genotypese also found significant
predictor of stroke in diabetic/non-diabetic, smken-smoker and obese/non-obese
group. While the risk of having stroke of diabeticsGSTT1 present genotype group
was 2.5 times elevated, in GSTP1 313AG heterozyget®type was found to be
3.8-fold greater risk factor for stroke. GSTT1 mmtsgenotype increased the risk of
having stroke 2 times together with smoking andolgerved that this effect reached
to 3-fold if the subjects have GSTT1 null genotyjreaddition, in the same group
GSTP1 313AG heterozygote genotype was found todrease the risk of stroke 2.5
times. The effect of GSTT1 present genotype (ORE2.B=0.000) was higher than
GSTT1 null genotype (OR=3.96P=0.014) in obese people. GSTP1 313AA wild
type (OR=5.024P=0.001) and GSTP1 313AG heterozygote (OR=3.6640.020)

genotypes were also found to be significant prediot stroke in obese group.
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Table 4.16 Stratification of hypertensive/normotensive, diatiaon-diabetic,

smoker/non-smoker, obese/non-obese individualsrdicgpto GSTM1, GSTT1 and
GSTP1 A313G genotypes and stroke-control statug &ble was derived from
Table 3.36)

Subgroup Polymorphism-Genotype  OR P
GSTM1-Present 2.467 0.006
GSTM1-Null 3.868 0.000
GSTT1-Present 2.746  0.000
Hypertensive/Normotensive GSTT1-Null 5.595 0.000
GSTP1-313AA 3.535 0.000
GSTP1-313AG 2.809 0.004
GSTP1-313GG 3.500 0.039
GSTM1-Present 3.162 0.005
. . : . GSTM1-Null 2190 0.014
Diabetic/Non-diabetic GSTT1-Present 2518 0.001
GSTP1-313AG 3.808 0.001
GSTM1-Present 3.150 0.013
GSTM1-Nul 1.994 0.041
Smoker/Non-smoker  GSTT1-Present 2.095 0.022
GSTT1-Nul 2.810 0.039
GSTP1-313AG 2576 0.039
GSTM1-Present 8.068 0.001
GSTM1-Null 3.445 0.003
GSTT1-Present 4,812 0.000
Obese/Non-obese o orry nui 3.961 0.014
GSTP1-313AA 5.024 0.001
GSTP1-313AG 3.604 0.020

Association of NOS3 genotypes with stroke risk

NOS3 gene catalyzes the generation of NO which medisssular relaxation
in response to vasoactive substances and sheas.stre addition it mediates

inhibition of platelet adherence and aggregatiampsession of smooth muscle
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proliferation, and reduction of adherence of leytes to the endothelium. These
properties of NOS3 make it a biologically reasoratandidate in order to study as a
susceptibility gene in ischemic stroke. Differeotymorphisms of NOS3 have been
identified and the most studied one is NOS3 G89dIymorphism. However, the
results of association of G894T polymorphism withemic stroke are quite
contradictory. Recently, the positive associati@s been reported between NOS3
G894T polymorphism and ischemic stroke risk (Lwgtaal., 2011; Bergert al.,
2007, Elbazt al., 2000). On the other hand, in some studies no edsnTbetween
NOS3 G894T polymorphism and stroke was found (Majanet al., 2010, Guldiken

et al., 2009; Szolnoket al., 2005; MacLeodtt al., 1999; Markust al., 1998). In this
study, we also observed no significant associatimeiween NOS3 G894T
polymorphism and ischemic stroke risk (Table 3.10).

The second polymorphism studied in present studyM@S3 T-786C. Cheng
al. (2008) reported that -786CC genotype was more gpiiondevelop stroke in
Chinese population. On the other hand, some ststhesed that -786TT genotype
prevalence was higher ischemic stroke patients vebempared to controls (Howard
et al., 2005, Majumdaet al., 2010) and our findings were very similar with thes
two studies. We could not find any association leetwT-786C polymorphism and
ischemic stroke risk (Table 3.11).

The last polymorphism analyzed in this study wasSS80Ointron4 VNTR
polymorphism. Again there were controversial resalbout this polymorphism and
stroke association in the literature. Intron 4bbajgpe was shown as an important
genetic risk factor for early-onset ischemic strakeChinese population (Skt al.,
2008). On the contrary, according to some studesliele was found to be risk
factor for stroke (Howt al., 2001; Majumdagt al., 2010). In present study, 4a allele
was found to be risk factor for stroke but thisutesvas not statistically significant
(Table 3.12). In addition any significant resultserey not obtained from the
combination of these polymorphisms. In the subgrang@lyses only in normotensive
group NOS3 intron4 VNTR genotype frequencies wergnél to be significantly
different between patients and controR=0Q.038). The population stratification
analyses’ results were shown in Table 3.37 andfggnt results were summarized

in Table 4.17 in this chapter.
201



Table 4.17 Stratification of hypertensive/normotensive, ditatiaon-diabetic,
smoker/non-smoker, obese/non-obese individualsrditgpto NOS3 G894T, NOS3
T-786C and NOS3 VNTR genotypes and stroke-conttatus (The table was
derived from Table 3.37)

Subgroup Polymorphism-Genotype OR P
NOS3/894GG 2.193 0.026
NOS3/894GT 4535 0.000
Hypertensive/Normotensive NOS3/-786TT 3.358 0.000
NOS3/-786TC 3.600 0.000
NOS3VNTR/bb 4.142  0.000
NOS3/894GG 2.607 0.018
. . . . NOS3/-786TT 2.226 0.015
Diabetic/Non-diabetic NOS3/-786TC 5472 0.037
NOS3VNTR/bb 3.034 0.000
NOS3/894GG 4,234  0.002
Smoker/Non-smoker  NOS3/-786TC 2.922 0.017
NOS3VNTR/ab 3.940 0.014
NOS3/894GG 5.932 0.010
NOS3/894GT 3.358 0.003
Obese/Non-obese NOS3/-786TT 5.613 0.000
NOS3/-786TC 4.026 0.022
NOS3VNTR/bb 6.720 0.000

For the NOS3 G894T polymorphism, among the hypsitengroup, the risk of
having stroke was increased in both 894GG wild t{p&=2.193,P=0.026) and
894GT heterozygote (OR=4.53B=0.000) genotypes. The 894GG wild type were
found to be significant predictor of stroke in deétib (OR=2.607P=0.018), smoker
(OR=4.234,P=0.002) and obese (OR=5.932;0.010) people. In addition, in obese
group, 894GT heterozygote genotype was also foarimet3-fold increased the risk
of having stroke. When Table 4.17 was examined watpect to NOS3 T-786C
polymorphism, we observed that -786TT wild type af@6TC heterozygote
genotypes were found to be risky genotypes in hgpsive, diabetic and obese

people. In smoker group only -786TC heterozygoteogge was approximately 3
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times more prone to develop stroke. For NOS3 idtrghNTR polymorphism “bb”
larger genotype had increased risk of stroke inehgmsive (OR=4.142=0.000),
diabetic (OR=3.034P=0.000) and obese (OR=6.72850.000) groups. The risk of
having stroke in smoker individuals was almost K-=0.014) higher than non-

smokers within the NOS3 intron4 VNTR “ab” heteroatg genotype group.

Logistic regression analyses

Logistic regression analyses with backward selactioethod were used to
determine the effects of vascular factors, lipidapaeters and genotypes in the stroke
susceptibility. Five different models were prepardeg combination of various
parameters in order to determine the risk factbitroke. According to first model,
while hypertension, smoking, obesity and LDL-cht#esl were found to be
significant determinant of stroke, HDL-cholestemhd NQO1*2 polymorphism
heterozygote genotype were found as a significesteptive factor for stroke in our
study population. The same analysis was done areloiegly (aged>59 years) people
and again strong determinants of stroke was fognaypertension, smoking, obesity
and LDL-cholesterol. However, only NQO1 609CT hetsgote genotype had
preventive effect. In the third analysis, same nhodas applied on younger
(aged<60 years) people. In this case only hypedenand total cholesterol were
found to be significant predictors of stroke forupger people. Furthermore, HDL-
cholesterol was found to be preventive factor agjasiroke. Logistic regression
analysis was done on female subjects and hypeotgndiabetes mellitus, smoking
and LDL-cholesterol were significant and the stestgdeterminants of ischemic
stroke. On the other hand, HDL-cholesterol and N8$8T T genotype was found as
significant risk factors for ischemic stroke in fal@s. In the last model, same
analysis was repeated in a male group. Accordirtgitoanalysis, only hypertension
and obesity was found to be significant risk factor stroke, however HDL-
cholesterol and NQO1 609CT heterozygote genotypepnaventive effect against
ischemic stroke. As a conclusion in the presendysthhypertension, smoking and
LDL-cholesterol were strong determinants of stroked also HDL-cholesterol and

NQO1 609CT heterozygote genotype were found toreeentive factor of ischemic
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stroke in our study population. These findings a@mith our expectations because
these factors are well defined determinants irkstresk and protection. Surprisingly
NQO1 609CT heterozygote genotype was found as rafisent protector against
stroke in different logistic regression models. uadty Shyuet al. (2010) reported
that NQO1 609CT heterozygote genotype was founbetstatistically significant
protective factor against ischemic stroke. NQO1 rslagw protective effect due to

its role in the blood coagulation pathway.
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CHAPTER 5

CONCLUSION

Ischemic stroke is a multifactorial disease leadsegere long-term disability
and it is the third leading cause of death in depedl countries. Although many
studies have been reported to elucidate etiologindl pathological mechanisms of
disease, the genetic and molecular basis of diseasains poorly understood.
Recent studies have shown that reactive oxygeniespp¢ROS) causing oxidative
stress play a pivotal role in the pathogenesidtoérasclerosis that is the main cause
of a group of cardiovascular diseases includingasac stroke. Therefore this study
focused on the genetic polymorphisms of the enzymhes function in either
production or elimination of ROS, with the hypotiseshat the development of
ischemic stroke could be associated with thesenpamlghisms either alone or in
combination. For this aim, three polymorphisms o¥RF2E1 (CYP2E1*5B,
CYP2E1*6 and CYP2E1*7B), two polymorphisms of FM@3472A, A923G), one
polymorphism of NQO1 (NQO1*2), three polymorphisofsGST (GSTP1 A313G,
GSTM1 null, GSTT1 null) and three polymorphisma\#dS3 (G894T, T-786C and
intron4 VNTR) were studied in present study. Inidd vascular factors and lipid
parameters were evaluated with respect to riskroks.

The study population was comprised of 245 ischestigke patients and 145
healthy controls. The age and gender were notrdiffein patient and control group.
Hypertension, diabetes mellitus, obesity and snkirre found to be significant
risk factors for stroke and these results were etsdirmed with logistic regression
analyses in different models. As expected, totaledterol, triglyceride and LDL-
cholesterol levels were higher in patients when gamad to controls. On the other
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hand, HDL-cholesterol level was found to be lowermpatients than controls and
logistic regression analysis showed that high HDblesterol level had preventive
effect on stroke.

The two study groups did not differ in terms of CE1*6 and CYP2E1*7B
genotype distributions. On the other hand, CYP2Bl*polymorphism had
significantly different genotype distribution beteve stroke patients and controls
(P=0.017). The double and triple combination of CYR2golymorphisms were
analyzed and observed that co-presence of CYP2El&%#l CYP2EL1*6
polymorphisms was found to increase the risk afk&tralmost 4.9-fold, which was
not statistically significant=0.101).

In the case control analysis of both FMO3 G472A dAdO3 A923G
polymorphisms the significant difference was noseved between patients and
controls in terms of distribution of genotype ariéla frequencies. The combination
of FMO3 G472A and A923G variant genotypes had fecebn ischemic stroke risk
because the odds ratio of this analysis was founa@laost 1 (OR=0.989, 95%
CI=0.498-1.966P=1.000).

For NQO1*2 polymorphism, significant difference wé&sund between two
study groups with respect to genotype distributibime variant genotype was found
as a protector for stroke (OR=0.627, 95% CI=0.48%0, P=0.027). Logistic
regression analysis also showed that NOQ1*1*2 bejgote genotype had
protective effect on ischemic stroke especiallynale and elderly (aged>59 years)
subjects.

GSTP1 A313G, GSTML1 null and GSTT1 null polymorphssaf genotype and
allele frequencies were not different in patiend atontrol groups. While the
combination of GSTM1 null-GSTT1 null (OR=0.865, 95%I=0.480-1.558,
P=0.629), GSTM1 null and GSTP1 313AG+GSTP1 313GG {@B25, 95%
Cl=0.346-1.132,P=0.120) and GSTM1 null-GSTT1 null-GSTP1 313AG+GSTP1
313GG (OR=0.721, 95% CI=0.321-1.62:0.429) had protective effect on stroke,
co-presence of GSTT1 null and GSTP1 313AG+GSTPG&Lgenotypes increased
the risk of having stroke (OR=1.193, 95% CI=0.6189Z, P=0.598). However,
these results were not found to be statisticafipificant.
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Genotype and allele distributions of NOS3 G894T,380r-786C and NOS3
intron4 VNTR polymorphisms were found to be notns#igantly different between
patient and control groups. In addition no sigmrifitassociation was found between
combined genotypes of NOS3 and ischemic stroke risk

The conventional vascular risk factors were analyireterms of proportion of
ischemic stroke patients to controls for mutant drederozygous genotype and
homozygous wild type genotype groups. Wild type€w¥P2E1*5B, CYP2E1*6 and
CYP2E1*7B polymorphisms were found to be significarisk factors in
hypertensive (OR=3.074P=0.000; OR=3.527,P=0.000; OR=2.798,P=0.000,
respectively), diabetic (OR=2.4579=0.000; OR=2.534,P=0.000; OR=2.481,
P=0.000, respectively), smoker (OR=2.41%=0.001; OR=2.589, P=0.001;
OR=2.019, P=0.017, respectively) and obese (OR=4.5880.000; OR=5.525,
P=0.000; OR=4.144,P=0.000, respectively) subjects. In addition hetggate
genotype of CYP2E1*7B was found increase the risktmke in hypertensive and
smoker individuals 8.6 times and 4 times, respebtiv

For FMO3 G472A polymorphism, heterozygote 472GA amoimozygous
mutant 472AA genotypes had increased the risk wihigestroke 6-fold and 4-fold in
hypertensive subjects, respectively. FMO3 472GG4#8AA genotypes had greater
risk of stroke in diabetic, smoker and obese subjegnalysis of FMO3 A923G
polymorphism showed that 923AA wild type genotypasveignificant risk factor in
hypertensive (OR=3.016,P,=0.000), diabetic (OR=2.696P=0.000), smoker
(OR=2.361P=0.002) and obese (OR=4.8%%50.000) people. In addition the risk of
hypertensive individuals having stroke was higlerd23AG heterozygote genotype
(OR=6.000P,=0.007) compared to other genotypes.

In hypertensives, NQO1*2 wild type and heterozyggeéaotypes increased the
risk of stroke 3.1 times and 3.4 times, respedtivEhe proportion of diabetic stroke
patients to diabetic controls compared to the priigpo of non-diabetic patients to
non-diabetic controls was high in NQO1*2 wild typmgenotype (OR=2.982,
P=0.001). On the other hand the risk of having strekas found to be higher in
obese subjects for same genotype (OR=4.2B60.002). While NQO1*2
heterozygote genotype increased the risk of stiolegnokers and obese individuals

5 times and 4.7 times, respectively.
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Interestingly, all of the genotypes of GSTP1 A31&RTM1 null and GSTT1
null polymorphisms were found as significant risktbrs for stroke in hypertensive
subjects. However, the effects of GSTM1 present@8d T1 present genotypes on
stroke risk were lower than the effects of GSTM1l mnd GSTT1 null genotypes.
GSTML1 null and GSTM1 present genotypes were assacigith 3.2 times and 2.2
times increased risk of stroke in diabetics, respely. This risk was found as 2.5
times for GSTT1 present and 3.8 times GSTP1 313A(erbzygote genotypes in
diabetics. The risk of smoker individuals havinghiemic stroke was highest in the
GSTM1 present genotype group (OR=3.1B80.013). The risk decreased to 1.9-
fold in GSTM1 null, 2-fold in GSTT1 present, 2.8dan GSTT1 null and 2.5 fold in
GSTP1 313AG heterozygote individuals. Similarly, TB& present genotype was
the highest risky genotype in obese people (OR$3.860.001). GSTM1 null
(OR=3.445, P=0.003), GSTT1 present (OR=4.81FR=0.000), GSTT1 null
(OR=3.961,P=0.014), GSTP1 313AA (OR=5.02#=0.001) and GSTP1 313AG
(OR=3.604,P=0.020) genotypes also represented a significaht fior stroke in
obese individuals.

For NOS3 G894T polymorphism, 894GG wild type and®@9 heterozygote
genotypes were observed as significant determir@ngsroke in both hypertensive
(OR=2.193,P=0.026; OR=4.535P=0.000, respectively) and obese (OR=5.932,
P=0.010; OR=3.358P=0.003, respectively) people. The 894GG wild typasw
associated with 2.6 times and 4.2 times increastdaf stroke in diabetics and
smokers, respectively. Except smokers, NOS3 -786Mildl type and -786TC
heterozygote genotypes were found as significarteraignants of stroke in
hypertensive (OR=3.358P=0.000; OR=3.600,P=0.000, respectively), diabetic
(OR=2.226,P=0.015; OR=2.472P=0.037, respectively) and obese (OR=5.613,
P=0.000; OR=4.026P=0.022, respectively) subjects. For NOS3 intron4 TR\
polymorphism “bb” genotype was associated with eased stroke risk in
hypertensive (OR=4.142P=0.000), diabetic (OR=3.034P=0.000) and obese
(OR=6.720,P=0.000) people. On the other hand, in smokers ‘labterozygote
genotype (OR=3.94(,=0.014) was found as significant determinant afksr

As a conclusion, we could not find any direct assom between genotypes or

alleles of studied genetic polymorphisms and isabestmoke risk. However, various
208



genotypes were defined as significant risk facforsischemic stroke in different
subgroups such as hypertensive/normotensive, dia@t-diabetic, smoker/non-

smoker and obese/non-obese.

209



REFERENCES

Abdel-Rahman Sz, El-zein RA, Anwar WA, Au WW. A niplex PCR procedure
for polymorphic analysis of GSTM1 and GSTT1 genmepopulation studies.
Cancer Lett 1996; 107: 229-233.

Ada AO, Siuzen SH, Iscan M. Polymorphisms of cytooie P450 1A1, glutathione
S-transferase M1 and T1 in a Turkish populationxida Lett 2004; 151
311-315.

Ada AO, Sizen SH, Iscan M. Polymorphisms of micneabepoxide hydrolase and
glutathione S-transferase P1 in a male Turksih [adjom. International
Journal of Toxicology 2007; 26: 41-46.

Adali O, Aring E. Electrophoretic, spectral, cati@lyand immunochemical properties
of highly purified cytochrome P-450 from sheep ludgt J Biochem 1990;
22:1433-1444.

Adali O, AbuBaker T, Arin¢ E. Immunological and sstbuctural characterization of
sheep lung microsomal cytochrome P450LgNt#. J Biochem Cell Biol
1996; 28: 363-372.

Adali O, Carver G, Philpot RM. Modulation of hum&MO3 activity by tricyclic
antidepressants and other agents: importance imfueeg28. Arch Biochem
Biophys 1998; 358: 92-97.

Adali O. Effect of modification of sheep lung cytwome P450LgM2(2B) by

ethylacetimidate in hydroxylation activity. Biocheral Archives 1998; 14:
241-246.

210



Adali O, Carver G, Philpot RM. The effect of argiei428 mutation on modulation
of activity of human liver flavin monooxygenase BV(O3) by imipramine
and chlorpromazine. Exp Toxic Pathol 1999; 51: 276-

Aktas DF, Can Demirdgen B, Adali O. Metabolism of methimazole by boviiver
microsomal flavine monooxygenase: modulation by pramine and
chlorpromazine, comparison with sheep enzyme. $brkdournal of
Biochemistry 2009; 34 (1): 44-50.

Al Omari A, Murry DJ. Pharmacogenetics of the Cyiiaene P450 Enzyme System:
Review of Current Knowledge and Clinical Significen Journal of
Pharmacy Practice 2007; 20(3): 206-218.

Alexandrie AK, Nyberg F, Warholm M, Rannug A. Indlace of CYP1Al, GSTM1,
GSTT1, and NQO1 Genotypes and Cumulative SmokingeDon Lung
Cancer Risk in a Swedish Population. Cancer EpideBiomarkersPrev
2004; 13: 908-914.

Alexandrova M, Bochev P, Markova V, Bechev B, Papd¥. Dynamics of free
radical processes in acute ischemic stroke: inflaeon neurological status
and outcome. J Clin Neurosci 2004; 11: 501-506.

Ali-Osman F, Akande O, Antoun G, Mao JX, Buolamwihi Molecular cloning,
characterization and expression kacoli of full-lenght cDNAs of three
human glutathione S-transferase Pi gene varianBolJChem 1997; 272:
10004-10012.

Altayll E, Gunes S, Yilmaz AF, Goktas S, Bek Y. C¥2, CYP2D6, GSTM1,

GSTP1, and GSTT1 gene polymorphisms in patients kl@dder cancer in a
Turkish population. Int Urol Nephrol 2009; 41(252266.

211



Alter M, Zhang ZX, Sobel E, Fisher M, Davanipour Eiday G. Standardized
incidence ratios of stroke: a worldwide review. Kmpidemiology 1986; 5:
148-158.

Andrikopoulos GK, Grammatopoulos DK, Tzeis SE, £enSl, Richter DJ, Zairis
MN, Gialafos EJ, Sakellariou DC, Foussas SG, Manals, Stefanadis ClI,
Toutouzas PK, Hillhouse EW. Association of the 884Golymorphism in
the endothelial nitric oxide synthase gene withkk red acute myocardial
infarction for The GEMIG study investigatoB\C Medical Genetics 2008,
9:43.

Antoniades C, Tousoulis D, Tentolouris C, ToutouPasStefanadis C. Oxidative
stress, antioxidant vitamins, and atheroscleroBrem basic research to
clinical practice. Herz 2003; 28: 628-638.

Anzenbacher P, Anzerbacherova E. Cytochromes P4%® metabolism of
xenobiotics. Cell Mol Life Sci 2001; 58: 737-747.

Aring E, Adall O,Iscan M, Giray T. Stimulatory effects of benzene alnbit liver
and kidney microsomal cytochrome P-450 dependeng dnetabolizing
enzymes. Arch of Toxicol 1991; 65: 186-190.

Arin¢ E, Hanukglu I, Sen A, Adal O. Tissue- and species dependent esipresf
sheep lung microsomal cytochrome P4502B(LgM2). B&sos Molec Biol Int
1995; 37: 1121-1126.

Aring E, Adall O, Gengler-Ozkan AM. Induction of mikrosodimethylamine

metabolism in liver and lung by wivo pyridine treatment of rabbits. Arch of
Toxicol 2000a;74(6): 329-334.

212



Aring E, Adall O, Gengler-Ozkan AM. Stimulation afiline, p-nitrophenol and N-
nitrosodimethylamine metabolism in kidney by pynigli pre-treatment of
rabbits. Arch of Toxicol 2000b; 74(9): 527-532.

Aring E, ArslanS, Adal O. Differential effects of diabetes on CYE#2and CYP2B4
proteins and associated drug metabolizing enzymieitaes in rabbit liver.
Archives of Toxicology 2005; 79(8): 427-433.

Aring E, Arslan$, Bozcaarmutlu A, Adali O. Effects of diabetes aibbit kidney
and lung CYP2E1 and CYP2B4 expression and drug buoksan and
potentiation of carcinogenic activity of N-nitrosogkthylamine in kidney
and lung. Food and Chemical Toxicology 2007; 45{0)/-118.

Armstrong RN. Structure, catalytic mechanism, avdlion of the glutathione S-
transferases. Chem Res Toxicol 1997; 10(1): 2-18.

Asher G, Dym O, Tsvetkov P, Adler J, Shaul Y. Thgstal Structure of NAD(P)H
Quinone Oxidoreductase 1 in Complex with Its Potahtbitor Dicoumarol.
Biochemistry 2006; 45(20): 6372-6378.

Ates NA, Tamer L, Atg C, Ercan B, Elipek T, Ocal K, Camdeviren H. Glatahe
S-transferase M1, T1, P1 genotypes and risk foeldgwment of colorectal
cancer. Biochem Genet 2005; 43: 149-63.

Aviram M. Modified forms of low density lipoproteirand atherosclerosis.
Atherosclerosis 1993; 98: 1-9.

Aydin-Sayitoglu M, Hatirnaz O, Erensoy N, Ozbek Rble of CYP2D6, CYP1A1l,

CYP2E1l, GSTT1, and GSTM1l Genes in the Suscepyibilt Acute
Leukemias. American Journal of Hematology 2006;1%&P-170.

213



Bae SY, Choi SK, Kim KR, Park CS, Lee SK, Roh HKjr6DW, Pie JE, Woo ZH,
Kang JH. Effects of genetic polymorphismsMDR1, FMO3 and CYP1A2
on susceptibility to colorectal cancer koreans.Cancer Sci 2006; 97(8):
774-779.

Bayazit YA, Yilmaz M, Erdal E, Ulukavak Ciftci T,&ylan A, Kokturk O, Celenk F,
Kemaloglu YK. Role of nitric oxide synthase gendron 4 and exon 7
polymorphisms in obstructive sleep apnea syndronteur Arch
Otorhinolaryngol 2009; 266(3): 449-454.

Beal MF. Oxidatively modified proteins in aging adidease. Free Radic Biol Med
2002; 32(9): 797-803.

Begleiter A, Hewitt D, Maksymiuk AW, Ross DA, BifdP. A NAD(P)H:Quinone
Oxidoreductase 1 Polymorphism Is a Risk FactorHoman Colon Cancer.
Cancer Epidemiol Biomarkers Prev 2006; 15(12): 22226.

Bell DSH. Stroke in the diabetic patients. Diabefase 1994; 17: 213-2109.

Berger K, Stogbauer F, Stoll M, Wellmann J, HugeCheng S, Kessler C, John U,
Assmann G, Ringelstein EB, Funke H. The glu298asgnmorphism in the
nitric oxide synthase 3 gene is associated withrigleof ischemic stroke in

two large independent case—control studies. HumetG2007; 121: 169-178.

Berlett BS, Stadtman ER. Protein oxidation in agiigease, and oxidative stress. J
Biol Chem 1997; 272: 20313-20316.

Bian JT, Zhao HL, Zhang ZX, Bi XH, Zhang JW. Assaimn of NAD(P)H: quinone

oxidoreductase 1 polymorphism and Alzheimer's disea Chinese. J Mol
Neurosci 2008; 34: 235-240.

214



Bolufer P, Collado M, Barragan E, Cervera J, CalasslJ, Colomer D, Roman-
Gomez J, Sanz MA. The potential effect of gendercambination with
common genetic polymorphisms of drug-metabolizingyenes on the risk of

developing acute leukemia. Haematologica 2007308:314.

Bonomini F, Tengattini S, Fabiano A, Bianchi R, Raa R. Atherosclerosis and
oxidative stress. Histol Histopathol 2008; 23: 33D.

Bouchardy C, Hirvonen A, Coutelle C, Ward PJ, DaerBenhamou S. Role of
alcohol dehydrogenase 3 and cytochrome P-4502Elotygms in
susceptibility to cancers of the upper aerodigestract. Int J Cancer 2000;
87: 734-740.

Boysen G, Nyboe J, Appleyard M, Sorende§ Boas J, Somnier F, Jensen G,
Schnohr P. Stroke incidence and risk factors fookst in Copenhagen,
Denmark. Stroke 1988; 19: 1345-1353.

Brockmoller J, Cascorbi |, Kerb R, Roots I. Comhinénalysis of Inherited
Polymorphisms in Arylamine N-Acetyltransferase 2,lut@thione S-
Transferases Ml and T1, Microsomal Epoxide Hydm|aand Cytochrome
P450 Enzymes as Modulators of Bladder Cancer Rtdncer Research
1996; 56: 3915-3925.

Bruhn C, Brockmoller J, Kerb R, Roots |, BorcherHHConcordance between
enzyme activity and genotype of glutathione Strawasfe theta (GSTT1).
Biochem Pharmacol 1998; 56: 1189-1193.

BrzezinskaAK, LohrN, ChilianWM. Electrophysiologiceffects of superoxide (O-

2) on the plasma Membrane in vascular endothedid.cAm J Physiol Heart
Circ Physiol 2005; 289(6): 2379-2386.

215



Can Demird@gen B, Adali O. Characterization and modulation lbygd of sheep
liver microsomal flavin-monooxygenase activity. C&iochem Function
2005; 23(4): 245-251.

Can Demird@en B, Turkanglu A, Bek S, SanisgluY, Demirkaya$S, Vural O,
Aring E, Adali O. Paraoxonase/arylesterase ratio, PON1 192Q/R
polymorphism and PON1 status are associated withieased risk of
ischemic stroke. Clinical Biochemistry 2008; 41(1-2-9.

Can Demirdgen B, Demirkaya S, Turkagu A, Bek S, Arinc E, Adali O. Analysis
of paraoxonase 1 (PON1) genetic polymorphisms atidittes as risk factors
for ischemic stroke in Turkish population. Cell Biemistry and Function

2009; 27: 558-567.

Canalle R, Burim RV, Tone LG, Takahashi CS. Gend&mymorphisms and
Susceptibility to Childhood Acute Lymphoblastic kewmia. Environmental
and Molecular Mutagenesis 2004; 43: 100-109.

Cannon CP, Braunwald E, McCabe CH, Rader DJ, Roulka Belder R, et al.
Intensive versus moderate lipid lowering with statiafter acute coronary
syndromes. N Engl J Me2D04; 350: 1495-1504.

Caro AA, Cederbaum Al. Oxidative stress, toxicologyd pharmacology of cyp2el.
Annu Rev Pharmacol Toxicol 2004; 44: 27-42.

Cashman JR, Akerman BR, Forrest SM, Treacy EP. |IBopu specific
polymorphisms of the humaRMO3 gene: significance for detoxification.
Drug Metabolism and Disposition 2000; 28(2): 16317

Cashman JR, Zhang J, Leushner J, Braun A. Populdistribution of human flavin-
containing monooxygenase form 3: gene polymorphidbnag Metabolism

and Disposition 2001; 29(12): 1629-1637.
216



Cashman JR, Zhang J. Human flavin-containing moygemases. Annu Rev
Pharmacol Toxicol 2006; 46: 65-100.

Cashman JR. Structural and catalytical propertigeeomammalian flavincontaining

monooxygenase. Chem Res Toxicol 1995; 8: 165-181.

Chen CL, Liu Q, Pui CH, Rivera GK, Sandlund JT, &b R, Evans WE, Relling
MV. Higher frequency of glutathione S-transferaséetions in black children
with acute lymphoblastic leukemia. Blood 1997; 8801-1707.

Cheng J, Liu J, Li X, Yu L, Peng J, Zhang R, Geng Nie S. Effect of
polymorphisms of endothelial nitric oxide synthas®e ischemic stroke: A
case-control study in a Chinese population. Clititamica Acta 2008; 392:
46-51.

Chiou TJ, Tzeng WF. The roles of glutathione andioaidant enzymes in

menadione-induced oxidative stress. Toxicology 206@: 75-84.

Cholesterol Treatment Trialists’ (CTT) Collaboratjode Lemos J, Braunwald E,
Blazing M, Murphy S, Downs JR, Gotto A, Clearfiédy Holdaas H, Gordon
D, Davis B, Koren M, Dahlof B, Poulter N, Severdhopp RH, Fellstrém B,
Holdaas H, Jardine A, Schmieder R, Zannad F, Geidbd, Kaplinsky E,
Colhoun HM, Betteridge DJ, Durrington PN, Hitman GAuller J, Neil A,
Wanner C, et al. Efficacy and safety of more initemdowering of LDL
cholesterol: a meta-analysis of data from 170,0@0tigpants in 26
randomised trials. Lancet 2010; 376: 1670-81.

Chowdhury AH, Yokoyama T, Kokubo Y, Zaman MM, Haqée Tanaka H.
Apolipoprotein E Genetic Polymorphism and Strokebtgpes in a
Bangladeshi Hospital-Based Study. Journal of Epidtogy 2001; 11: 131-
138.

217



Colomba D, Duro G, Corrao S, Argano C, Di ChiardNlizzo D, Pizzo F, Parrinello
G, Scaglione R, Licata G. Endothelial nitric oxidgynthase gene
polymorphisms and cardiovascular damage in hypgsensubjects: an

Italian case-control study. Immunity & Agei2@08; 5:4.

Colucci MA, Moody CJ, Gavin D. Couch Natural andhthetic quinones and their
reduction by the quinone reductase enzyme NQOn fsgnthetic organic
chemistry to compounds with anticancer potentialj 8iomol Chem 2008;
6: 637-656.

Cooke GE, Doshi A, Binkley PF. Endothelial nitrigide synthase gene: prospects
for treatment of heart disease. Pharmacogeno?®@g; 8(12): 1723-1734.

Cooke JP, Dzau VJ. Nitric oxide synthase: rolehia genesis of vascular disease.
Annu Rev Med 1997, 48: 489-5009.

Cordell HJ, Clayton DG. Genetic association studiesicet 2005366: 1121-1131.

Crack PJ, Taylor JM. Reactive oxygen species amdmibdulation of stroke. Free
Radical Bio Med 2005; 38: 1433-1444.

Davies SM, Bhatia S, Ross JA, Kiffmeyer WR, Gayif, Radloff GA, Robison
LL, Perentesis JP. Glutathione S-transferase gpaefygenetic susceptibility,
and outcome of therapy in childhood acute lymphstidaleukemia. Blood
2002; 100: 67-71.

Dawn TM, Barrett JH. Genetic linkage studies. Lar@95; 366: 1036-1044.

Dolphin CT, Riley JH, Smith RL, Shephard EA, PipdiIR. Structural organization
of the human flavin-containing monooxygenase 3 J&hM0O3), the favored
candidate for fish-odor syndrome, determined diyetbm genomic DNA

Genomicsl997; 46: 260-267.
218



Egan KM, Cai Q, Shu XO, Jin F, Zhu TL, Dai Q, Gad,YZheng W. Genetic
polymorphisms in GSTM1, GSTP1, and GSTT1 and tis& for breast
cancer: results from the Shanghai Breast CancetySand meta-analysis.
Cancer Epidemiol Biomark Prev 2004; 13: 197-204.

Eguchi-Ishimae M, Eguchi M, Ishii E, Knight D, S&dae Y, Isoyama K, Yabe H,
Mizutani S, Greaves M.The association of a distinctive allele of
NAD(P)H:quinone oxidoreductase with pediatric aculgmphoblastic
leukemias with MLL fusion genes in Japan. Haemajfickp 2005; 90: 1511-
1515.

Elbaz A, Poirier O, Moulin T, Chédru F, Cambien Ainarenco P. Association
Between the Glu298Asp Polymorphism in the Endoghé&ionstitutive Nitric
Oxide Synthase Gene and Brain InfarctiStroke2000; 31: 1634-1639.

El-Zein R, Zwischenbergher JB, Wood TG, Abdel Rahr8&Z, Brekelbaum C, Au
WW. Combined genetic polymorphism and risk for depment of lung
cancer. Mutat Res 1997; 381: 189-200.

Ernster L, Lind C, Rase B. A study of the DT-dias® activity of warfar in
resistant rats. Eur J Biochem 1972; 25: 198-206.

Ernstgard L, Warholm M, Johanson G. Robustnesshlmirzoxazone as an in vivo
measure of cytochrome P450 2E1 activity. Br J Gllmarmacol 2004; 58:
190-200.

Eswaramoorthy S, Bonanno JB, Burley SK, SwaminathaWechanism of action of
a flavincontaining monooxygenase. Proc Natl Acad 38A 2006; 103:
9832-9837.

Fahn S, Cohen G. The oxidative stress hypothesiaminson’s disease: evidence

supporting it. Ann Neurol 1992; 32: 804-812.
219



Fairbrother A, Grove J, de Waziers |, Steimel DByBCD, Crespi CL, Daly AK.
Detection and characterization of novel polymorptasn the CYP2E1 gene.
Pharmacogenetics 1998; 8: 543-552.

Farker K, Lehmann MH, Oelschlagel B, Haerting J,VA@nn A, Janitzky V,
Schubert J. Impact of CYP2E1 genotype in renal @etl urothelial cancer
patients. Exp Toxicol Pathol 1998; 50: 425-431.

Feinleib M, Ingster L, Rosenberg H, Maurer J, SitghKochanek K. Time trends,
cohort effects, and geographic patterns in strokeatty-Unites States. Ann
Epidemiol 1993; 3: 458-465.

Feuring M, Christ M, Roell A, Schueller P, Losel Rempfle CE, Schultz A,
Wehling M. Alterations in platelet function durirtbe ovarian cycle. Blood
Coagul Fibrin 2002; 13(5): 443-447.

Fiebach NH, Hebert PR, Stampfer MJ, Colditz GA, [&#ilWC, Rosner B, Spelzer
FE, Hennekens CH. A prospective study of high blqméssure and

cardiovascular disease in women. AiBpidemiol 1989; 130: 646-54.

Flossmann E, Schulz UG, Rothwell PM. Systematigerg\of methods and results of
studies of the genetic epidemiology of ischemiolstr Stroke 2004; 35: 212-
227.

Gaedigk A, Tyndale RF, Jurima-Romet M, Sellers EGtant DM, Leeder JS.
NAD(P)H:quinone oxidoreductase: polymorphisms ahleleafrequencies in
Caucasian, Chinese and Canadian Native Indian aod populations.
Pharmacogenetics 1998; 8: 305-313.

Galvan CA, Elbarcha OC, Fernandez EJ, Beltramo [@dria NW. Genetic
profiling of GSTP1, DPYD, FCGR2A, FCGR3A and CCN@@#&nes in an

220



Argentinian  population. Clinical Biochemistry 2011do0i:10.1016/j.
clinbiochem. 2011 .06.080.

Gandolfo C, Caponnetto C, Del Sette M, SantolocilDeb C. Risk factors in
lacunar syndromes: a casecontrol study. Acta Neagahd 1988; 77: 22-26.

Gao C, Takezaki T, Wu J, Li Z, Wang J, Ding J, iuHu X, Xu T, Tajima K,
Sugimura H. Interaction between Cytochrome P-45D R&lymorphisms and
Environmental Factors with Risk of Esophageal amon@ch Cancers in
Chinese. Cancer Epidemiol Biomarkers P2802; 11: 29-34.

Garte S, Gaspari L, Alexandrie AK, Ambrosone C, raptH, Autrup JL, Baranova
H, et al. Metabolic gene polymorphism frequenciesontrol populations.
Cancer Epidemiol Biomarkers Prev 2001; 1239-1248.

Gasdaska PY, Fisher H, Powis G. An alternativellceg form of NQO1 (DT-
diaphorase) messenger RNA lacking the putative angnsubstrate binding
site is present in human normal and tumor tiss@escer Res 1995; 55:
2542-2547.

Goldstein LB, Adams R, Becker K, Furberg CD, GatelPB, Hademenos G, Hill
M, Howard G, Howard VJ, Jacobs B, Levine SR, Mo&¢aSacco RL,
Sherman DG, Wolf PA, del Zoppo GJ. Primary prevantof ischemic
stroke: A statement for healthcare professionahftbe Stroke Council of the
American Heart Association. Stroke; 2001; 32: 280-2

Gonzalez FJ. Role of cytochromes P450 in chemaatity and oxidative stress:
studies with CYP2E1. Mutation Research 2005; 569-110.

Gonzalez FJ. The molecular biology of cytochrom&@4 Pharmacol Rev 1989; 40:
243-288.

221



Granath B, Taylor RR, van Bockxmeer FM, Mamotte QRck of evidence for
association between endothelial nitric oxide sys¢hgene polymorphisms
and coronary artery disease in the Australian Caaoa population.
Cardiovasc Risk 2001; 8: 235-241.

Gravina P, Spoletini I, Masini S, Valentini A, Vanb, Paladini E, Bossu P,
Caltagirone C, Federici G, Spalletta G, Bernar@n{senetic polymorphisms
of glutathione S-transferases GSTM1, GSTT1, GSTiRL @STAL as risk
factors for schizophrenia. Psychiatry Research 2087: 454-456.

Gudmundsdottir K, Tryggvadottir L, Eyfjord JE. GSIMGSTT1, and GSTP1
genotypes in relation to breast cancer risk anguieacy of mutations in the
p53 gene. Cancer Epidemiol Biomark Prev 2001; 16911173.

Guengerich FP, Shimada T. Oxidation of toxic amgic@agenic chemicals by human
cytochrome P-450 enzymes. Chem Res Toxicol 19939%-407.

Guldiken B, Sipahi T, Guldiken S, Ustundag S, Budak Turgut N, Ozkan H.
Glu298Asp polymorphism of the endothelial nitricidex synthase gene in
Turkish patients with ischemic stroke. Mol Biol R2@09; 36(6): 1539-43.

Haheim U, Holme I, Hjermann I, Leren P. Risk fast@f stroke incidence and
mortality: a 12-year follow-up of the Oslo Studyrdke 1993; 24: 148-149.

Halpert JR, Domanski TL, Adah O, Biagini CP, CostheDierks EA, Johnson EF,
Jones JP, de Montellano PO, Philpot RM, SibbeseWtt WK, Zheng Z.
Structure-Function  of cytochromes P450 and flawntaining
monooxygenases: Implications for drug metabolismugtMetab Disposition
1998; 26: 1223-1231.

Hamajima N, Matsuo K, Iwata H, Shinoda M, YamamMraKato T, Hatooka S,

Mitsudomi T, Suyama M, Kagami Y, Ogura M, Ando Bugimura Y,
222



Tajima K. NAD(P)H: quinone oxidoreductase 1 (NQOX609T
polymorphism and the risk of eight cancers for daga. Int J Clin Oncol
2002; 7: 103-108.

Han SJ, Kang ES, Kim HJ, Kim SH, Chun SW, Ahn CWa@S, Namf M, Lee
HC. The C609T variant of NQO1 is associated wittotid artery plagues in
patients with type 2 diabetes. Mol Genet Metab 2009
doi:10.1016/j.ymgme.2009.01.012.

Hao DC, Sun J, Furnes B, Schlenk D, Li MX, Yang $8hang L. Allele and genotype
frequencies of polymorphic FMO3 gene in two geralyc distinct
populations. Cell Biochem Funct 2007; 25: 443-453.

Harada S, Fujii C, Hayashi A, Ohkoshi N. An Asstiola between Idiopathic
Parkinson’s Disease and Polymorphisms of Phasetixification Enzymes:
Glutathione STransferase M1 and Quinone Oxidoreductase 1 and 2.

Biochemical and Biophysical Research Communicatfitsl; 288: 887-892.

Harmsen P, Lappas G, Rosengren A, Wilhelmsen Lgiberm Risk Factors for
Stroke: Twenty-Eight Years of Follow-Up of 7457 Mid-Aged Men in
Goteborg, Sweden. StroR€06; 37: 1663-1667.

Harris MJ, Coggan M, Langton L, Wilson SR, Board.FR&lymorphism of the Pi
class glutathione S-transferase in normal populatiand cancer patients.
Pharmacogenetics 1998; 8: 27-31.

Harrison D, Griendling KK, Landmasser U, Hornig Brexler H. Role of oxidative

stress in atherosclerosis. The American Journ@lanfliology 2003; 91: 7-11.

Harth V, Donat S, Ko Y, Abel J, Vetter H, Bruning. NAD(P)H quinone
oxidoreductase 1 codon 609 polymorphism and itecason to colorectal

cancer. Arch Toxicol 2000; 73: 528-531.
223



Hassan A, Gormley K, O'Sullivan M, Knight J, Sham\Rillance P, Bamford J,
Markus H. Endothelial nitric oxide gene haplotypasd risk of cerebral
small-vessel disease. Stroke 2004; 35: 654-659.

Haufroid V, Buchet JP, Gardinal S, Lison D. Cytanhe P4502E1 phenotyping and
the measurement of the chlorzoxazone metabolio:rassessment of its
usefulness in workers exposed to styrene. Int Abccup Environ Health
2002; 75: 453-458.

Hayashi S, Watanabe J, Kawajiri K. Genetic polyrhesms in the 5’-flanking
region change transcriptional regulation of the homytochrome P450IIE1
gene. J Biochem 1991; 110(4): 559-65.

Hayes JD, Flanagan JU, Jowsey IR. Glutathione feaases. Annu Rev Pharmacol
Toxicol 2005; 45: 51-88.

Hayes JD, Pulford DJ. The glutathioBdransferase supergene family: regulation of
GST and the contribution of the isoenzymes to canbhemoprotection and
drug resistance. Crit Rev Biochem Mol Biol 1995; 385-600.

Helzlsouer KJ, Selmin O, Huang HY, Strickland PDffrhan S, Alberg AJ, Watson
M, Comstock GW, Bell D. Association between glutatie S-transferase
M1, P1, and T1 genetic polymorphisms and developroébreast cancer. J
Natl Cancer Inst 1998; 90: 512-518.

Hernandez D, Janmohamed A, Chandan P, PhillipSHephard EA. Organization
and evolution of the flavin-containing monooxygema@enes of human and
mouse: identification of novel gene and pseudogenkisters
Pharmacogenetics 2004; 14: 117-130.

Hildesheim A, Chen CJ, Caporaso NE, Cheng YJ, HoBM& Hsu MM, Levine PH,

Chen IH, Chen JY, Yang CS, Daly AK, Idle JR. Cytwmwhe P4502E1
224



genetic polymorphisms and risk of nasopharyngeaimama: results from a
case-control study conducted in Taiwan. Cancer épidiomar 1995; 4:
607-610.

Hines RN, Hopp KA, Franco J, Saeian K, and Begun/Aiternative processing of
the human FMOG6 gene renders transcripts incapdl@aanding a functional

flavin-containing monooxygenase. Mol Pharma2@02; 62: 320-325.

Hingorani AD, Liang CF, Fatibene J, Lyon A, Monkef, Parsons A, Haydock S,
Hopper RV, Stephens NG, O'Shaughnessy KM, Brown@G&dnmon variant
of the endothelial nitric oxide synthase (Glu298pA&s a major risk factor
for coronary artery disease in the UK. Circulati®99; 100: 1515-1520.

Hodsgon E, Blake BL, Levi PE, Mailman RB, Lawton MFhilpot RM, Genter MB.
Flavin-containing monooxygenases: substrate spéagifiand complex
metabolic pathways. In Molecular Aspects of OxidatDrug Metabolizing
Enzymes: Their Significance in Environmental Tokogy, Chemical
Carcinogenesis and Health ed. Aring E, SchenkmahkidBgson E, Nato ASI
Series 1995; 225-235.

Hou L, Osei-Hyiaman D, Yu H, Ren Z, Zhang Z, WangHrada S. Association of
a 27-bp repeat polymorphism in ecNOS gene withestb stroke in Chinese
patients. Neurology 2001; 6(4): 490-496.

Howard TD, Giles WH, Xu J, Wozniak MA, Malarcher AMange LA, Macko RF,
Basehore MJ, Meyers DA, Cole JW, Kittner SJ. Pranpblymorphisms in
the nitric oxide synthase 3 gene are associatedh wathemic stroke

susceptibility in young black women. Stroke 2006; B348-1851.

Ingelman-Sundberg M, Johansson |, Yin H, TereliyEkasson E, Clot P, Albano
E. Rat Intragastric Ethanol Infusion Model: Currenbgress in Studies on

Alcohol-induced Organ Injury Ethanol-inducible cgtwome P4502E1:
225



Genetic polymorphism, regulation, and possible rivlethe etiology of
alcohol-induced liver disease. Alcohol 1993; 10¢)7-452.

Iso H, Jacobs DR, Wentworth D, Neaton JD, Cohenfdbthe MRFIT Research
Group: serum cholesterol levels and six-year mibytilom stroke in 350977
men screened for the multiple risk factor inten@mttrial. N Engl J Med
1989; 320: 904-10.

Jamrozik K, Broadhurst RJ, Anderson CS, StewartVéyfs. The role of lifestyle
factors in the etiology of stroke: a populationdzhsase-control study in
Perth, Western Australia. Stroke 1994; 25: 51-59.

Jaramillo PC, Lanas C, Lanas F, Salazar LA. -7863@ymorphism of the
endothelial nitric oxide synthase gene in Chileabjexcts with coronary
artery disease and controls. Clin Chim Acta 20@3:: 305-108.

Jaramillo PC, Lanas C, Lanas F, Salazar LA. Polypimems of the NOS3 gene in
Southern Chilean subjects with coronary arteryatiseand controls. Clinica
Chimica Acta 2010; 411: 258-262.

Jenner P. Oxidative mechanisms in nigral cell deatRParkinson’s disease. Mov
Disord 1998; 13: 24-34.

Jerrard-Dunne P, Cloud G, Hassan A, Markus HS.U&atmlg the genetic component
of ischemic stroke subtypes: a family history stuSifroke 2003; 34: 1364-
1369.

Jialal I, Grundy SM. Effect of dietary supplemerdatwith alpha-tocopherol on the

oxidative modification of low-density lipoproteid.Lipid Res 1992; 33: 899-
906.

226



Jo |, Moon J, Yoon S, KiT, Kim E, ParkHY, ShinC, Min J, JinYM, Cha SH,Jo
SA. Interaction between —-786TC polymorphism in the ahdlial nitric
oxide synthase gene and smoking for myocardialrétiten in Korean
population. Clin Chim Acta 2006; 365: 86-92.

Joseph P, Long DJ, Jr Klein-Szanto AJ, Jaiswal Rikle of NAD(P)H:quinone
oxidoreductase 1 (DT diaphorase) in protection r&jaguinone toxicity.
Biochem Pharmacol 2000; 60: 207-214.

Joseph T, Kusumakumary P, Chacko P, Abraham A,aiPiMR. Genetic
Polymorphism of CYP1A1l, CYP2D6, GSTM1 and GSTT1 &udceptibility
to Acute Lymphoblastic Leukaemia in Indian Childr&tood Cancer 2004;
43: 560-567.

Karlsson J. Introduction to Nutraology and Radieatmation. In: Antioxidants and

Exercise. Human Kinetics Press 1997; 1-143.
Kato S, Shields PG, Caporaso NE, Hoover RN, Trup Bugimura H, Weston A,
Harris CC. Cytochrome P450IIE1 genetic polymorphismaial variation, and

lung cancer risk. Cancer Res 1992; 52: 6712-6715.

Kaul N, Devaraj S, Jialal I. Alpha-tocopherol anttheaosclerosis. Exp Biol Med
2001; 226: 5-12.

Kayaalti Z, Soylemezgu T. Distribution of ADH1B, ALDH2, CYP2E1*6, and
CYP2E1*7B genotypes in Turkish population. AlcoR6L0; 44: 415-423.

Keaney JF. Oxidative stress and the vascular WIDPH oxidases take center
stage, Circulation 2005; 112: 2585-2858.

227



Keen JH, Jakoby WB. Glutathione S-transferasesal@as of nucleophilic reactions
of glutathione. The Journal of Biological Chemistt978; 253(16): 5654-
5657.

Keladaa SN, Stapletona PL, Farina FM, BammleraH&tpn DL, Smith-Wellera T,
Franklina GM, Swansonb PD, Longstreth WT, Checkawhlly Glutathione
S-transferase M1, T1, and P1 Polymorphisms and ifzmk's Disease.
Neurosci Lett 2003; 337: 5-8.

Kelsey KT, Ross D, RD Traver, Christiani DC, Zuo, Zpitz MR, Wang M, Xu X,
Lee BK, Schwartz BS, Wiencke JK. Ethnic variationthhe prevalence of a
common NAD(P)H quinone oxidoreductase polymorphisamd its
implications for anti-cancer chemotherapy. Britiurnal of Cancer 1997;
76(7): 852-854.

Kentaro O, Masaharu H, Keiji T, Tomoko Y, Shuichi, Nloru M, Kazuko N.
Association between glutathione S-transferase Al11 Mind T1
polymorphisms and hypertension. Pharmacogenet G&@f)8; 18(3): 275-
277.

Kiely DK, Wolf PA, Cupples LA, Beiser AS, Myers RHEamilial aggregation of
stroke: the Framingham study. Stroke 1993; 24: 18366

Kiffmeyer WR, Langer E, Davies SM, Envall J, RolmisbL, Ross JA. Genetic
Polymorphisms in the Hmong Population Implicatidos Cancer Etiology
and Survival. Cancer 2004; 100(2): 411-417.

Kim 1J, Bae J, Lim SW, Ch#lJ, Kim S, Yang DH, Hwang SG,0h D, Kim NK.
Influence of endothelial nitric oxide synthase gemp®lymorphisms
(-786T>C, 4adb, 894G>T) in Korean patients withooary artery disease.
Thromb Res 2007; 119: 579-585.

228



Kitsios GD, Zintzaras E. An NOS3 Haplotype is Pctitee against Hypertension in a
Caucasian Population. International Journal of Hgmsion 2010, Article 1D
865031, 7 pages, doi:10.4061/2010/865031.

Konishi T, Calvillo M, Leng AS, Feng J, Lee T, Leke Smith JL, Sial SH, Berman
N, French S, Eysselein V, Lin KM, Wan YJ. The ADF34&nd CYP2EL1 c2
alleles increase the risk of alcoholism in Mexigamerican men. Exp Mol
Pathol 2003; 174: 183-189.

Koukouritaki SB, Poch MT, Henderson MC, Siddens KKieger SK, VanDyke JE,
Williams DE, Pajewski NM, Wang T, Hines RN. Iddidation and
functional analysis otommon human flavin-containing monooxygenase 3
genetic variants] Pharmacol Exp Ther 2007; 320: 266-273.

Koukouritaki SB, Hines RN. Flavin-containing monggenase genetic
polymorphism: impact on chemical metabolism andgddevelopment.
Pharmacogenomics 2005; 6: 807-822.

Krajinovic M, Sinnett H, Richer C, Labuda D, SinnBt Role of NQO1, MPO and
CYP2E1 genetic polymorphisms in the susceptibitiby childhood acute
lymphoblastic leukemia. Int J Cancer 2002; 97: 236-

Krueger SK, Willams DE. Mammalian flavin-contaigin monooxygenases:
structure/function, genetic polymorphisms and rale drug metabolism.
Pharmacaology & Therapeutics 2005; 106: 357-387.

Kuehl BL, Paterson JW, Peacock JW, Paterson MCiHRaM. Presence of 422 a

heterozygous substitution and its relationship td-diaphorase activity.
Cancer 1995; 72: 555-561.

229



Kumral E, Ozkaya B, Sagduyu A, Sirin H, VardarliFeghlivan M. The Ege Stroke
Registry: a hospital-based study in the Aegeanoregizmir, Turkey.
Analysis of 2,000 stroke patients. Cerebrovascl®@s; 8(5): 278-88.

Kunnas TA, llveskoski E, Niskakangas T, Laippalael,al. Association of the
endothelial nitric oxide synthase gene polymorphigith risk of coronary
artery disease and myocardial infarction in midated men. J Mol Med
2002; 80:605-6009.

Labreuche J, Touboul PJ, Amarenco P. Plasma teglye levels and risk of stroke
and carotid atherosclerosis: a systematic reviewthef epidemiological
studies. Atherosclerosis 2009; 203: 331-45.

Ladero JM, Agundez JA, Rodriguez LA, Diaz RM, Beaitl. Rsal polymorphism at
the cytochrome p4502E1 locus and risk of hepatoleellcarcinoma. Gut
1996; 39: 330-333.

Lahiri D, Schnabel B. DNA Isolation by a rapid mathfrom human blood samples:
Effects of MgC}, EDTA, storage time, and temperature on DNA yiaiul
quality. Biochemical Genetics 19931(7/8), 321-328.

LaRosa JC, Grundy SM, Waters DD, Shear C, Bartérichart JC, et al. Intensive
lipid lowering with atorvastatin in patients witltable coronary disease. N
Engl J Med2005; 352: 1425-1435.

Larson RA, Wang Y, Banerjee M, Wiemels J, Hartf@d_.e Beau MM, Smith MT.
Prevalence of the inactivating 60940 polymorphism in the
NAD(P)H:quinone oxidoreductase (NQO1) gene in pasievith primary and
therapy-related myeloid leukemia. Blood 1999; 93-807.

Lattard V, Zhang J, Tran Q, Furnes B, Schlenk Dshbzan JR. Two new

polymorphisms of the FMO3 gene in Caucasian andc&frAmerican
230



populations: comparative genetic and functionatlistai Drug Metab Dispos
2003; 31:854-860.

Lawes CM, Bennett DA, Feigin VL, Rodgers A. Bloodegsure and stroke: an
overview of published reviews. Stroke 2004; 35:-856

Lewington S, Whitlock G, Clarke R, et al. Blood td&ierol and vascular mortality
by age, sex, blood pressure: a meta-analysis afithl data from 61
prospective studies with 55000 vascular deathscéia2007; 370: 1829-39.

Lewis SJ, Cherry NM, Niven RMcL, Barber PV, Pove AGSTM1, GSTT1 and
GSTP1 polymorphisms and lung cancer risk. Cancér 2@02; 180: 165-
171.

Li M, Li C, Guan W. Evaluation of coverage variatiof SNP chips for genome-
wide association studies. Eur J Hum Genet 2008635:643.

Li R, Bianchet MA, Talalay P, Amzel LM. The threé¥ensional structure of
NAD(P)H:quinone reductase, a flavoprotein involveth cancer
chemoprotection and chemotherapy: mechanism of the-electron
reduction, Proc Natl Acad Sci USA 1995; 92: 88468

Liu M, Dziennis S, Hurn PD, Alkayed NJ. Mechanisofsgender-linked ischemic
brain injury. Restor Neurol Neurosci 2009:163-179.

Liu S, Park JY, Schantz SP, Stern JC, Lazarus Bciddtion of CYP2El %
regulatory Rsal/Pstl allelic variants and theierol risk for oral cancer. Oral
Oncol 2001; 37: 437-445.

Liu Y, Meng XW, Zhou LY, Zhang PY, Sun X, Zhang®enetic polymorphism and
MRNA levels of cytochrome P450IIE1 and glutathidhransferase P1 in

231



patients with alcoholic liver disease in differardtionalities. Hepatobiliary
Pancreat Dis Int 2009; 8(2): 162-167.

Lomri N, Gu G, Cashman JR. Molecular cloning of viita containing
monooxygenase (form II) cDNA from adult human liveroc Natl Acad Sci
USA 1992; 89: 1685-1689.

Lu AYH, Levin W. The resolution and reconstitution of the liver rosmwmal
hydroxylation system. Biochim Biophys Acta 1974482): 205-240.

Luka AOY, Wanga Y, Maa RCW, Tama CHT, Nga MCY, LaMa Yanga X,
Bauma L, Tonga PCY, Chana JCN, Soa WY. Predictiode rof
polymorphisms in interleukin-5 receptor alpha-subuhpoprotein lipase,
integrin A2 and nitric oxide synthase genes on asule stroke in type 2
diabetes-An 8-year prospective cohort analysis 3271 Chinese patients.
Atherosclerosis 2011; 215: 130-135.

MacLeod MJ, Dahiyat MT, Cumming A, Meiklejohn D, &h D, StClair D. No
association between Glu/Asp polymorphism of NOS8egand ischemic
stroke. Neurology 1999; 53: 418-420.

Madamanchi NR, Vendrov A, Runge MS. Oxidative &resd vascular disease.
Arterioscler Thromb Vasc Biol 2005; 25: 29-38.

Majumdar V, Nagaraja D, Karthik N, Christopher Rsaciation of endothelial nitric
oxide synthase gene polymorphisms with early-oiss&iemic stroke in south

Indians. Journal of Atherosclerosis and Thromb26iH); 17: 45-53.

Malmgren R, Warlow C, Bamford J, Sandercock P. Ggalgical and secular trends
in stroke incidence. Lancet 1987; 2: 1196-200.

232



Mao M, Matimba A, Scordo MG, Gunes A, Zengil H, Yabkurukori N,
Masimirembwa C. Flavin-containing monooxygenase§morphisms in 13
ethnic populations from Europe, East Asia and saifiaan Africa: frequency

and linkage analysis. Pharmacogenomics 2009; 1049)7-1455.

Markus HS, Ruigrok Y, Ali N, Powell JF. Endothelaitric oxide synthase exon 7
polymorphism, ischemic cerebrovascular disease, eawtid atheroma.
Stroke 1998; 29: 1908-1911.

Martin NJ, Collier AC, Bowen LD, Pritsos KL, Goodh GG, Arger K, Cutter G,
Pritsos CA. Polymorphisms in the NQO1, GSTT and MSdenes are
associated with coronary heart disease and biomsadeoxidative stress.
Mutat Res 2009; 674(1-2): 93-100.

McCombie RR, Dolphin CT, Povey S, Phillips IR, Shapl EA: Localization of
human flavin-containing monooxygenase gerfeéglO2 and FMO5 to
chromosome 1dsenomicsl996; 34: 426-429.

McGruder HF, Malarcher AM, Antoine TL, Greenlund ,KQroft JB. Racial and
Ethnic Disparities in Cardiovascular Risk Factommdhg Stroke Survivors:
United States 1999 to 2001. Strak@04; 35; 1557-1561.

Michel P, Odier C, Rutgers M, Reichhart M, MaederMeuli R, Wintermark M,
Maghraoui A, Faouzi M, Croquelois A, Ntaios G. Theute Stroke Registry
and Analysis of Lausanne (ASTRAL): design and basehnalysis of an
ischemic stroke registry including acute multi mloslaaging. Stroke 2010:
2491-2498.

Mittal RD, Srivastava DS, Mandhani A, Mittal B. Gsit polymorphism of drug
metabolizing enzymes (CYP2E1, GSTP1) and suscéptitm bladder cancer
in North India. Asian Pac J Cancer Prev 2005; 8: 6-

233



Moe KT, Woon FP, De Silva DA, Wonga P, Koh TH, Kingjl B, Chin-Dusting J,
Wong MC. Association of acute ischemic stroke whle MTHFR C677T
polymorphism but not with NOS3 gene polymorphismsa Singapore
population. European Journal of Neurology 2008;11329-1314.

Mohammadynejad P, Saadat |, Ghanizadeh A, SaadaBipblar disorder and
polymorphisms of glutathione S-transferases M1 (@$)fand T1 (GSTT1).
Psychiatry Research 2011; 186: 144-146.

Moncada S, Higgs A. The L-arginine-nitric oxide patty. N Engl J Med 1993; 329:
2002-2012.

Moncada S, Higgs EA. Nitric oxide in cardiovascufanction and disease. In:
Stemme S, Ohlsson AG (eds) Atherosclerosis 2000j.EEvier,
Amsterdam, pp 81-89.

Morte DD, Abete P, Gallucci F, Scaglione A, D’Ambro D, Gargiulo G, De Rosa
G, Dave KR, Lin HW,Cacciatore F, Mazzella F, UompR&aindek T, Perez-
Pinzon MA, Rengo F. Transient Ischemic Attack BefoNonlacunar
Ischemic Stroke in the Elderly. Journal of Stroked aCerebrovascular
Diseases 2008; 17(5): 257-262.

Nagai Y, Kitagawa K, Sakaguchi M, Shimizu Y, HasbtmH, Yamagami H, Narita
M, Ohtsuki T, Hori M, Matsumoto M. Significance ddarlier carotid
atherosclerosis for stroke subtypes. Stroke 20P11380-1785.

Nakayama M, Yasue H, Yoshimura M, Shimasaki Y, kagia K, Ogawa H,
Motoyama T, Saito Y, Ogawa Y, Miyamoto Y, Nakao k786>C mutation
in the B-flanking region of the endothelial nitric oxide ndlgase gene is

associated with coronary spasm. Circulation 19992864-2870.

234



Naoe T, Takeyama K, Yokozawa T, Kiyoi H, et al. Arsss of Genetic
Polymorphism inNQO1, GST-M1, GST-T1, and CYP3A4 in 469 Japanese
Patients with Therapy-related Leukemia/MyelodysjdaSyndrome andle
novo Acute Myeloid Leukemia. Clinical Cancer Researct9®06: 4091-
4095.

Nebert DW, Gonzalez FJ. P450 Genes: Structure,ufisal and Regulation. Ann
Rev Biochem 1987; 56: 945-993.

Nebert DW, McKinnon RA. Cytochrome P450: Evolutiand functional diversity.
Progress in Liver Diseases 1994; 12: 63-97.

Nelson DR, Koymans L, Kamataki T, Stegeman JJ, feegsen R, Waxman DJ,
Waterman MR, Gotoh O, Coon MJ, Estabrook RW, GussalC, Nebert
DW. P450 superfamily: Update on new sequences, g@pping, accession

numbers, and nomenclature. Pharmacogenetics 19964 %

Neuhaus T, Ko YD, Lorenzen K, Fronhffs S, HarthBrode P, Vetter H, Bolt HM,
Pesch B, Briuning T. Association of cytochrome P2&1 Polymorphisms

and head and neck squamous cell cancer. Toxictil2D@4; 151: 273-282.

Nishimoto N, Hanaoka T, Sugimura H, Nagura K, lhikalLi XJ, Arai T, Hamada
GS, Kowalski LP, Tsugane S. Cytochrome P450 2ElyrRaiphism in
Gastric Cancer in Brazil: Case-Control Studies apahese Brazilians and
Non-Japanese Brazilians. Cancer Epidemiology, Bikera & Prevention
2000; 9: 675-680.

Nomani H, Mozafari H, Ghobadloo SM, Rahimi Z, RaygaV, Rahimi MA, Haghi
AF, Keshavarz AA. The association between GSTT1, Midd P1
polymorphisms with coronary artery disease in Weastean. Mol Cell
Biochem 2011; 354(1-2): 181-187.

235



Nowak-Gottl U, Strater R, Heinecke A, Junker R, KoEl-G, Schuierer G,
Eckardstein A. Lipoprotein (a) and genetic polyntasms of clotting factor
V, prothrombin, and methylenetetrahydrofolate redse are risk factors of

spontaneous ischemic stroke in childhood. Blood19¢: 3678-3682.

Ogawaa K, Sunob M, Shimizua K, Yoshidaa M, AwayaMatsubarab K, Shionoa
H. Genotyping of cytochrome P450 isoform genes deful for forensic

identification of cadaver. Legal Medicine 2003,132-138.

Oyama T, Kawamoto T, Mizoue T, Sugio K, Kodama Ytdddomi T, Yasumoto K.
Cytochrome P450 2E1 polymorphism as a risk factworling cancer: in
relation to p53 gene mutation. Anticancer Res 19971B): 583-587.

Omer B, Ozbek U, Akkose A, Kilic G. Genetic polympbism of cytochrome P450
2E1 in the Turkish population. Cell Biochem Fun@02; 19: 273-275.

Pan SS, Han Y, Farabaugh P, Xia H. Implication téraative splicing for
expression of a variant NAD(P)H:quinone oxidoredsetl with a single
nucleotide polymorphism at 465C>T. Pharmacogen@0€R; 12: 479-488.

Park CS, Chung WG, Kang JH, Roh HK, Lee KH, Cha PNenotyping of flavin-
containing monooxygenase using caffeine metaboksd genotyping of
FMOS3 gene in a Korean population. Pharmacogen2869; 9(2): 155-164.

Park CS, Kang JH, Chung WG, et al. Ethnic diffeemnm allelic frequency of two
flavin-containing monooxygenase 3 (FMO3) polymosgpohs: linkage and

effects on in vivo and in vitro FMO activities. Rhecogenetics 2002; 12:
77-80.

Park JH, EI-Sohemy A, Cornelis MC, Kim HA, Kim SBae SC. Glutathione S -

transferase M1, T1, and P1 gene polymorphisms anatid atherosclerosis

236



in Korean patients with rheumatoid arthritis. Rhetwh Int 2004; 24: 157-
163.

Park SJ, Zhao H, Spitz MR, Grossman HB, Wu X. Asoamtion betweelNQO1
genetic polymorphism and risk of bladder cancertdlon Research 2003;
536: 131-137.

Patel A, Barzi F, Jamrozik K, Lam TH, Ueshima H, Mtk G, Woodward M. Asia
Pacific Cohort Studies Collaboration. Serum triglydes as a risk factor for
cardiovascular diseases in the Asia-Pacific reg©mculation 2004; 110:
2678-86.

Persson |, Johansson |, Bergling H, Dahl ML, SdidégRylander R, Rannug A,
Hagberg J, Ingelman-Sundberg M. Genetic polymomh&f cytochrome
P4502EIl in a Swedish population relationship tadence of lung cancer.

FEBS 1993; 319(3): 207-211.

Persson |, Johansson [, Lou YC, Yue QY, Duan LSttiBson L, Ingelman-
Sundberg M. genetic polymorphism of xenobiotic rhetaing enzymes

among Chinese lung cancer patients. Int J Can&9; B1.: 325-329.

Phillips IR, Dolphin CT, Clair P, Hadley MR, HuttJAMcCombie RR, Smith RL,
Shephard EA. The molecular biology of the flavimtning
monooxygenases of maGhem Biol Interact 199%6: 17-32.

Piccoli JCE, Gottlieb MGV, Castro L, Bodanese LCarMnti ERF, Bogo MR, Peres
A, Da Rocha MIUM, Da Cruz IBM. Association betwee894G>T
Endothelial Nitric Oxide Synthase Gene Polymorplsisand Metabolic
Syndrome. Arq Bras Endocrinol Metab 2008; 52(887-3373.

237



Poetsch M, Czerwinski M, Wingenfeld L, Vennemann Bhgjanowski T. A
common FMO3 polymorphism may amplify the effechafotine exposure in
sudden infant death syndrome (SIDS). Int J Legall @10; 124: 301-306.

Poirier O, Mao C, Mallet C, Nicaud V, Herrmann SHEyans A, Ruidavets JB,
Arveiler D, Luc G, Tiret L, Soubrier F, Cambien Folymorphisms of the
endothelial nitric oxide synthase gene-no consistassociation with
myocardial infarction in the ECTIM study. Eur J €lnvest 1999; 29: 284-
290.

Popov B, Gadjeva V, Valkanov P, Popova S, TolekdvaLipid peroxidation,
superoxide dismutase and catalase activities im kranor tissues. Arch
Physiol Biochem 2003; 111(5): 455-459.

Poulsen LL. Organic sulfur substrates for the nsoroal flavin-containing
monooxygenase. In Rewievs in Biochemical Toxicolagy, Hodsgon E,
Bend JR, Philpot RM, 1981, 3: 33-49.

Prospective studies collaborations. Cholesteraistdlic blood pressure, and stroke:
13,000 strokes in 450,000 people in 45 prospeatiMeorts. Lancet 1995;
346: 1647-53.

Qin JM, Yang L, Chen B, Wang XM, Li F, Liao PH, He Interaction of
methylenetetrahydrofolate  reductase C677T, cytonbro P4502E1
polymorphism and environment factors in esophageaicer in Kazakh
population. World J Gastroente2008; 14(45): 6986-6992.

Quinones L, Lucas D, Godoy J, Caceres D, BerthoaFela N, Lee K, Acevedo C,
Martinez L, Aquilera AM, Gil L. CYP1Al, CYP2E1 an@STM1 genetic
polymorphisms the effect of single and combinedoggres on lung cancer
susceptibility in Chilean people. Cancer Lett 20044: 35-44.

238



Radomski MW, Salas E. Nitric oxide — biological nedr, modulator and factor of
injury: its role in the pathogenesis of atherosudes. Atherosclerosis 1995;
118: 69-80.

Ramalhinho AC, Fonseca-Moutinho JA, Breitenfeld Glutathione S-transferase
M1, T1, and P1 genotypes and breast cancer ristu@dy in a Portuguese
population. Mol Cell Biochem 2011; DOI 10.1007/s106011-0863-9.

Ramos DL, Gaspar JF, Pingarilho M, Gil OM, Fernan8&, Ruef J, Oliveir NG.
Genotoxic effects of doxorubicin in cultured humémphocytes with
different glutathione S-transferase genotypes. haraResearch 2011;
724(1-2): 28-34.

Ramprasath T, Murugan PS, Prabakaran AD, GomatRakhinavel A, Selvam GS.
Potential risk modifications of GSTT1, GSTM1 and T8 (glutathione-S-
transferases) variants and their association to @APatients with type-2
diabetes. Biochemical and Biophysical Research Conmcations 2011; 407:
49-53.

Raunio H, Husgafvel-Pursiainen K, Anttila S, HieganE, Hirvonen A, Pelkonen O.
Diagnosis of polymorphisms in carcinogenactivatidgd inactivating
enzymes and cancer susceptibility. Gene 1995; 158:121.

Riley RJ, Workman P. DT-diaphorase and cancer chisnapy. Biochem
Pharmacol 1992; 43: 1657-1669.

Risch N, Merikangas K. The future of genetic stadd complex human diseases.
Sciencel996; 273: 1516-1517.

Rodriguez-Antona C, Ingelman-Sundburg M. CytochroiRd50 and cancer.
Oncogene 2006; 25: 1679-1691.

239



Ross D, Kepa JK, Winski SL, Beall HD, Anwar A, S2¢d. NAD(P)H:quinone
oxidoreductase 1 (NQO1): chemoprotection, bioatitwa gene regulation
and genetic polymorphisms. Chem Biol Interact 2Q@&%®: 77-97.

Rossini A, Lima SS, Rapozo DC, Faria M, Albano RRInto LF. CYP2A6 and
CYP2E1 polymorphisms in a Brazilian population digiin Rio de Janeiro.
Braz J Med Biol Res 2006; 39: 195-201.

Saadat |, Saadat M. Glutathione S-transferase MITamull genotypes and the risk
of gastric and colorectal cancers. Cancer Lette@d2169: 21-26.

Salama SA, Au WW, Hunter GC, Sheahan RG, Badary @Bdel-Naim AB,
Hamada FMA. Polymorphic metabolizing genes and epigality to
atherosclerosis among cigarette smokers. Enviroh Nd 2002; 40: 153-
160.

Sandrim VC, de Syllos RWC, Lisboa HRK, Tres GS, usaantos JE. Endothelial
nitric oxide synthase haplotypes affect the susis#ipt to hypertension in
patients with type 2 diabetes mellitus. Atherosides 2006; 189: 241-246.

Sarti C, Rastenyte D, Cepatis Z, Tuomilehto J.rivégonal trends in mortality from
stroke, 1968 to 1994. Stroke 2000; 31: 1588-1601.

Sever PS, Dahlof B, Poulter NR, Wedel H, Beever€&jlfield M, et al. Prevention
of coronary and stroke events with atorvastatihypertensive patients who
have average or lower-than-average cholesterolerdrations, in the Anglo-
Scandinavian Cardiac Outcomes Trial — Lipid LowgriArm (ASCOT-
LLA): A multicentre randomised controlled trial. heet 2003; 361: 1149-
1158.

240



Shao M, Liu Z, Tao E, Chen B. Polymorphism of MAOgBne and NAD(P)H:
qguinone oxidoreductase gene in Parkinson's diseagghinese. Chinese
Journal of Medical Genetics 2001; 18: 122-124.

Shephard EA, Dolphin CT, Fox MF, Povey S, SmithPRillips IR. Localization of
genes encoding three distinct flavin-containing oaxygenases to human
chromosome 1dsenomicsl993; 16: 85-89.

Shi C, Kang X, Wang Y, Zhou Y. The coagulation fac¥ Leiden, MTHFRC677T
variant and eNOS 4ab polymorphism in young Chinpspulation with
ischemic stroke. Clinica Chimica Acta 2008; 39@.7-

Shimizu M, Yano H, Nagashima S, Murayama N, ZhanGakhman JR, Yamazaki
H. Effect of genetic variants of the human flavintaaning monooxygenase 3
on N- and S-oxygenation activities. Drug Metab DsR007; 35: 328-330.

Shin SJ, Lee HH, Cha SH, Kim JH, Shim SH, Choi Blin NK. Endothelial nitric
oxide synthase gene polymorphisms (-786T>C, 4a4®4G&T) and
haplotypes in Korean patients with recurrent spoedas abortion. European
Journal of Obstetrics & Gynecology and Reproduciielogy 2010; 152:
64-67.

Shyu HY, Fong CS, Fu YP, Shieh JC, Yin JH, Chang @Mng HW, Cheng CW.
Genotype polymorphisms of GGCX, NQO1, and VKORCheageassociated
with risk susceptibility in patients with large-ary atherosclerotic stroke.
Clinica Chimica Acta 2010; 411: 840-845.

Siegel D, Gustafson DL, Dehn DL, Han JY, Booncho#&hgBerliner LJ, Ross D.

NAD(P)H:quinone oxidoreductase 1: role as a supdeoscavenger. Mol
Pharmacol 2004; 65: 1238-1247.

241



Siegel D, McGuinness SM, Winski SL, Ross D. Genetgpenotype relationships in
studies of a polymorphism in NAD(P)H:quinone oxielductase 1,
Pharmacogenetics 1999; 9: 113-121.

Sies H. Oxidative stress: introductory remarks. @xidative Stress. London:
Academic Press 1985; 1-8.

Singh M, Shah PP, Singh AP, Ruwali M, Mathur N, tPahC, Parmar D.
Association of genetic polymorphisms in glutathioBetransferases and
susceptibility to head and neck cancer. Mutat RE82638: 184-194.

Singh U, Jialal I. Oxidative stress and atherosdist Pathophysiology 2006; 13:
129-142.

Sinici I, Guven EO,Serefglu Egecan, Hayran M. T-786C Polymorphism in
Promoter of eNOS Gene as Genetic Risk Factor ireftat With Erectile

Dysfunction in Turkish Population. Urology 2010;: B%5-960.

Sirma S, Agaoglu L, Yildiz I, Cayli D, Horgusluoghi, Anak S, Yuksel L, Unuvar
A, Celkan T, Apak H, Karakas Z, Devecioglu O, Ozbdk.
NAD(P)H:Quinone Oxidoreductase 1 Null Genotype ¢¢ Associated With
Pediatric De Novo Acute Leukemia. Pediatr Blood €2ar2004; 43:568-570.

Smith MT, Wang Y, Skibola CF, Slater DJ, Nigro Mpwell PC, Lange BJ, Felix
CA. Low NAD(P)H:quinone oxidoreductase activity is adated with
increased risk of leukemia with MLL translocationsinfants and children.
Blood 2002; 100: 4590-4593.

Sole’-Padulle’s C, Bartre’s-Faz D, Junque” C, VjaWdtari'n M, Gonza'lez-Pe’rez
E, Moral P, Moya A, Clemente IC. Poorer cognitivefprmance in humans
with mild cognitive impairment carrying the T vamtaof the Glu/Asp NOS3

polymorphism. Neuroscience Letters 2004; 358: 5-8.
242



Stavropoulou C, Zachaki S, Alexoudi A, Chatzi |,d&gakakos VN, Terzoudi Gl,
Pantelias GE, Karageorgiou CE, Sambani C. The Ce608aborn
polymorphism in NAD(P)H:quinone oxidoreductase 1 aissociated with
susceptibility to multiple sclerosis and affects tisk of development of the
primary progressive form of the disease. Free Rhdwmlogy & Medicine
2011; 51: 713-718.

Stegmayr B, Asplund K. Diabetes as a risk factor $troke. A population
perspective. Diabetologia 1995; 38: 1061-1068.

Stephens EA, Taylor JA, Kaplan N, Yang CH, Hsieh lLucier GW, Bell DA.
Ethnic variation in the CYP2E1 gene: polymorphismalgsis of 695 African-
Americans, European-Americans and Taiwanese. Pleageaetics 1994;
4(4): 185-92.

Stocker R, Keaney JF. Role of oxidative modificasidn atherosclerosis. Physiol
Rev 2001; 84: 1381-1478.

Sunaga N, Kohno T, Yanagitani N, Sugimura H, Kumité, Tamura T, Takei Y,
Tsuchiya S, Saito R, Yokota J. Contribution of tN®O1 and GSTT1
Polymorphisms to Lung Adenocarcinoma SusceptibilityCancer
Epidemiology, Biomarkers & Prevention 2002; 11: -7338.

Szolnoki Z, Havasi V, Bene J, Komlosi K, Szoke mntgyvari F, Kondacs A,
Szabo M, Fodor L, Bodor A, Gati I, Wittman |, Mele®. Endothelial nitric
oxide synthase gene interactions and the risk dfasmic stroke. Acta
Neurol Scand 2005; 111: 29-33.

Takeya Y, Popper JS, Shimizu Y, Kato H, Rhoads &&gan A. Epidemiologic
studies of coronary heart disease and stroke ian&sg men living in Japan,
Hawaii and California: incidence of stroke in Japawl Hawaii. Stroke 1984;

15: 15-23.
243



Tamemoto H, Ishikawa S, Kawakami M. Association tife Glu298Asp
polymorphism of the eNOS Gene with ischemic he@&seabse in Japanese
diabetic subjects. Diabetes Research and CliRicaitice 2008; 80: 275-279.

Tanne D, Koren-Morag N, Graff E, Goldbourt U, flwetBIP Study Group. Blood
Lipids and First-Ever Ischemic Stroke/Transienthtsmic Attack in the
Bezafibrate Infarction Prevention (BIP) Registry gHli Triglycerides
Constitute an Independent Risk Factor. Circulaif@l; 104: 2892-2897.

Tanus-Santos JE, Desai M, Deak LR, Pezzullo JCyrdiey DR, Flockharta DA,
Freedman JE. Effects of endothelial nitric oxide ntegse gene
polymorphisms on platelet function, nitric oxidéease, and interactions with
estradiol. Pharmacogenetics 2002; 12: 407-413.

Tavori H, Aviram M, Khatib S, Musa R, Nitecki S, fiman A, Vaya J. Human
carotid atherosclerotic plaque increases oxidastate of macrophages and

low-density lipoproteins, whereas paraoxonase 1NPOdecreases such

atherogenic effects. Free Radical Biol&¢edicine 2009; 46: 607-615.

Tesauro M, Thompson WC, Rogliani P, Qi L, ChaudhaR; Moss J. Intracellular
processing of endothelial nitric oxide synthasefasuns associated with
differences in severity of cardiopulmonary diseastsavage of proteins with
aspartate vs. glutamate at position 298. Proc Alzdd Sci U S A 2000; 97:
2832-2835.

Thier R, Lewalter J, Selinski S, Bolt HM. Possibtepact of human CYP2E1l
polymorphisms on the metabolism of acrylonitril@xicology Letters 2002;
128: 249-255.

Tindberg N, Baldwin HA, Cross AJ, Ingelman-Sundbek§ Induction of
cytochrome P450 2E1 expression in rat and gerhitoages by and

244



inflammatory factors and ischemic injury. Mol Phacuol 1996;50: 1065-
1072.

Tsukada T, Yokoyama K, Arai T, Takemoto F, Harar&mada A, Kawaguchi Y,
Hosoya T, Igari J. Evidence of association of tt@S gene polymorphism
with plasma NO metabolite levels in humans. Bioch&wophys Res
Commun 1998; 245: 190-193.

Turkanglu A, Can Demirdgen B, DemirkayaS, Bek S, Adali O. Association
analysis of GSTT1, GSTM1 genotype polymorphisms sexdim total GST
activity with ischemic stroke risk. Neurol Sci 20B1: 727-734.

Turkanglu A. Human serum arylesterase and glutathioneasterase activities in
patients with ischemic stroke compared to healtbgtols. MSc. Thesis
2007. Middle East Technical University, Ankara, Key.

Uematsu F, lkawa S, Kikuchi H, Sagami I, Kanamay#\Be T, Satoh K, Motomiya
M, Watanabe M. Restriction fragment lenght polyniosm of the human
CYP2E1 (cytochrome P450IIE1) gene and suscepyibttit lung cancer:
possible relevance to low smoking exposure. Phavgeetics 1994; 4. 58-
63.

Uematsu F, Kikuchi H, Motomiya M, Abe T, SagamiQhmachi T, Wakui A.
Association between restriction fragment lengthyparphism of the human
cytochrome P450 2E1 gene and susceptibility to lcagcer. Jpn J Cancer
Res 1991; 82: 254-256.

Ulusoy G, Adali O, Boyunegmez Tumer T, Sahin G, @soglu S, Aring E.
Significance of Genetic Polymorphisms at Multipleci of CYP2EL in the
Risk of Development of Childhood Acute LymphoblastLeukemia.
Oncology 2007a; 72: 125-131.

245



Ulusoy G, Aring E, Adali O. Genotype and allelegfrencies of polymorphic
CYP2EL in the Turkish Population. Archives of Tatmgy 2007b;81(10):
711-718.

Vasilakou M, Votteas V, Kasparian C, PantazopoWpsDedoussis G, Deltas C,
Nastos P, Nikolakis D, Lamnissou K. Lack of assi@mabetween endothelial
nitric oxide synthase gene polymorphisms and riskhremature coronary
artery disease in the Greek population. Acta CA&008; 63(5): 609-614.

Venturelli E, Galimberti D, Lovati C, Fenoglio Cc&8abrini D, Mariani C, Forloni
G, Bresolin N, Scarpini E. THE786C NOS3 polymorphism in Alzheimer’'s
disease: Association and influence on gene exmmesbBieuroscience Letters
2005; 382: 300-303.

Vilar R, Coelho H, Rodrigues E, Gama MJ, RiveraTgioli E, Lechner MC.
Association of A313 G polymorphism (GSTP1*B) in tlgdutathione-S-
transferase P1 gene with sporadic Parkinson’s sksdauropean Journal of
Neurology 2007; 14: 156-161.

Vlaykova T, Miteva L, Gulubova M, Stanilova S. I@&Val GSTP1 polymorphism
and susceptibility to colorectal carcinoma in Buiga population. Int J
Colorectal Dis 2007; 22: 1209-1215.

Vodicka P, Soucek P, Tates AD, Dusinska M, Sarmandy Zamecnikova M,
Vodickova L, Koskinen M, Zwart FA, Natajaran AT, Heninki K.
Association between genetic polymorphisms and brkera in styrene-
exposed workers. Mutat Res 2001; 482: 89-103.

Wang G, Zhang L, Li Q. Genetic polymorphisms of GETGSTM1, and NQO1
genes and diabetes mellitus risk in Chinese papulaBiochem Bioph Res
Co 2006; 341: 310-313.

246



Wang J, Deng Y, Li L, Kuriki K, Ding J, Pan X, Zheig, Jiang J, Luo C, Lin P,
Tokudome S. Association of GSTM1, CYP1Al and CYP2&dnetic
polymorphisms with susceptibility to lung adenodtasma: A case-control
study in Chinese population. Cancer Sci 2003; 94(538-1452.

Wang SL, Lee H, Chen KW, Tsai KJ, ChenCY, Lin P. Cytochrome P4502E1l
genetic polymorphisms and lung cancer in a Taiwansspulation. Lung
Cancer 1999; 26(1): 27-34.

Wang SM, Zhu AP, Li D, Wang Z, Zhang P, Zhang Gtedqtiencies of genotypes
and alleles of the functional SNPs in CYP2C19 artPPE1 in mainland
Chinese Kazakh, Uygur and Han populations. J HumeG2009; 54: 372-
375.

Wang YH, Wu MM, HongCT, Lien LM, Hsieh YC, Tseng HEhange SF, Sue CL,
Chiou HY, Chen CJ. Effects of arsenic exposure gemnktic polymorphisms
of p53, glutathioneStransferase M1, T1, and Pl on the risk of carotid
atherosclerosis in Taiwan. Atherosclerosis 2002; 395-312.

Wannamethee SG, Shaper AG, Ebrahim S. HDL-Choldsteotal Cholesterol, and
the Risk of Stroke in Middle-Aged British Men. Ste2000; 31: 1882-1888.

Warlow CP, Sudlow C, Dennis M, Wardlaw J, Sanddgtdec Stroke. Lancet 2003;
362: 1211-1224.

Warner M, Gustafsson JA. Effect of ethanol on clgtome P450 in the rat brain.
Proc Natl Acad Sci USA 19941: 1019-1023.

Welin T, Svardsudd K, Wilhelmsen T, Larsson B, Tiblé>. Analysis of risk factors
for stroke in a cohort of men born in 1913. N Ehiled 1987; 317: 521-526.

247



Wever RMF, Luscher TF, Cosentino F, Rabelink Thekbsclerosis and the two
faces of endothelial nitric oxide synthase. Cirtola1998; 97: 108-112.

Wiemels JL, Pagnamenta A, Taylor GM, Eden OB, Atelex FE, Greaves MF. A
lack of a functional NAD(P)H:quinone oxidoreductase alledeselectively
associated with pediatric leukemias that hisitd fusions. United Kingdom
Childhood Cancer Studpvestigators. Cancer Res 1999; 59: 4095-4099.

Wilcox JN, Subramanian RR, Sundell CL, Tracey WRJlde JS, Harrison DG,
Marsden PA. Expression of multiple isoforms of igitoxide synthase in
normal and atherosclerotic vessels. Arterioscleoftb Vasc Biol 1997; 17:
2479-2488.

Willmot M, Gray L, Gibson C, Murphy S, Bath PMW. gystematic review of nitric
oxide donors and L-arginine in experimental stroéfects on infarct size
and cerebral blood flow. Nitric Oxide 2005; 12: 1#49.

Witzum J, Steinberg D. Role of oxidized low-dengipoprotein in atherogenesis. J
Clin Invest 1991; 88: 1785-1792.

Wolf PA, D'Agostino RB, Kannel WB, Bonita R, BelargAJ. Cigarette smoking as
a risk factor for stroke: the Framingham study. JAO88; 259(7): 1025-
1029.

Wolfe CDA. The impact of stroke. British Medical Batin 2000; 56: 275-86.

Wu X, Amos CI, Kemp BL, Shi H, Jiang H, Wan Y, SpMR. Cytochrome P450
2E1 Dral polymorphism in lung cancer in minority puations. Cancer
Epidem Biomar 1998; 7: 13-18.

Wu X, Shi H, Jiang H, Kemp BL, Hong WK, Delclos G&pitz MR. Associations

between cytochrome P4502E1 genotype, mutagen is@gsitcigarette
248



smoking and susceptibility to lung cancer. Carcerapis 1997; 18(5): 967-
973.

Yalin S, Hatungil R, Tamer L, Aras Ates N, DogrderYildirim H, Karakas S, Atik
U. Glutathione S-transferase gene polymorphism3urkish patients with
diabetes mellitus. Cell Biochem Funct 2007; 25:-5Q8.

Yamazaki H, Inui Y, Yun CH, Guengerich FP, ShimadaCytochrome P450 2E1
and 2A6 enzymes as a major catalysts for metabaditvation of N-
nitrosodialkylamines and tobacco-related nitros@sinin human liver

microsomes. Carcinogenesis 1992; 13: 1789-1794.

Yang BM, O'Reilly DA, Demaine AG, Kingsnorth AN. &y of polymorphisms in
the CYP2E1 gene in patients with alcoholic pandisatAlcohol 2001; 23:
91-97.

Yeh CC, Sung FC, Tang R, Chang-Chieh CR, Hsieh Agsociation between
polymorphisms of biotransformation and DNA-repaiengs and risk of

colorectal cancer in Taiwan. J Biomed Sci 2007;188-93.

Yemisci M, Sinici I, Ozkara HA, Hayran M, Ay H, CeltikgB, Onder E,
Buyukerbetci G, Kaya EB, Tokgodzoglu L, DalkaraTotective role of 27bp
repeat polymorphism in intron 4 of eNOS gene iruter infarction. Free
Radical Research 2009; 43(3): 272-279.

Yoritaka A, Hattori N, Uchida K, Tanaka M, StadtmaBR, Mizuno Y.
Immunohistochemical detection of 4-hydroxynonenabtgn adducts in
Parkinson disease. Proc Natl Acaci 1996; 93: 2696-2701.

Zee RYL, Cook NR, Cheng S, Reynolds R, Erlich H&dpaintner K, Ridker PM.
Polymorphism in the P-selectin and interleukin-sege as determinants of

249



stroke: a population-based, prospective genetidysisa Human Molecular
Genetics 2004; 13(4): 389-396.

Zhang J, Deng J, Zhang C, Lu Y, Liu L, Wu Q, ShaoZffang J, Yang H, Yu B,
Wan J. Association of GSTT1, GSTM1 and CYP1Al payphisms with
susceptibility to systemic lupus erythematosus ha Chinese population.
Clinica Chimica Acta 2010; 411: 878-881.

Zhong SL, Zhou SF, Chen X, Chan SY, Chan E, Ng ®van W, Huang M.
Relationship between genotype and enzyme activityglotathione S-
transferases M1 and P1 in Chinese. Eur J Phar086i; 28: 77-85.

Zhu H, Jia Z, Mahaney JE, Ross D, Misra HP, TrushA, Mi Y. The highly
expressed and inducible endogenous NAD(P)H:quirexigoreductase 1 in
cardiovascular cells acts as a potential superosichevenger. Cardiovasc
Toxicol 2007; 7: 202-211.

Ziegler DM. Flavin-containing monooxygenases: gdialmechanism and substrate
specificities. Drug Metab Rev 1988; 19: 1-32.

Zimniak P, Nanduri B, Pikula S, Bandorowicz-PikdlaSinghal SS, Srivastava SK,
Awasthi S, Awasthi YC. Naturally occurring humanigithione S-transferase
GSTP-1 isoforms with isoleucine and valine in gositl04 differ in enzymic
properties. Eur J Biochem 1994; 224(3): 893-899.

Zuntar |, Kalanj-Bognar, Topic E, Petlevski R, @tedvic M, Demarin V. the
glutathione S-transferase polymorphisms in a conpapulation and in
Alzheimer’s disease patients. Clinical Chemistrygl draboratory Medicine.
2004;42(3):334-339.

250



APPENDIX A

INFORMED CONSENT FOR PATIENTS

Inme-felghastalg icin risk olusturan faktérleri bulmak izere yeni bir siiama
yapmaktayiz. Argtirmanin  ismi  "Paraoksonaz 1l'in gen ve aktivite
polimorfizmlerinin iskemik inme riski ile ifkisinin argtiriimasi” dir. Sizin de bu
aragtirmaya katilmanizi 6neriyoruz. Bu anamaya katilip katilmamakta serbestsiniz.
Calsmaya katilim gonullilik esasina dayahdir. Karadan o©nce asdrma
hakkinda sizi bilgilendirmek istiyoruz. Bu bilgilerokuyup anladiktan sonra
argtirmaya katilmak isterseniz formu imzalayiniz. #nanaya davet edilmenizin
nedeni sizde bu hastgin bulunmasidir. Size gerekli tetkikleri yaptiktaanra bu
hastalik icin kabul gérmiiklasik bir tedavi bgayacaiz. Eger argtirmaya katiimayi
kabul ederseniz Prof.Dr. Okay Vural, Doc.Beref Demirkaya ve Uz. V. Semai
BEK veya onlarin gorevlendirege bir hekim tarafindan muayene edilecek ve
bulgulariniz kaydedilecektir. Bu ¢gitnayl yapabilmek icin kolunuzdan 10 ml (2 tip)
kadar kan almamiz gerekmektedir. Bu kandansigeda kullanilacak olan tetkikler
calisilacaktir. Bu caimaya katilmaniz icin sizden herhangi bir tGcretnisteyecektir.
Calismaya katildginiz icin size ek bir 6deme de yapilmayacaktir. Kdumi sizin
hastalginiz klinik takibi sirasinda alinacak kanlar alinken 2 tup fazladan

alinacaktir. Dolayisi ile size ek bifem yapilmayacaktir.

Yapilacak argtirmanin getirecgi olasi yararlar: Boyle bir analiz hastaiiniza
sebep olan beyin damarlarinizin tikanmasina yoh aggya damarinizin tikanmasi

icin risk olusturan faktorleri tespit edilmesiningtenilmesinde yararl olacaktiu
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anda bu ¢cagmanin hemen size bir fayda olarak déniup donmeyeicbilmiyoruz.
Ancak ilgili hastalgin temelinde yatan nedenlerigrénilmesinde ve gelecekte yeni
tedavi yaklaimlarinin gelgtiriilmesi, bu hastalik gecirme riski olan hastatari
onceden tespit edilmesi ve belki de hastalik gesitem dnce onlem alinmasinda
fayda sglayacaktir.

Bu calsmaya katilmayi reddedebilirsiniz. Bu ginamaya katilmak tamamen
istege balidir ve reddetgiiniz takdirde size uygulanan tedavide yada bunasmmas
Klinigimizde size kan davranglarimizda herhangi bir @esiklik olmayacaktir. Yine

calismanin herhangi birsamasinda onayinizi gekmek hakkina da sahipsiniz.

Hastanin Beyani

Sayin Prof Dr. Okay Vural, Doc.Dgeref Demirkaya ve Uz.©V. Semai BEK
tarafindan Gulhane Askeri Tip Akademisi Noroloji glim Dali'nda tibbi bir
aragtirma yapilacar belirtilerek bu argtirma ile ilgili yukaridaki bilgiler bana
aktarildi. Bu bilgilerden sonra boyle bir siiamaya “katilimci” olarak davet edildim.
Eger bu argtirmaya katilirsam hekim ile aramda kalmasi gerdbama ait bilgilerin
gizliligine bu argtirma sirasinda da bluyuk 6zen ve saygl ile yadklegzina
inantyorum. Aratirma sonuclarinin@tim ve bilimsel amaclarla kullanimi sirasinda
kisisel bilgilerimin ihtimamla korunaga konusunda bana yeterli giiven verildi.
Arastirma icin yapilacak harcamalarla ilgili herhangi parasal sorumluluk altina
girmiyorum. Bana da bir 6deme yapilmayacaktir.

Ister dgrudan, ister dolayli olsun atama uygulamasindan kaynaklanan
nedenlerle meydana gelebilecek herhangi b#lilsasorunumun ortaya c¢ikmasi
halinde, her turll tibbi midahaleningtnaca konusunda gerekli glivence verildi.
(Bu tibbi mudahalelerle ilgili olarak da parasal lguik altina girmeyecgm).

Bu argtirmaya katilmak zorunda gém ve katilmayabilirim. Aratirmaya katilmam
konusunda zorlayici bir davrata kagilasmis degilim. Eger katilmayi reddedersem,
bu durumun tibbi bakimima ve hekim ile olanskime herhangi bir zarar
getirmeyecgini de biliyorum.

Bana yapilan tum aciklamalari ayrintilariyla ankarbulunmaktayim. Kendi

basima belli bir diginme slresi sonunda adi gecen bustaraa projesinde
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“katiimc1” olarak yer alma kararini aldim. Bu katau yapilan daveti buyidk bir

memnuniyet ve gonulliluk icerisinde kabul ediyorum.

Katihmci
Adi, soyadi:
Adres:

Tel:

Imza:

Gorisme tangl
Adi, soyadi:
Adres:

Tel:

Imza:

Katilimci ile goriisen hekim
Adi soyadi, unvani:

Adres:

Tel:

Imza:
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APPENDIX B

INFORMED CONSENT FOR CONTROLS

Arastirma beyin damar tikanmasi sonucusalufelc-inme hastalina sebep olan
veya katkida bulunan durumlarin ortaya konmasimeel bir calsmadir.inme-felg
icin risk olusturan birgok hastalik ve durungu an igin biliyoruz. Bizim yapagamiz
calisma bunlarin dinda da bu hastalik icin risk glurabilecek faktorlerin olup
olmadginin aratiriimasidir. Bu amacla kanda yuksekgyaluktaki y& proteinine
(HDL) bagh olarak bulunan ve eksiginde damar serfli ve sonugta damar
tikanmasina sebep olabilen paraoksonaz 1 ve besrzamlerin aktivitesi ve genetik
durumu incelenecektir. Yapaganiz calsma daha dnce temelde ayni mekanizmaya
dayanan kalp krizi icin yapilmive anlamli sonuclar bulunmgtur. Bu klem igin
sizden 2 tup 10 ml kan alinacak ve galalar buradan yapilacaktir. Kan alimi sizin
hastalginizin klinik takibi sirasinda alinacak kanlar hielikte alinacak ve size ek bir
islem yapilmayacaktir. Sizden 2 tip kan alimgirtla her hangi birgsiem veya bu
calismayla iliskili ek bir tedavi yapiimayacaktir. Asarma sirasinda o$abilecek
herhangi bir zararli durumu yoktur. Sizden sadeae klinacaktir. Ardirmaya
gonulli olarak katilmaktasiniz ve gimamaya katilmakta tamamen serbestsiniz.
Calismada yer alacak gonulli sayisi yakkal50 hasta ve 150 @kl kisi olacaktir.
Calsmada yer ald@nniz ve bilimsel gelimelere katkilarinizdan dolay sekkir

ediyoruz.
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Aciklamalari Yapan Arastirmacinin
Adi, Soyadi:
Gorevi:

Imzasi:

Aciklamayi basindan sonuna kadar taniklik eden ksinin
Adi, Soyadi:
Adresi:

Imzasi:

Calismaya katilan génulltntn
Adi, soyadi:
Adres:

Imzasi:
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APPENDIX C

ETHICAL COMMITTEE APPROVAL FORM

HIZMETE OZEL

TiC.

B GENELKURMAY BASKANLIGI .

GULHANE ASKERI TIP AKADEMIiSi KOMUTANLIGI
ANKARA

: - <2 T Subat 2008
Y. ETIK KRL. : 1491 v;é,?': 08
KONU : GATA Etik Kurulu

Dog. Dr. Seref DEMIRKAYA

20 Eylal 2005 tarihli 43. Oturumda GATA Etik Kurulundan onay almis olan
“Paraoksonaz 1’in Aktivite ve Gen Polimorfizmlerinin iskemik Strok Uzerindeki
Etkisinin Arastinnlmasi” baslikli galismanin adinin “HMG-Co Rediiktaz, Lesitin Kolesterol
Asetil Transferaz, GST Transferazlar, Lipoproteinler ve Sitokrom P450 Enzimlerinin
Genetik Polimorfizmlerinin iskemik Strok Uzerindeki Etkisinin Arastinimasi” olarak
degdistiriimesi ile ilgili protokol dedisikligi basvurunuz ile ilgili, GATA Etik Kurulu'nun karari
EK’tedir.

Rica ederim.

Ali Ugur URAL

Prof. Tbp. Kd. Alb.
GATA Etik Kurulu Baskani

EK 2
1 Adet Etik Kurul Raporu

HIZMETE OZEL
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T
i GENELKURMAY BASKANLIGI )
GULHANE ASKERI TIP AKADEMiS| KOMUTANLIGI
ETiK KURUL TOPLANTI RAPORU

OTURUM NO - 103

OTURUM TARIHI : 15 Subat 2008

OTURUM BASKANI : Prof. Tbp. Kd. Alb. Ali Ugur URAL
OTURUM SEKRETERI : Dog. Dr. Ecz. Kd. Alb. Adnan ATAG

GATA Etik Kurulu'nun 15 Subat 2008 giini yapilan 103. oturumunda; GATA Néroloji AD’dan
Doc¢.Dr. Seref Deirkaya’nin sorumlu arastirmaciligini yaptigi 20 Eylil 2005 tarihli 43.
Oturumda GATA Etik Kurulu'ndan onay almis olan “Paraoksonaz 1’in Aktivite ve Gen
Polimorfizmlerinin iskemik Strok Uzerindeki Etkisinin Arastiriimasi” baslikli calismanin
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APPENDIX D

BUFFERS AND SOLUTIONS

Tris-HCI, pH 8.0 (100 mM)
12.1 g Tris was weighed and dissolved in 700 miilefO. pH was adjusted to 8.0
with concentrated HCl and volume was completedLlto Solution was autoclaved

for sterilization and stored at@.

EDTA, pH 8.0 (500 mM)
186.1 g NaEDTA.2H,0 was weighed and dissolved in 700 mL@HDissolution of
EDTA was achieved by adjusting the pH to 8.0 with¥. Volume was completed

to 1L. Solution was autoclaved for sterilizatiordatored at 2C.

TKME (Tris-KCI-MgCl ,-EDTA) Buffer, pH 7.6
10 mM Tris-HCI (pH 7.6), 10 mM KCI, 4 mM Mggl2 mM EDTA. Solution was

autoclaved for sterilization and stored &t4

Saturated NaCl (6M)
3.5064 g NaCl was weighed and dissolved in 10 ndterfilized dHO. Solution was

autoclaved for sterilization and stored at4

TE (Tris-EDTA) Buffer, pH 8.0
10 mM Tris-HCI (pH 8.0), 1 mM EDTA (pH 8.0). Solah was autoclaved for

sterilization and stored at@.
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TBE (Tris-Borate-EDTA) Buffer, pH 8.3

5x stock solution: 54 g Trizma-base and 27.5 g boric acid were weighed
dissolved in appropriate amount of water. 20 ml5060 mM EDTA (pH 8.0) was
added. pH was set to 8.3. Volume was completedLtoSblution was autoclaved for
sterilization and stored at room temperature.

0.5x solution: the stock solution was diluted 10 times with steedl dHO prior to
use to achieve 45 mM Tris-borate, 1 mM EDTA.

Ethidium bromide (10 mg/mL)

0.1 g ethidium bromide was dissolved in 10 mL,@H Solution was stirred on
magnetic stirrer for several hours to ensure tlyat litad completely dissolved. As
this solution is light sensitive, the bottle waveeed with aluminum foil and stored

at room temperature.

Gel loading dye

0.25% bromophenol blue, 40% sucrose in sterilizdgd solution is stored af@.

PCR Amplification Buffer (10x) (Fermentas)
100 mM Tris-HCI (pH 8.8 at 2&), 500 mM KCI, 0.8% Nonidet P40. This buffer
and 25 mM MgC] solution were supplied together with Tag DNA pognase. The

solutions were stored at -20.

dNTP Mixture (Fermentas)
10 mM of each dATP, dCTP, dGTP and dTTP in agusoligion.The solution was

stored at -2€C.

Buffer O (digestion buffer of Pst) (Fermentas)
50 mM Tris-HCI (pH 7.5 at 3C), 10 mM MgC}, 100 mM NaCl, 0.1 mg/mL BSA.
This buffer was supplied together with the resittenzymePstl. The restriction

enzyme and buffer were stored at°@0
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Buffer Tango (digestion buffer of Rsd, Dral, Ddd, Banll, Pdil, BsmA, Drall)
(Fermentas)

33 mM Tris-acetate (pH 7.9 at ®7), 10 mM Mg-acetate, 66 mM K-acetate, 0.1
mg/mL BSA. This buffer was supplied together witte trestriction enzymeRsal,
Dral, Ddel, Banll, Pdil, BsmAl, Drall. The restriction enzymes and buffers were

stored at -2¢C.

Buffer R (digestion buffer of Hinfl) (Fermentas)
10 mM Tris-HCI (pH 8.5 at 3C), 10 mM MgC}, 100 mM KCI, 0.1 mg/mL BSA.
This buffer was supplied together with the reswittenzymeHinfl. The restriction

enzyme and buffer were stored at°@0

Gene Ruler 50 bp DNA Ladder (0.5 mg DNA/mL) (Fermetas)

This commercial DNA ladder was prepared from a splgadesigned plasmid pEJ3
DNA, containing pUC,A phage and yeast genome sequences. The ladder was
dissolved in storage buffer (10 mM Tris-HCI (pH){.6 mM EDTA).

6x Loading Dye Solution:0.09% bromophenol blue, 0.09% xylene cyanol FF, 60%
glycerol, 60 mM EDTA.

The ladder was prepared by mixing DNA ladder: 6xdiog dye solution: dyD in
1:1:4 ratio, mixed well and applied to the gel. TB&IA ladder contained the
following discrete fragments (in base pairs):

1031 900 800 700 600 500 400 300 250 280 100 50
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APPENDIX E

LIST OF STUDY POPULATION

Table E.1 List of study population composed of 245 strokegmaéis and 145 controls including demographic attarsstics, lipid
parameters, CYP2E1*5B, CYP2E1*6, CYP2E1*7B, FMO37@4, FMO3 A923G, NQO1*2, GSTP1 A313G, GSTM1, GSTT1,
NOS3 G894T, NOS3 T-786C and NOS3 intron4 VNTR ggpes. P: Patient; C: Control; M: Male; F: Female;Y¥¢s; N: No.

Demographic Characteristics Lipid Parameters Genotyps
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1 P75 M Y Y Y N [3.094 1.281 1.846 0.615 clcl DD GG AA AA CC AA Nul NuGG TT bb
2 P57 F Y Y N N|[5460 1.528 3.385 1.3p8 clcl DD GG GG AA CT GG Piesé&ul GT TC bb
3 P41 M N N Y N |4316 1.573 2.667 0.8f2 clcl DC GG GG AA CC AA Nul IINGG TT bb
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Table E.(continued).

Demographic Characteristicg Lipid Parameters Genotyps
2
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4 P73 M Y N N N |[3718 0.719 1.897 1.462 clcl DD GG AA AG CT AA Nul eBent GT TT bk
5 P53 M Y Y N N |10.426 2.596 7.590 1.513 clcl DD GG AA AA CC AA Null uN GT TT bb
6 P66 M Y Y Y N [3.380 1.416 2.179 0.513 clcl DD GG AA AA CC AG PrasBresent GT TT bl
8 P56 F Y Y N N |[3588 2.382 1.795 0.9y4 clc2 DC GG GG AA CC AA Nul esamt GT TC bk
9 P54 M Y N Y N |[5200 2.438 2.949 1.077 clcl DC GT GG AA CC AA PréseNul GG TT bb
10| P67 F Y N N N|5434 1.191 3.564 1.266 clcl DD GG GA AA CT AA Pntderesent GG TT b
11 | P76 M Y N Y N |4.030 0.764 2.333 1.282 clcl DD GT GA AG CC AG Pmedtresent GG TC ap
12 | P78 F Y Y N N|3.692 1.539 2.026 0.9p3 clcl DD GG GA AA CT AA NulreBent GG TT bl
13| P75 F Y N N N|4.732 1.169 3.256 0.872 clcl DD GG GA AA CC AA Nulregent GT TC bl
14 | P74 F Y Y N N |4.342 0.697 2.744 1.2B1 clcl DD GG GA AA CT AG Nulregent GT TT bk
15| P[68 F Y N Y N|3.640 2.270 1.923 0.641 clcl DD GG AA AA CC AG Nul ulN GG TC ab
16 | P 72 F N N N N|6.656 2.843 4.231 1.026 clc2 DC GG GG AA CT AA Rreseesent GT TT bb
199 | P73 F Y Y N N|5382 2270 3.205 1.0f7 clcl DD GG GG AA CC AA Nulresent GT TC bb
20| P 73 F Y N N Y |4680 0.989 2.744 1.410 clcl DD GG GA AA CC AG Pmestresent GT TC bp




Table E.(continued).
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Demographic Characteristicg Lipid Parameters Genotyps
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21 | P67 F Y N N N|5408 1.393 3.667 1.0p6 clcl DD GG GG AA CC AA RresdNul GT TC bb
23| C| 710 M Y N N N |[3.848 1.337 2.103 1.0f7 clcl DD GG GA AA CT AA PrasBresent GT TC bp
24 | P61 M Y Y N N (4394 1.371 2.769 0.949 clcl DD TT GG AA CC AA NulreBent GT TC ab
25| P40 M N N Y N {3770 1.169 2.000 1.205 clcl DD GT AA AA CC AG NulreBent GT TC ab
26 |C|61 F Y N N N|[3.380 0.933 1.179 1.744 clcl DD GG GA AG CC AG Rregresent GG TC ab
27 | P60 F Y Y N Y [4.992 1.685 3.051 1.1p3 clcl DD GG GA AA CT AA Preseresent GT TT ap
29 | P75 M N N N N/{[{4550 1.079 1.821 2.1f/9 clcl DD GG GG AA CC AA Nulresent GG TT bb
30| Pl 76 F Y N N N|[3224 1517 1.282 1.1)79 clcl DD GT GA AG CC AA Pmestresent GT TC bp
31| C|76 M Y Y N N |[3432 1.045 1.897 1.000 clcl DD GG GG AA CT AG Pntderesent GT TC bp
32| C|51 M N N Y N|[3692 1.292 2.128 0.897 clcl DC GG AA AA CC AA PrasBresent GT TC bp
33| C|50 F N N N N|[3.614 2022 1.872 0.769 clcl DD GG AA AA CC AA NulreBent GG TT blp
34| Cl42 F N N N N|[2704 1.270 1.462 0.6(15 clcl DD GG AA AA TT AA PrasBresent GG TT bp

35| C|45 F N N Y N|[3.666 0.596 1.872 1.4p2 clcl DD GG AA AG CC AG Nul ulN GT TT bb

36 | Pl 70 M Y N N N|[3.016 0.820 1.513 1.0f7 clcl DD GG AA AG CT AG PneseNul TT TT bb
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Table E.(continued).

Demographic Characteristicg Lipid Parameters Genotyps
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37 | Pl 76 M N N Y N [3.328 1.393 1.872 0.7p9 clcl DC GG GG AA TT AA Prnederesent GT TT bb
3| C|63 M Y Y Y N (3042 1.124 1.538 0.949 clcl DD GG GA AA CC AA Nul reBent GG TT bb
40 [ C| 63 F N N N N|[5200 2.483 3.128 0.872 clcl DD GG GA AA CT AG Nul ulN GG TT bb
42 | C| 75 M Y Y N N |4.732 1.719 2.564 1.308 clcl DD GT GA AA CC AA PmsPresent GG TT bp
43 |C|58 F Y N N N|2704 1.090 1.103 1.0f/7 clcl DD GG GG AA CT AA Nulresent GT TC bb
44 | C| 78 F Y N N N|[3.614 1.067 1.821 1.2b6 clcl DC GG GG AA CC AG Nullesent GG TT bl
46 [ C| 74 M N N N N (4342 0.921 2.564 1.3p8 clcl DC GG GA AA CT AA NulreBent GG TT ab
47 | P72 M Y N N N [5382 2607 3.231 0.8p7 clcl DD GG AA AA CC AA PrasBresent GT TT bb
48 | C| 32 M N N Y N [6.006 3.247 3.333 1.103 clcl DC GG AA AA CT AA Nul reBent GG TT ab
49 [ C| 30 F N N N N|5148 1.101 2.897 1.6p7 clcl DD GG AA AA CC AA NulreBent GG TT ab
50 | C| 61 M N N N N |5928 1.865 3.974 1.0P6 clcl DD GG GG AA CT AA Null ulN GG TC ab
51| C|8 M Y N N N |[3.094 1.798 0.615 1.615 clcl DD GG GG AA CT AA Prederesent GG TT bp
52 | C| 65 F N Y N N|[6.110 1.416 3.231 2.1p4 clcl DD GG GA AA CT AG Nulresent GT CC ab
53| C| 65 M N N N N |[4.966 0.640 3.282 1.3B3 clcl DD GG GA AA CT AG Nul ulN GT TT bb
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Table E.(continued).

Demographic Characteristicg Lipid Parameters Genotyps
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54| C|58 M N Y Y N [5954 1.202 4.333 1.000 clcl DD GG GG AA CT AA NulireBent GT TT bk
55| C|61 F N N N Y |[6.812 1.831 4.359 1.503 clcl DD GG AA AG CT AA Nul uN GT CC ab
56 |C| 80 F Y N N N|[6.058 2.270 2.128 0.6[L5 cl1cl DD GT GG AA CT AG Pmestresent GG TC ab
571 C|8 F N N N N|[3354 0.708 1.179 1.8P1 clcl DD GG AA AA CT AG Nulregent GG CC a
58 | C|67 F Y Y N N|[3926 1.427 2.179 1.0b1 clcl DD GT GG AA CT AA Nul ulN GG TT ab
50 | C| 76 M N N N N |[6.006 2.315 3.667 1.2p5 clcl DD GG AA AG CT AG Pntderesent GT TT b
60 [C[66 M Y Y N N |4.108 1.427 2.513 0.897 clcl DD GG GG AA CT GG Nul ulN GG TT bb
61| P61 M N Y N N |3.848 1.618 1.949 1.1p3 clcl DC GG GG AA CT AG Nulresent GG TT a
62 | C|69 F Y N N N|[3926 1.764 1.897 1.1)y9 clcl DD GG GG AA CT AG Nulresent GG TT bk
63| C| 66 M N Y Y N [6.968 3.921 4.103 0.974 clcl DD GG AA AA CT AA Nul rd3ent GT TT bk
64 | C|60 F Y N N N|[4966 1.382 3.103 1.1p4 clcl DD GG GG AA CT GG RrtebBeesent GT TC ap
66 | P] 64 F N N Y Y |[4316 1.056 2.538 1.2B1 clcl DD TT GG AA CT AA PreseNul GT TT bb
67 | P[ 58 F Y Y N N/|9.100 4.045 5.846 1.2B2 clcl DD GG GG AA CT AA Pneseresent GT TC b
68 | Pl 74 F Y N N Y |6.266 1.730 4.154 1.2B1 clcl DD GG AA AA CT AG Prederesent GT TT b
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Table E.(continued).

Demographic Characteristicg Lipid Parameters Genotyps
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69 |C| 7). M N N N N {4290 1.573 2.051 1.410 clcl DD GG AA AG CT AA NulreBent GT TC bb
71| P| 8 F Y N N Y|[3770 0.966 2.308 0.974 clcl DD GG AA AG CT AA NulreBent GG TT blp
72 | P62 M Y Y N N |4.888 1.202 3.282 1.000 clcl DD GG AA AA CT AA Pmesresent GG TC bb
73|/ C| 68 M N N N N|5460 1.292 3.154 1.641 clcl DD GG GG AA CT AA Pntderesent GT TC bp
741 C|65 F N N N N|[5200 1.764 3.154 1.179 clcl DC GG GG AA CT GG Nulesent GT TT bb
76 | C| 72 F Y N N N|6.084 1.674 4.051 1.1f79 clcl DD GG AA AG CT AG Nullregent TT TT bf
77| C|65 M N N N N|3.042 0.899 1.641 0.949 clcl DD GG GG AA CT GG Rreseesent GT TT bb
78| C| 63 F Y Y N Y |5018 3.685 1.692 1.103 clcl DC GG GG AA CC AG Rreswesent GG TT
79 |1 C|70 F N N N N|4.862 1.483 3.026 1.103 clcl DD GT GA AA CT AA NulreBent GG TT b
80 |C|70 F Y N N N|[5252 1.180 3.333 1.3Pp8 clcl DC GG AA AA CC AA Prederesent GG TT b
81| C|65 F Y N N N|5954 1.764 3.769 1.3P8 clcl DD GG GG AA CC AA PmeseNull GT TT bb
82 | P63 M Y N N N |[3.406 1.000 1.846 1.0p1 clcl CC GG GG AA CC AG Nulredent GT TT b
83|C|65 F Y N N N/([{4524 1.270 2.179 1.6P2 clcl DD GG AA AA CC AG Pnederesent GT TC b
84 | C| 78 F Y N N N |4394 1.247 2.385 1.3B5 clcl DD GG GA AG CC AA Nulresent TT CC a




L9¢

Table E.(continued).

Demographic Characteristicg Lipid Parameters Genotyps
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85| P68 M Y N N N |[4.446 0.899 2.436 1.588 clcl DD GG AA AA CT AA NulreBent GT TC a
86 | C| 47 M N N N N |[6.266 3.056 3.333 1.4p2 clcl DC GG AA AA CC GG Nulresent GG TT bk
87 | Pl 77 F Y N N N|[5070 1.067 3.513 1.0p0 clcl DD GG AA AA CC GG Nulresent GG TT bk
88 |C|77 F Y Y N N|[4.056 0.978 2.641 0.923 clcl DD GG AA AA CC AA NullreBent TT TC bk
89 | P8 F Y N N N|[{5226 1.056 3.077 1.5P0 clcl DD GG AA AG CC AG Nul ullN GT TC bb
M |(C| 7. M N N N N |[4368 1.472 2.308 1.3B3 clcl DC GG AA AG CT AG Nul ulN GT TC bb
91 [ P[55 M Y N N N |4.082 1.393 2.436 0.949 clcl DC GG AA AA CT AG Nul ulN GG TT bb
92 |C| 73 M Y N N N [3.640 2.472 1.949 0.513 clcl DD GG AA AA CC AG Preseresent GT TT b
93| C|61 M N N Y N |[4680 0.393 2.923 1.513 clcl DD GG AA AG CC GG Nul ulN GG TC ab
94 | C| 37 M N Y N N (4784 1.348 2.821 1.282 clcl DD GG GG AA CT AA Prmederesent GT TT b
% | P62 M N N N N|[3692 1.011 1.385 1.1p3 clcl DD GG AA AG CT AG Nul ulN GT TT bb
96 | P 77 M N N N N |[3.822 0.607 1.744 1.744 clcl DD GG AA AA CT AA NullreBent GG CC b
97 | P24 M N N N N/|[6.110 2.865 3.667 1.0p1 clcl DD GG AA AA CC AA NulreBent GT TC a
98 | P53 F N N Y N|2496 2.157 0.590 0.897 clcl DD GG AA AG CC AA Nul ulN GG TC ab
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Table E.(continued).

Demographic Characteristicg Lipid Parameters Genotyps
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Q| P[61 M N N N N/|4836 1.596 3.103 0.949 clcl DD GG AA AG CC AA Pntderesent GT TT bb
101 C[{ 52 M N N N N|6.942 1.157 4.692 1.6{l5 clcl DD GG GG AA CC AA BnesPresent GT TC gb
102 P 78 M Y N Y N |5.226 2.056 3.077 1.1p8 clcl CC GG GG AA CC AA emedresent GT TC bp
103 C[ 65 M N N N Y |4.160 0.854 2.897 0.821 clcl DD GG AA AA CT AG rasPresent GT TC 4gb
106 P[ 80 F Y N N Y |2730 1.270 1.462 0.641 clcl DD GG AA AA CC AA RrmsPresent GG TT bb
107 C{ 50 F Y N N N|3.198 0.854 2.154 0.615 clcl DD GG AA AA CT AA RmtsPresent GG TT bp
108/ C[{ 87 F Y N N Y |2756 1.022 1.385 0.8f/2 clcl DD GG AA AA CC AA NuPresent GT TT bb
109 C[ 67 M N N N N |4.368 1.146 2.103 0.1p4 clcl DD GT GA AA CT AG Pkrés Nul GT TC ab

111 C{ 38 M N N Y N |4.784 0.562 2.846 1.6[5 clcl DC GG GA AA CC AG NulNull TT TT bb

112 C[ 50 M N N N N |3.822 0.618 2.026 1.4p2 clcl DD GG GA AA CT GG NulNul GG TT ab

113 P[ 75 F Y N N N| 2860 0.652 1.333 1.179 clcl DD GG GA AG CC AA @emes Nul GT TT bb
114 P[ 26 M N N N N|4.212 1.067 2.051 1.6115 clcl DD GG GA AA CC AA EresPresent GG TT 4gb
115 P 55 M Y N N N |5.044 0.933 3.154 1.3B5 clcl DD GG GG AA CC AA Bmeresent GG TC gb
116 P[ 26 M N N N N|4.056 0.719 2.923 0.744 clcl DD GG GG AA CC AA Nulresent GT TC ap
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Table E.(continued).

Demographic Characteristics Lipid Parameters Genotyps

2

f *‘% g : N & = Q <>r

£ 5 8 o 3 3|8 .28¢8 3 S 8 5
S 2 v o S 2 5 g2|i% 553 8 o < S o E
2 g 2 £ £ 2|0 8 6 0|dHYLSESE I £ aao
o T ¢ 8% 9|l = I Ll @ AaQ0O00OF E E 9©O9
cB1% & &£ &8 € 8| 8 2 A ol >3 00n o0 » O O O
zle|lT o T a5 6 0|2 FE 8 T|OdbdbEggzo 0o o zzz
117\ P 73 F Y N N N|4.004 1.135 2.538 0.897 clcl DD GG GG AA CC AA emedresent GT TT b
119 C{ 80 F N Y N N|3.978 1.382 1.974 1.308 clcl DC GG GA AA CC AA NulNul GT TC bb
120 P 36 M N N N N|4.862 1573 2.974 1.103 clcl DD GG GG AA CC AA emedresent GG TT b
121 P[ 56 M N N N N|4.342 1.225 2.564 1.1p4 clcl CC GG GA AA CC AG @mesNull GG TC al
122 P 47 F N N N N| 4.784 1.382 3.154 0.923 clcl DD GG GG AA CT AA emedresent GG TT by
126 P[ 73 M Y Y N N |5.148 2517 3.026 0.8D7 clcl DD GT GA AA CC AA RmtsPresent GG TT b
127\ P 73 F Y N N N| 4004 1.135 2.538 0.897 clcl DD GG GG AA CT AA Enedresent GT TT b
128/ P 66 F N N N N| 3.354 2.787 1.487 0.538 clcl DC GG GA AG CC GGenteRresent GT TC 4
129 P 74 F Y N N N|5980 1.427 3.949 1.308 clcl DC GG AA AA CC AA eresPresent GG TT b
130 C{ 44 M N N Y N |5200 2.382 2.462 1.590 clcl DD GG GG AA CC AA Nukresent GT TC b
131 C{ 51 F N N N N|4368 0.573 2.821 1.231 clcl DD GG GA AA CT AG emedresent GG TT b
132/ C[ 67 M Y N N N |4.472 1.663 2.590 1.051 clcl DD GG GA AG CC AG emedresent GT TC b
133 C{ 73 F Y Y N N |5902 2.315 3.667 1.1p3 clcl DD GG GA AA CT AG Nukresent GT TT b
134/ C[ 88 F Y N N N|4.004 0.798 2.564 1.0p6 clcl DD GG GA AA CC AG emedresent GG TT 3
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136 P| 66 M Y Y N N |3.354 2.854 1.256 0.7444 clc2 DC GG GG AA CC AG Ntlresent GG TT ap
138 P 61 F Y Y N N|3.224 2.000 1.615 0.641 clcl DD GT GG AA CC AA Nultiresent GT TC bb
139 P 78 M N N Y N |[3.380 1.236 1.795 1.0p6 clcl DD GG AA AG CC AA lresPresent GG TC 3gb
140 C{ 59 M N N N N |4.082 1.236 2.308 1.1p4 clcl DD GG AA AA CC AA RmtsPresent GT TC bp
141 C{ 69 F N Y N N|6.266 1.337 4.026 1.538 clcl DD GG AA AA CC AA RmsPresent GT TC bp
142 P 80 M Y N N N |7.904 0.831 6.128 1.2B2 clcl DD GT GG AA CC AA NulNul GT TT bb
143 P 76 F Y Y N N|4.108 1.236 2.513 0.974 clcl DD GG AA AA CC AG Brés Nul GT TT bb
144 P 79 F Y N N N| 5252 1.528 3.308 1.179 clcl DD GG GA AA CC AA Nultlresent GT TC bb
146 C{ 51 F N N N N| 2860 1.011 1.385 0.974 clcl DD GG GG AA CT AA Nulresent TT TC bb
147, P[22 M N N N N|3.874 0.933 2.564 0.821 clcl DC GG GG AA CC AG énePresent GT TC bp
148/ P 76 M N N N Y |5.018 1.191 3.385 1.0p6 clcl DD GG GA AA CC AA Nupresent GT TC bb
150 C{ 35 M N N Y N |3.848 1.281 2.026 1.1y9 clcl DD GG GG AA CC AA Nukresent GG TT bb
151 P[ 286 M N N Y N |3.926 1.640 2.000 1.1p8 clcl DD GT GG AA CT AA lresPresent GT TC gb
152 P[ 20 M N N Y N |4.316 0.899 2.564 1.2B2 clcl DD TT GG AA CC AA NuPresent GG TT bb
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153 P[ 80 F Y N N N|5018 2.820 2.205 1.462 clcl DD GG GA AA CC AG emedresent GG TC gb
154 P[ 64 F Y N N N|3770 1.618 1.974 1.000 clcl DD TT GA AA CT AA NuPresent GG TT bb
155/ P[ 72 M N N Y N |4.940 0.910 3.385 1.0f7 clcl DD GG GG AG CT GG dntePresent GT TT bb
156 P| 67 F Y Y N Y |10.166 2.539 7.615 1.256 clcl DD GG GG AA CC AGsPme Present GG TT Qb
157 P[ 58 F Y Y N N|7.124 2.876 4.333 1.385 clcl DD GG GG AA TT AG Enedresent GT TC gb
158/ C{ 77 M N N N N |4.654 1.876 2.051 1.1y9 clcl DD GT AA AA CC AA NuPresent GT TC bb
159 P[ 499 M N N Y N |5876 2.292 3.564 1.1/9 clcl DD GG GG AA CC AA Nultresent GT TC ap
161 P 78 F N N N N| 4.628 0.989 2.641 1.462 clcl DD GG AA AA CT AG Nultiresent GT TC ap
162l P 65 M N N N N|4.004 1.843 2.026 1.077 clcl DD GG AA AA CC AA msPresent GT TT bb
163 P| 75 M Y N N N |[5.070 1.596 3.333 0.949 clcl DD GG GG AA CT AA emedPresent GT TT bp
164 P 79 M N N Y N |2730 0.899 1.385 0.8p7 clcl DD GG AA AA TT AG PRmtsPresent TT TC ap
165 P| 73 F Y Y N N|7.566 3.539 5.256 0.5P0 clcl DD GG GA AA CC AG emedresent TT CC bb
167 P[ 25 M N N N N|4.602 1573 2.744 1.103 clcl DD GG GA AA CT AG BresPresent GT TC bb

168/ P[ 73 M Y N N N |5.070 0.888 3.051 1.588 clcl DD GG GA AA CC AA NuPresent GT TC b
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169 Pl 74 M Y N N N |3.328 1.326 1.795 0.8f2 clcl DC GG GA AA CC AA Nukresent GT TT bb
170 P 78 F Y Y N Y |4.706 1.551 2.795 1.1p8 clcl DD GG AA AA CT AA RmeaisPresent GG TT bb
172 P[ 56 M Y Y N N |4.602 1.764 2.692 1.0p1 clcl DD GG GG AA CC AA Nukresent GT TC bb
173 P| 67 M Y N N N |[4.290 1.730 2.282 1.1p3 clcl DC GG GG AA CC AA Nutresent GT TC bb
174 P 74 M Y N N N |4.394 2.258 2.026 1.2B2 clcl DC GG AA AA CC AA NuPresent GT TT bb
175 P 64 M Y Y N N |4.368 1.910 2.385 1.0p1 clc2 DD GG AA AG TT AA NuPresent GT TT ab
176 P[ 73 M Y Y N N |4.628 1.944 2.564 1.103 clcl DD GG GA AA TT AG RmsPresent GT TT bp
1770 C{ 52 F N N N N|3.822 1.124 1.872 1.385 clcl DD TT GA AG CC AA Nultiresent GT TT bb
179 P 57 M N N Y N |4.862 1.674 2.974 1.0p1 clcl DD GG GG AA CT AA eresPresent GT TT bb
180 P| 76 M N N N N|4.186 1.921 2.410 0.846 clcl DD GG GA AG CT AA Eneresent GT TT ab
181 P 61 M N N Y N |4.862 1.393 2.974 1.1y9 clcl DD GG AA AA TT AA NuPresent GT TT bb
184| C| 77 F Y N N N|4.212 2.000 2.026 1.205 clcl DD GG AA AA CT AG RrésPresent GT TT bb
185/ P| 62 F N Y N N|4.082 1.629 2.333 0.949 clcl DD GG AA AA CC AG Bnes Nul GT TT bb
186| P 73. M N N Y N |7.904 2978 5.231 1.2p5 clcl DC GG GG AA CC AA Nulresent GT TT bb
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187 P[ 63 M N N Y N |3458 1.157 1.692 1.1/9 clcl DD GG GG AA CC AG N®#Hlresent GT TC b
188 P[ 52 M N N Y N |4.108 1.101 2.769 0.7p5 clcl DD GT GA AA CT AG lresPresent GT TT b
189| C{ 79 M N N N N |5252 0.865 3.846 0.949 clcl DD GG GA AA TT AG NuPresent GT TT b
190 P| 61 F Y N N NJ|3.146 1.393 1.590 0.872 clcl DD GG GA AA TT AA PRresPresent GT TC b
191/ C| 46 M Y N Y N |7.904 2.831 5.308 1.205 clcl DD GT GG AA CC AG eresPresent GT TT
193] P 45 M N N Y N |3.926 3.742 1.308 0.846 clcl DD GG GG AA CT AG Nutresent GG TC
194 P[ 64 M N N Y N |4.316 1.090 2.641 0.923 clcl DD GT AA AA CC AA NuPresent GT CC
195 P 56 F N Y N N|7.020 3.191 4.333 1.128 clcl DD GT GG AA CC AA Nullresent GG TT b
196 P 67 M Y Y N N |[6.916 2.843 4.385 1.1p8 clcl DD GG GA AA CC AA NuPresent GT TC b
197 P[ 53 M Y N N N |7.384 3.393 4513 1.2B81 clcl DD GG AA AA CC AA reats Null GT TC bh
198/ C[{ 35 M N N N N |4.082 1.966 2.256 0.8f2 clcl DD GG AA AA TT AG NuPresent TT TC bl
2000 C{ 36 M N N N N|[3.146 0.775 1.923 0.8R1 clcl DD GG GA AA CT AG eresPresent GT TT b
201 C|{ 38 M N N Y N [4.628 1.449 2.564 1.383 clcl DD GT GG AA CT AG Nukresent GT TC b
202/ P 80 M N N N N|5720 1.337 3.744 1.282 clcl DD GT GG AA TT AA NulNul GG TT bb

o O O O

O

(=}

(=)
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203l P| 62 M Y Y N N |5564 1.236 3.667 1.1}y9 clcl DD GT GG AA CC AG Ents Nul GT TC bb
206/ C| 34 F N N Y N|[4.004 0.978 2.692 0.8R1 clcl DD GG GA AA CT AG Nutresent GT TC bb
207/ C1 41 F N N N N|3.900 1.461 2.154 1.026 clcl DD GG GA AA CT AA eresPresent TT TC bp
209 P 80 M N N N N |[5278 1.685 3.154 1.282 clcl DD GG GA AA CC AG Nufiresent GT TT ab
2100 P 61 M N N Y N |3.406 1.348 1.923 0.8[/2 clcl DD GG GA AA CT AA NuPresent GG TC
211 P 67 F N Y N N|[4.940 1.517 3.205 0.974 clcl DC GG GG AA CC AG énteBresent GG TT bb
213/ C| 48 F N N N Y |2600 0.966 1.410 0.718 clcl DD GG AA AA CT AG Nupresent GT TC b
214 P 65 F N N Y N|5772 1.180 3.821 1.333 clcl DD GG GG AA CC AA NulNul GT TT bb
215/ C| 35 F N N N N|3510 1.663 1.923 0.769 clcl DD GG GG AA TT AA NulNul GT TT bb
216 P 79 F Y Y N N|[4.264 1.685 2.641 0.705 clcl DD GT GA AA CC AG Nultresent GT TT b
217/ P61 M Y N Y N [4.706 1.202 3.051 1.0p1 clcl DD GG GG AA CC AA eresPresent GG TT bb
218 P 36 F N N Y N|[6.396 1.944 3.795 1.615 clcl DD GT AA AA CT AG Nupresent GT TC a
219 P 80 M Y Y N N |[7514 4.236 4.436 1.0p1 clc2 DC GG GA AG CC GG énePresent GG TT 4db
221 P 61 M N Y Y N [3.718 1.146 2.154 1.0p0 clcl DD GG GA AA CT AG PresPresent GT TC bb
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222/ P69 M Y N N N |[4.056 0.865 2.692 0.9p3 clcl DD GG GA AG TT AA kresPresent GT TC 4
223 P 76 F Y Y N N |[4.108 0.764 2.667 1.0p6 clcl DD GG GA AA CT AA kresPresent GT TC b
224/ P 69 F N N N N|3.198 1.112 1.795 0.846 clcl DD GG GG AA CT GG NuNul GT TT ab
225/ C| 43 F N N Y N|5772 1.843 3.513 1.333 clcl DD GG GA AA CC AA eres Null TT TC bb
226 Pl 77 M Y Y Y N |3.848 0.820 2.615 0.795 clcl DD GG GA AA CT AA NuPresent GG TT b
229/ C| 45 F N N N N|5226 2.753 2.590 1.308 clcl DD GG AA AG CC AA Bnes Null GT TT bb
231/ C| 38 F N N N N|5720 1.292 3.564 1.487 clcl DD GG GG AA CT AA EmesPresent GG TC 4
232/ P 78 F Y N N N|4.888 0.697 3.179 1.333 clcl DD GG GA AA CC AA Nultresent GT TC b
233 C| 64 F Y N N Y |6.994 1.494 4.769 1.4B6 clcl DD GG GG AA CC AG NulNul GG TC ab
234 P 58 F N N N N 4316 1.101 2.410 1.333 clcl DC GG GG AA CT AG NHlresent GG TT b
235 C| 66 M N N N N |[5304 0.697 3.462 1.4p2 clcl DD GG AA AG CC GG éemefresent GT TT b
236| P 59 F Y Y N N|[5200 1.876 3.410 0.846 clcl DD GT AA AA CC AA NuPresent GG TT b
2377 C1 69 F Y N N N|[4.862 1.169 2.000 1.205 clcl DD GG AA AA CT AA RmisPresent GG TT b
239 P| 53 M N N Y N |[3.614 0.371 2.205 1.1f79 clcl DD GG GG AA CT AG Pnes Nul GT CC al
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2400 C| 42 M N N Y N [4.628 2.742 2.462 0.8/16 clcl DD GG AA AA CC AG NulNul GG TT bb
241 C[ 65 M Y N N N |3.848 1.292 1.949 1.2b6 clcl DD GG GG AA CC GG Ndtresent GT TC bb
242/ C1 8 M Y Y N N (2704 1.236 0.974 1.128 clcl DD GG GG AA CT GG Pmesresent GT TT bp
244/ C|' 75 F N N Y Y [4.784 0.910 2.897 1.40 clcl DD GG GA AA CC GG NulNull GT TT bb
245 P[54 M N N N N |[4.420 0.663 3.103 0.949 clcl DD GG AA AA CC AA PrasPresent GT TT bp
246 C| 77 M Y N N N |3.614 0.674 2.436 0.821 clcl DD GG GA AA CT GG Nutresent GG TC
2471 C{ 69 F N N N N|[4.628 1.292 2.718 1.256 clcl DD GG GA AA CC AG emedresent GT TC bb
248/ P 75 F N Y N N|4.914 0.978 3.026 1.385 clcl DD GG GG AA CC AG Ndalresent GT CC b
251 P 78 M Y Y N N [4.238 1.517 2.564 0.923 clcl DD GG AA AA CC AA RmsPresent GT TT b
252 P[40 F N N Y Y |4992 1.056 3.256 1.1)/9 clcl DD GG GG AA CC AG Nélresent GG TC
253 P 48 M Y N N N |[5.486 0.809 3.769 1.2B2 cl1c2 DD GG GA AA CC AG Nultresent GT TT bb
254/ P[ 80 F Y Y N N|4.784 0.865 2.872 1.385 clcl DD GG GA AG CT AG Nuiresent GT TC bb
255 P[ 41 M N N N N|3.770 1.348 2.256 0.846 clcl DC GT GG AA CC AG Ndtresent GT TC bb
256 P| 77 F Y Y N N |[4.992 1.449 3.154 1.103 clcl DD GG AA AA CC AG Nukresent GG TT bb
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257 P 63 F Y Y N Y [3.926 0.775 2.564 0.949 clcl DD GG GG AA CC AG NulNull GT TT bb
258/ P55 M Y N Y N |[7.202 1.831 5.308 0.949 clcl DD GG AA AA CT GG PregsPresent GG TC gb
259 P 79 M Y Y N N [3.120 0.764 1.564 1.1p4 clcl DD GG GG AA CT AG BnePresent GT TT ab
2600 P 67 F Y Y N N |[5122 1.427 2.923 1.487 clcl DD GG GG AA CT AA NullNull GT TT bb
261l P 63 M Y Y N N |[3.770 1.764 2.128 0.795 clcl DD GT GG AA CC GG @&mes Null GT TT bb
262l P 75 F Y N N N|5928 1.899 3.897 1.077 clcl DD GG AA AA CT GG Pmesresent GT TT bp
263 C[ 65 M N N N N |[4.134 0.697 2.641 1.1p8 clcl DD GG GG AA CT GG Neétresent GT TC ap
264 C| 78 M N N N N |[4.108 0.921 2.231 1.410 clcl DD GT GG AA CT GG éemefresent GT TT bp
265 C| 8 M Y N N N |[2808 0.607 1.231 1.256 clcl DD GG AA AA CC AA Nul Nul GG TT bb
266 C| 56 M N Y N N [4.602 1.371 2.821 1.1p3 clcl DD GT GG AA CC AA NullNull GG TT bb
267/ C| 64 F Y Y N N |4.316 2.764 2.205 0.7p5 clcl DD GG AA AA CT GG Nutresent GG CC da
268/ C[ 79 F Y N N N|4706 1.236 2.821 1.266 clcl DD GG GG AA CT GG Nd#lresent GT TC bb
269 C| 67 F N N N N|7.748 1.146 5.846 1.282 clcl DD GG GG AA CT GG NHlresent GT TC bb
2700 C| 76 F Y N N N |4.316 1.236 2.179 1.313 clcl DD GG GG AA CC AG Nalresent GT TC bb
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271/ C/ 64 M N N Y N |[3.380 1.022 2.205 0.6p7 clcl DD GG GG AA CC AA eresPresent GT TT bp
272/ C| 77 M N Y N N [8788 1.775 6.231 1.615 clcl DD GG AA AG CC AA NuPresent GG TT ap
273 C| 75 M N N N N |[4.966 1.674 2.795 1.3B3 clcl DD GG AA AA CT GG eresPresent GT TT bp
274 P 54 F N N N N|5226 3.382 2.923 0.692 clcl DD GG GG AA TT AA Emedresent GG TT bb
275 P 61 F Y N N N|4.680 1.236 3.154 0.897 clcl DD GG GG AA CC AA émefresent GG TT bb
276/ Pl 71 M Y N N N |[3.250 0.798 1.872 0.9f4 clcl DD GG AA AA CT AG PrmsPresent GT TT bp
2771 C{ 68 F Y N N Y [4.836 1.910 2.487 1.4[10 clcl DC GG GG AA CC AA Nuttresent GT TT bb
278 P 74 F Y N N N|5486 1.854 3.154 1.410 clcl DD GG GG AA CT AG Ndlresent GT TT bb
279l P 59 M N N N N |[3.328 1.427 1.538 0.5P0 clcl DD GG GA AG CC AA Pmesresent GT TC 4db
280 P[ 62 M N N Y N |[4.004 0.787 2.641 0.949 clcl DD GG GG AA CC AA Nuitresent GT TT bb
282/ Cl 717 F Y N N N|[3.874 1.090 2.308 1.0p6 clcl DD GT AA AA CC AA RmtsPresent GG TT bb
283 C| 52 F N N N N|4.004 0.798 2.564 1.026 clcl DD GT AA AA CC AG Nukresent TT TC bb
284 C[ 78 M Y N N N |4.134 1.393 2.487 0.949 clcl DC GG AA AA CC AG NulNul GT TC ab
285/ P 70 M Y N N N |5.148 0.854 3.436 1.2b56 clcl DD GG AA AG CC GG NulNul GT TT bb
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286 P[ 69 M Y N N N |[4.420 0.933 2.846 1.0/7 clc2 DC GG AA AA CT AG resPresent GG TT bb
287 C[ 80 M Y N N N |5122 0.966 3.231 1.385 clcl DD GG GA AA CT AA NuPresent GG TT bb
288 P| 57 F N Y N N|5460 1.730 3.462 1.128 clcl DD GG AA AA CT AA NulNul GG TT bb
289 P| 58 F Y N N N|3198 1.258 1.538 1.051 clcl DD GG GG AA CC AA Nutlresent GT TC ap
292/ P80 M Y N N N |[3536 0.697 2.000 1.1f79 cl1c2 DC GG GA AG CT AA EBnePresent GT TC bb
294/ C| 78 F N N N N|4.082 0.944 2.513 1.051 clcl DD GG GG AA CT AA Nulresent GT TC bb
296/ C| 57 F N N N N|2444 1.045 0.487 1.436 clcl DD GG AA AA CC AG EnedPresent GG TT bp
297/ C| 60 F Y N N N |[5356 2.2252.872 1.385 clcl DD GG GG AA CC AA Enes Null GT TC bb
298/ C| 63 F Y N N N |[6.682 2764 4.103 1.231 clcl DD GG AA AA CT AA NuPresent GT TT bb
299 P 74 M N Y N N |[3.380 0.730 1.667 1.3B3 clcl DC GG GG AA CC AA Pmesresent GG TT bb
3000 P 50 M Y N N N |[2.002 0.843 0.615 0.9[4 clcl DD GG GA AA CC AA NullNul GT TC bb
301 C[ 58 M Y N N N |[3.900 2.247 2.051 0.7p9 clcl DD GG GG AA CC AA Nukresent GG TC
302 C[ 54 M Y N N N |[4.316 1.157 2.410 1.3p8 clcl DD GG GG AA CT AA kresPresent GT TT b
304/ C| 78 M N N N N |[3.692 0.674 2.051 1.2B2 clcl DD GG AA AA CC AA NuPresent GG TT b
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305 P| 57 M N Y N N/|[5018 1.427 3.564 0.744 clcl DD GG GG AA CC AA enedPresent GG TT bp
306 C| 75 M Y Y N N (4810 0.798 2.949 1.486 clcl DD GG GG AA CC AA PresPresent GG TT bb
307/ C| 77 M Y N N N [3.068 0.989 1.641 0.923 clcl DC GG AA AA CT AA RmtsPresent GG TC gb
309 P 62 M Y N N N |[5070 2.618 3.051 0.744 clcl DD GG AA AA CT AG NuPresent GG TC
311 P| 77 F Y Y N N|[3.016 2.101 1.564 0.462 clcl DD GG GG AA CC AG Nulresent GG TT a
312 P| 54 M Y Y N N |[4.134 1.337 2.846 0.615 clcl DC GG AA AA CC AG PresPresent GT TT b
316 P[ 71 F Y Y N N |[4.238 1.933 2.333 0.9[7/4 clcl DD GG GA AA CC AA eresPresent GT TC bb
318 P 80 F Y N N N|[4.290 1.562 2.308 1.205 clcl DD GG GG AA CT AG énefresent GG TT bb
319 C| 59 F N N N N|5538 1.416 3.231 1.5990 clcl DD GG GG AA CC AA Ntlresent GG TT b
3200 C| 57 F N N N N|4.368 1.865 2.564 0.897 clcl DD GG GA AA CC AG éme®resent GG TT bb
321/ C| 79 F Y Y N N |[4.238 1.652 2.205 1.2B1 clcl DD GG GA AA CT AG NulNul GT TT bb
322 C[ 52 F N N N N|6.058 1.281 4.179 1.205 clcl DD GT GA AA CC GG Ndlresent GG TT b
323 C| 79 F Y N N N|[1534 1.112 0.590 0.4010 clcl DD GG GG AA TT AG Nullresent GT TT b
324 P 69 M Y Y N N |5.382 2506 2.795 1.359 clcl DD GG GA AA CT AA NuPresent GT TC a
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326 C| 54 M N Y N N |[7.332 2472 4.897 1.205 clcl DD GG GA AA CT AA NulNul GT TC ab
327 P 54 F Y Y N N|[5148 1.202 2.590 1.385 clcl DD GG GG AA CT AG Nulresent GG TT a
328 P 70 F Y N N N|4.706 1.629 2.436 1.462 clcl DD GG GG AA CT AA Nuresent GT TT b
329 C[ 67 F N N N N|4.160 0.787 2.359 1.333 clcl DD GG GA AG CT AG NulNul GG TT bb
330 C| 50 F N N N N|3406 2.764 1.744 0.359 clcl DD GT GA AA CT AA Nupresent GG TT a
331 P 31 F N N N N|6.39% 3.011 3.615 1.308 clcl DD GG GG AA CC AG NHlresent GT TC a
332 P[ 55 F N N N N[ 7098 0.697 4.872 1.821 clcl DD GG GG AA CC GGedrtesNull GT TC bh
333 C/| 90 F N Y N N |5564 1.640 3.410 1.333 clcl DD TT GA AG CC AG Nuiresent GT TC a
334 P 71 M Y Y N N |5.616 2.000 3.744 0.8f2 clcl DD GT GA AA CC AG Pkres Nul GT TC aj
336 C| 77 F Y N N N|[8164 1.944 5.179 1.9/4 clcl DC GG GA AA CC GG Ndlresent GT TC b
338 C| 37 M N N Y N |[2574 0.798 0.359 1.8P1 clcl DD GT GA AA CC AA NuPresent GG TT b
339 P 77 M Y Y N N [4576 2.169 2.359 1.1b4 clcl DD GG GG AA CC AA NulNull GG TT bb
340 C| 57 M Y Y N N (4524 0.551 2.641 1.564 clcl DD GG AA AA CC AG NuPresent GT TC a
341 C| 68 M N N N N |3536 0.584 1.846 1.3B5 clcl DD GG GG AA CT AG Nuiresent GT TC b
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342/ P 74 F Y Y N N|[7.410 3.112 4.436 1.462 clcl DD GG GG AA CC AA Emedresent GG TT gb
343 Pl 47 M Y Y N N [4550 1.449 2.436 1.385 clcl DD GG AA GG CC GG NulNul GG TC ab
344 P| 43 M N N Y N |7.826 3.483 4.744 1.3B5 clcl DD GG GG AA CT GG NulNul GT TC ab
346| Pl 67 M Y Y N N |[5512 0.978 3.872 1.1p8 clcl DD GG GG AA CT GG emefresent GG TC gb
347 P[ 69 F N N N N| 6448 1.652 4.359 1.256 clcl DD GG GG AA CC GG Nilkesent GG TT ap
348 C| 77 M Y Y Y N |5.226 0.910 3.256 1.487 clcl DC GG GG AA CT AA NuPresent GT TC ap
349 C[ 60 M Y N N N [4.004 1.000 2.359 1.1P8 clcl DD GG GG AA CT AA res Nul GG TT bb
351 Pl 74 M N N Y N |[4.004 1.079 2.718 0.744 clcl DD GG GG AA CC AG émefresent GG TT 4db
353 Pl 71 M Y Y Y N [5954 2629 3.615 1.051 clc2 DC GG GG AA CT AG Nultresent GG TT bb
354 P[ 74 M Y N N N |[3.640 1.371 2.051 0.9p3 clcl DD GG GG AA CC AG emedresent GT TT bp
355 Pl 76 F Y Y N N |4.420 1.955 2.205 1.266 clcl DD GG GG AA CC AG NulNul GT CC ab
356/ C| 44 M N N N Y (4446 1.225 2.821 1.0p0 clcl DD GT GA AA CT AA Null Nul GT TT bb
357 P 68 F Y Y Y N |[3.042 1.225 1.410 1.0p6 clcl DD GG GA AA CT GG emed’resent GG TT gb
359 C| 52 F Y N N N|5200 1.944 2.846 1.385 clcl DC GG GA AA CC AA NulNul TT CC bb
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360 P[ 68 F Y N N N|5330 1.034 3.615 1.1j79 clcl DD GG GA AA CT GG Ndtresent GT TC b
361 Pl 74 F Y N N Y |[3900 0.787 2.487 1.000 clcl DD GG GA AA CT AA Nupresent GT TC b
363 C| 58 F N N N N|4.082 1.674 2.308 0.949 clcl DD GG GG AA CC AA éemefresent GG TT b
364 P[ 57 M Y Y Y N |6.162 2.843 3.897 0.8Y2 clcl DC GG GG AA CT AA Nubresent GG TT b
365 C[{ 79 M Y Y N N [5174 1.944 3.308 0.897 clcl DD GG GG AA CC AG PmePresent GG TT b
366 C| 73 F N N N N|5278 1.247 3.615 1.026 clcl DD GT GG AA CT AA NulNul GT TC bb
367 P| 34 F N N N N|5798 1.955 2.641 0.915 clcl DD GG GA AG CC AG NHlresent GT TT b
368 Pl 61 M Y N N N |4576 1.483 2.923 0.9p3 clcl DD GG GA AG CT AA NulNul GT TC bb
369 P| 62 M N N N N |[4706 2112 2.692 0.974 clcl DD GG AA AA CC AG NulNul GG TT bb
371 P 62 M Y N N Y [5694 1517 3.795 1.1P8 clcl DD GG GG AA CT AG NullNull GT TT bb
372/ P 63 F Y Y N N |6.396 1.843 4.513 0.9%9 clcl DD GG GG AA CC AA Nuresent GT TT b
373 P[ 68 M Y N Y Y (4862 1.056 3.590 0.718 clc2 CC GG AA AA CT AA Rmets Null GT TT bb
374/ P 71 F N N N N|5954 1.101 4.436 0.923 clcl DD GG AA AA CC AA Nukresent GT TT b
376/ P| 70 M Y Y Y N |5590 1.011 3.821 1.281 clcl DD GG AA AA CC AA ReesPresent GT TC b
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3777 P 69 F Y N N N|[535 0.517 3.821 1.231 clcl DD GG AA AA CC AA NullNull GT TT ab
378 P 71 M Y N N N |[5668 1.382 4.077 0.8[/2 clcl DD GT AA AG CT AA NuPresent GT TT bb
380 Pl 79 M Y Y Y Y 4368 1.427 3.051 0.615 clcl DD GT GG AA CC AA NuPresent GG TT bb
381 P| 38 M Y N Y N |[6.630 1.685 4.718 1.0b1 clcl DD GT AA AA CT AG NullNul GT TC bb
382 Pl 71 F Y N N Y |[5252 1.416 3.205 1.333 clcl DD GG AA AG CC AA Nukresent GG TT bb
383 Pl 73 M Y N Y Y [6.370 1.281 4.538 1.154 clcl DC GG GG AA CC AA Nukresent GG TT ap
385 Pl 63 M N N Y Y [4.472 0.775 2.590 1.462 clcl DD GG AA AA CC AA Rmets Null GT TT ab
386| Pl 30 M N N N Y |[4.030 1.326 2.487 0.8[/2 clcl DD GG AA AA CC GG Nultresent TT TT bl
387, P 68 M Y N Y Y [4550 1.124 3.026 0.949 clcl DD GG GG AA CC AA NullNul GT TC ab
388 P 61 F Y N N Y |[4940 1.292 2.564 1.6¢41 clcl DD GT GG AA CC AG &mes Null GT TC ab
389 Pl 75 M N N N N|[3.640 0.685 2.256 1.0p6 clcl DD GG GG AA CC AA Nulresent GG TT ap
390 P 42 M N N N N|[5980 0.876 4.282 1.205 clcl DD GG GG AA CT AG NulNull TT TC bb
391 P 59 F Y N N Y |[6.812 1.820 4.051 1.846 clcl DD GG AA AG CC AA erePresent GT TT bp
393 Pl 73 M Y N Y Y [6.188 1.966 3.897 1.308 clcl DD GG AA AA CC AA ReesPresent GT TT bp
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394 P 78 M N N N Y [4.706 1.326 3.103 0.9p3 clcl DD GG GG AA CC AA NulNull GT TT bb
395 P[ 71 M Y Y Y Y |5720 3.775 3.692 1.000 clcl DD GT GG AA CC AG resPresent GT TT bp
396| Pl 76 F Y N Y Y |[5122 2.067 3.333 0.7p9 clcl DD GG GG AA CC AG émefresent GT TT bp
397 Pl 74 F Y Y N Y |[5616 3.337 3.410 0.6L5 clcl DD GT AA AA CC AG NuPresent GT TC ap
398 P[ 79 M Y Y N Y |5070 1.079 3.769 0.744 clcl DD GG GG AA CC AG Nutresent GT TC bb
399 P 59 M Y N N Y [4.394 1.281 2.795 0.949 clcl DD GG GG AA CT GG éemefresent GT TC 4db
400 P 70 F Y Y N Y |[5954 1.798 4.000 1.0p1 clcl DD GG AA AA CC GG PnrePresent GT TC ga
401 P 21 M N N N N|[4.134 1.022 2.513 1.103 clcl DD GG AA AA CC AG PresPresent GG TT bb
402l P| 52 M N N N N |[5278 0.685 3.333 1.308 clc2 DD GG GG AA CT AA Nutresent GG TT bb
403 P| 77 F Y Y Y Y |6.786 1.640 4.744 1.2D5 clcl DC GG GG AA CT GG émefresent GT TC gb
404 P 77 M Y N Y N [3.328 1.607 1.897 1.0b1 clc2 DD GG AA AG CT AG Nukresent GG TT ap
407 P 79 F Y N N N|4.550 0.809 3.051 1.077 clcl DD GT AA AG CC AG Ntudlresent GG TT ap
408| P[ 55 M Y N Y Y [5.824 3.831 3.154 0.846 clc2 DD GG GG AA CT GG Ndulresent GT TT bb
409 P| 68 M Y N Y Y [6.344 1.180 4.641 1.0Y7 clcl DD GG AA AA CC AG NuPresent GT TT bb
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411 P 79 F Y Y N Y |6.422 1.708 4.615 0.949 clcl DD GG GG AA CC AG NulNul GT TT bb
413 P| 46 M Y Y N Y |5.018 1.157 3.154 1.256 clcl DD GG AA AA CC AG NullNul GT TT bb
414 P 73 M Y N Y Y (4368 1.607 2.590 1.000 clcl DD GG GG AA TT AG NulNul GT TT bb
415 Pl 70 M Y Y N Y |6.604 2.180 4.513 1.000 cicl DD GG AA AA CC AG NullNul GT TC ab
416| P| 73 F Y Y N N |[3.354 1.079 2.179 0.641 clcl DD GG AA AA CC AG NulNul GG TC ab
417 P 79 F N N Y Y |[6.630 1.034 3.974 2.103 clcl DD GG GG AA CT AG emes Nul GG TT bb
4200 P[ 79 M Y Y N Y |[7.878 0.663 6.103 1.359 clcl DD GG GG AA CC AA lresPresent GT TT b
421 P 66 M Y Y Y N [3.952 4.449 1.308 0.564 clcl DD GG GG AA CC AG Bnts Nul GG TC ak
422/ P 75 M Y N Y Y [6.474 2.775 4.000 1.128 clcl DD GT AA AA CC AA NulPresent GG TT b
425 P 64 M Y N Y Y [2.808 0.865 1.769 0.615 clcl DD GG GG AA CT AG NulNul GG TT bb
428/ P 72 F Y N Y N |[5.070 1.079 3.179 1.385 clcl DC GG AA AA CC AA Nupresent GT TC b
429 P 64 F Y Y N Y |[4550 0.921 3.103 0.9(4 clcl DD GG GG AA CT AA NulNul GG TT bb
431 P 717 M Y Y Y Y (4316 1.157 3.026 0.692 clcl DD GG AA AG CC AA RmasPresent TT TC b
432 Pl 64 F Y N N Y |[5954 1.258 4.179 1.1p8 clcl DD GG GG AA CT AA BnePresent GG TT b
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433 P| 51 M Y N Y Y |4524 1.921 2.923 0.667 clcl DD GG GA AA CT AA Nul Nul GT TT bb
434 P 65 M Y Y Y Y |5.382 3.753 2.487 1.103 clcl DD GG GG AA CC AG NulNul GG TT ab
435 Pl 60 F N N Y N|[5876 1.202 4.000 1.256 clcl DD GG AA AG CC AA Bnts Nul GT TT bb
436| P| 53 M Y N Y Y (5330 1.820 3.308 1.128 clcl DD GG AA AA CT AA Reas Nul GG TT bb
437 P 63 F Y N Y Y |6.214 2.112 3.795 1.3p9 clcl DD GG GG AA CC AA EnedPresent GT TT bp
438/ P| 77 F Y N N N|[5.070 1.247 3.282 1.154 clcl DD GG GG AA CC AA émefresent GT TC 4db
440/ P 72 F Y Y N Y |[3510 1.079 2.026 0.949 clcl DD GG GG AA CC AA NulNul GT TT bb
441l P 75 M Y N Y Y [4966 1.112 2.923 0.923 clcl DD GG GG AA CT AA NulNul GT TC bb
442/ P 65 M Y Y Y Y [5408 2.101 3.333 1.128 clcl DD GT AA AA CT AG Nul Nul GT TT bb
443 Pl 72 F Y Y N N |4.264 1.584 2.385 1.103 clcl DD GG AA AA CC AG eresPresent GT TT bp
444/ P 70 F Y N N Y [5538 0.955 3.385 1.641 clcl DD GG GA AA CC AA eresPresent GT TC 4db
445 P 57 M N N N Y |6.656 1.169 4.615 1.4[10 clcl DD GG GA AA CC AG NulNul TT TC bb
446 Pl 70 M Y Y N Y |3.770 1.281 2.359 0.769 clcl DD GG AA AA CC AA NulPresent GT TT bb
447 P 67 F Y Y N N |[4.862 1.573 3.359 0.7{18 clcl DD GG GA AA CC AG Nulresent GT TT ab
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450 P| 76 F Y N N Y [5980 1.955 4.026 0.974 clcl DC GT AA AA CC AA Pres Nul GT TC bh
453 P| 32 M N N Y N |[3.796 1.236 2.282 0.8p7 clcl DD GG AA AA CC AA NulNul GT TC ab
454 P 52 F N N N N| 5642 1.618 3.641 1.179 clcl DD GG GG AA CC AA Ndélresent GT TC b
455 P 80 M Y N N N |[3.198 0.528 1.692 1.2B31 clcl DD GG GA AA CC AG Bnts Null GG TT bh
456 P| 80 F Y N N Y [5018 1.292 3.128 1.3B83 clcl DD GT GG AA CC AA Bnedresent GT TT ab
457 C| 55 F N N N N|[4.498 1.157 2.538 1.359 clcl DD GG GG AA CC AA N#lresent GT TT b
458/ C| 52 F N N N N|[4.420 1.371 2.692 1.077 clcl DD GT GG AA CC AG émkesNull GG TT bb
459 C| 51 M N N N N |[3.952 1.180 2.359 1.0p6 clcl DD GG GA AA CC AA NulNul GG TC ab
460l P| 61 F Y N Y N |[4.472 1.191 2,513 1.308 clcl DD GT GG AA CC AG NulNul GG TC bb
461 C{ 66 M N N N N [5.044 0.854 3.282 1.3P8 clcl DD GG GG AA CC AA Nuitresent GT TT b
462 C| 66 F N N N N|6.318 1.528 4.154 1.385 clcl DD GG GA AA CC GG NulNul GT TT bb
463 C| 54 M N N N N |[5460 1.876 3.256 1.3p9 clcl DC GG GA AA CC AG Pmesresent GT TC 1
483 C{ 3 M N N Y N (4992 1.034 3.282 1.1y9 clc2 DC GG GG AA CC AG emedresent GT TT b
484/ C| 32 M N N N N |[4.316 1.146 2.590 1.1p4 clcl DD GG GA AA CC AA NulNul GT TC bb

D
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485 C| 55 F N N N N|6.448 2.764 3.974 1.128 clcl DD GG GG AA CC AA émefresent GT TC bb
488/ Pl 66 M Y Y N N (5148 1.202 2.974 1.410 clcl DD GG GA AA CC GG Pmedresent GT TT bp
489 P 56 F N N N NJ| 4940 1.169 3.282 1.051 clcl DD GG GA AA CC AA Nudliresent GT TT bb
490 P 46 M N Y N N [4.368 1.315 2.744 0.949 clcl DD GG GA AA CT AA PrmsPresent GT TC bb
497 C| 61 M N N Y N |[6.188 1.494 4.103 1.282 clcl DD GG GG AA CC AA eresPresent GT TT bp
5000 P 72 M N N N N |[6.838 0.719 4.077 2.333 clcl DD GG GA AA CC GG énefresent GT TT bp
506 C| 74 M N N N N |[6.448 2.011 4.205 1.2B1 clcl DD GT GG AA CC GG Ndlresent GT TT bb
507/ C| 52 M N N N N|[5642 2.011 3.308 0.9p3 clcl DD GT GA AA CT AG Nukresent GT TC bb
508 C| 53 M N N N N |[6.474 2.202 3.641 1.744 clcl DD GG GG AA CC AA Nultresent GG TT bb
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