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ABSTRACT

The effect of GSTM1, GSTT1 and NAT2 gene disordersinvasive bladder

cancer was examined. People carries differenffaisiors depending on their genotypes.

GSTM1 and GSTT1 are the phase2 enzymes and rebfeoifigr detoxification.
When a mutation or any other gene disorder occumezyme loses its activity partially or
completeley. In this way, DNA may be caused by kéotics. DNA might be damaged

under the xenobiotic exposure.

NAT2 enzyme functions to both activate and deat#varylamine and hydrazine
drugs and carcinogens. Polymorphisms in this gera&getylation polymorphism, directly
result in rapid, intermediate, and slow acetyla@toenotypes. Polymorphisms in NAT2 are
also associated with higher incidences of cancerdang toxicity.



The study aims to provide new insight for underdtag of the relationship
between invasive bladder cancer and gene disorders. data will facilitate the

determination of association between specific gkserders and cancer.

Keywords: Glutathione, bladder neoplasms, Glutathione feanse, cancer patients, N-

acetyltransferase
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Oz

GSTM1, GSTT1 ve NAT2 genlerinde meydana gelen bloiklgrin invazif mesane
kanseri Uzerine etkileri agarildi. Kisiler sahip olduklari genotip 6zelliklerine goére Kar

risk grubunda bulunmaktadirlar.

GSTM1 ve GSTTL1, her ikisi de faz 2 enzimlerindend@ detoksifikasyondan
sorumludurlar. Bu genlerde meydana gelen mutasyodaybir déer gen bozuklgu, gen
tarafindan kodlanan enzimde parsiyel ya da tamakapsayan aktivite bozukluklarina
neden olur. Bu durumda, DNA , zenobiyotikslere raakalabilir. Bunun sonucu olarak

DNA hasarlarinin olmasi beklenebilir.

NAT2 enzimi, arilamin ve hidrazin ilaclar ile kamejenlerin aktive ve deaktive

edilmesinden sorumlu enzimdir. Bu gende meydanangeblimorfimler N-asetilasyon



Vi

enzimleri olarak bilinir ve fenotipte hizli, yayae orta asetilasyon olarak gorulir. NAT2

enzimindeki polimorfizm, ila¢ toksissitesi ve kangelisimi ile yiksek oranda #kilidir.

Bu calsmanin kapsami kanser gaini ile bu G¢ gen bozukiunun iligkisine kayda
deser bir katki yapacakekilde yeni bir balg acisi kazandirmaktir. Elde gitniz veriler
belli bir takim gen bozukluklari ile kanser geti arasindaki ilkiyi ortaya koymamiza

yardimci olacaktir.

Anahtar Kelimeler: Gllatatyon, mesane neoplazmlari, glutatyon traagferkanser

hastalari, N-asetil transferaz
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CHAPTER 1

INTRODUCTION

In the USA bladder cancer is the fourth most commamcer among men and
the eighth most common in women, with Transitio@all Carcinoma comprising
nearly 90% of all primary bladder tumours. In 20@4yas estimated that 60 250 new
patients were diagnosed with bladder cancer and@102died from this disease.
Although most patients with bladder cancer is dosgad with superficial bladder
tumours, 20-40% will either present with or subsedly develop muscle-invasive
disease. Invasive bladder cancer is a lethal metigyr if left untreated, >85% of
patients will die from the disease within 2 yeafgliagnosis [1]. Despite an early and
aggressive approach toward high-grade, invasivddelacancer [2], nearly 25% of
patients have pathological evidence of lymph-noé¢astases at the time of cystectomy
[3].The risk of bladder cancer is increased by apipnately three times more in smoker
group and accounts for 50to 60 % of the bladdeceapatients among men and one —
third of those in women [4]. Bladder cancer rigknde modulated by genetically based
metabolic polymorphisms. Cytosolic glutathione-&sferase [GST]| are very large
family of isoenzymes which play role in detoxifizat of many electrophilic substrates
by their conjugation with reduced glutathione [bhe inability to replicate results on
many associations between common genetic polymamhand complex diseases has
raised scepticism in this area of research [6]. Ohthe few exceptions could be the
association between the risk of bladder cancerpagimorphisms in two carcinogen-
detoxification genes-NAT2 and GSTM1 [7]. Tobacco smoking is an important cause
of bladder cancer, [8] and previous analyses Isaggested that the relative risk from
smoking is stronger fAWAT2 slow acetylators than for rapid or intermediatet@daéors



[9]. This interaction is biologically plausible nsie aromatic amines, which are thought
to be the most important class of bladder carcinege tobacco smoke, [10] are
detoxified byNAT2 [11].

1.1GLUTATHIONE S-TRANSFERASE

Cytosolic and membrane-bound forms of glutathiortea8sferase are encoded
by two distinct supergene families. At present,heidistinct classes of the soluble
cytoplasmic mammalian glutathione S-transferase® lieen identified: alpha, kappa,
mu, omega, pi, sigma, theta and zeta. This genedesc glutathione S-transferase that
belongs to the mu class. The mu class of enzymadtifuns in the detoxification of
electrophilic compounds, including carcinogens, rdpeutic drugs, environmental
toxins and products of oxidative stress, by coriogawith glutathione. The genes
encoding the mu class of enzymes are organized geng cluster on chromosome
1p13.3 and are known to be highly polymorphic. Ehgsnetic variations can change an
individual's susceptibility to carcinogens and tesxias well as affect the toxicity and
efficacy of certain drugs. Null mutations of thlags mu gene have been linked with an
increase in a number of cancers, likely due to moreased susceptibility to
environmental toxins and carcinogens. Multiple emotisoforms are encoded by

transcript variants of this gene. [12]

Glutathione S-transferase (GST) theta 1 (GSTTH) nsember of a superfamily
of proteins that catalyze the conjugation of reduggutathione to a variety of
electrophilic and hydrophobic compounds. Human G&irs be divided into five main
classes: alpha, mu, pi, theta, and zeta. The ttas$a includes GSTT1 and GSTT2. The
GSTT1 and GSTT2 share 55% amino acid sequenceitidamid both of them were
claimed to have an important role in human carcmegis. The GSTT1 gene is located
approximately 50kb away from the GSTT2 gene. Th&@ T3Sand GSTT2 genes have a
similar structure, being composed of five exonshviitentical exon/intron boundaries.
[13]



Glutathione S-transferase are a family of inducésieymes that are important in
carcinogen detoxification. They catalyze the coajian of a variety of different
compounds with the endogenous tripeptide glutathi@SH]. Cytosolic GSTs can be
divided into four human families [isoenzymes] witifferent but sometime overlapping

substrate specificities. They are termed A [alpNa]my], P [pi] and T [theta] [14].

Both the expression and the protein levels of G&¥emzymes vary between
individuals, making them predisposed to the tofXieas of environmental carcinogens.
Also, high levels of GSTs have been found in huroancer tumors compared with
normal tissue [15]. Variation in levels of tumor G&ay be associated with resistance

or susceptibility to chemotherapeutic agents [16].

Not only single polymorphism within each GST clasmy be used as
biomarkers of cancer risk. Combinations of polynmsms within different GST
classes also influence the risk. Individuals witlo high risk genotypes in M1, P1 or T1
have a significantly higher risk of developmentmgstate cancer [17], and the risk of
CLL is increased 2.8 fold if M1, T1 and P1 are ‘thigsk” genotypes [18]. It is even
more complicated when high-risk genotypes of otitleise |l enzymes are combined
with GSTs. A polymorphic NAT2 combined with a GSTMthd T1 null genotype
changes the risk of development of breast cancepmen [19].

Individuals with GSTT1 null genotype show reucediligb to detoxify
metabolites of 1,3 butadiene and ethylene oxid¢ [@®TM1 deficiency suspected to
increased risk of bladder cancer was first repote@ell et al., 1993 [21] a number of
studies appeared wtih supporting findings [22].comtrast to GSTM1, potential role
GSTT1 genotype in individual susceptibility to bdied cancer have been reported with
inconsistent results. A few studies exhibited samnificant decreased risk of bladder

cancer with GSTT1 null genotype [23]. However; somgher studies exhibited



increased risk of bladder cancer with GSTT1 nulagpe [24]. Inconsistent results
have also emerged from recent studies exploringctimbined effect of GSTM1 and
GSTT1 genotype in the development of malignancy.[25

1.2 SUSCEPTIBLE GENES FOR BLADDER CANCER

Reduced DNA repair capacity is thought to be lafastor for cancer. There are
four major DNA repair pathways in human cells: matide excision repair [NER], base
excision repair [BER], double strand break repBiBRR], and mismatch repair [MMR].
A genetic mutation that results in a deficiencymy point along one of these pathways
can lead to genetic instability and an increasskl ior carcinogenesis. Polymorphisms
for different DNA repair genes can slightly alteetstructure of DNA repair enzymes
and, in turn, modulate cancer susceptibility. Ste¢rgl examined three such genes and
their interactions with environmental exposures camly associated with bladder
cancer [26]XRCCL1 [Arg **GI] is a component of the base excision repair pathitay.
functions as a “scaffolding protein” that fixes adamage and DNA single strand
breaks. The amino acid substitution is not knowrh&ve functional consequences.
XRCC3[Thr **'Met] is located at exon 7, which is not known to bferactional domain.

It takes part in homologous recombination repaiD®fA double strand breaks and
cross- links, and interacts directly with Rad5lef&aryotic homolog of the bacterial
RecA recombinase]XPD[Lys "™ GIn] functions in the nucleotide excision repair
pathway and works as an ATP- dependent helicases Ihecessary for normal
transcription initiation and nucleotide excisiorpag. Mutations may cause defects in

DNA repair, transcription, and apoptosis [27].

Although smoking, PAHs and aromatic amines haveg lbeen associated with
increased bladder cancer risk, the results of studihat evaluate the relationship

between polymorphisms of several DNA repair gemeskdadder cancer risk have been



inconsistent. Recently, for example, Stern, et aintl XRCC1 codon 399 to be
protective [28].Matullo, et al foundXRCC3 codon 241 to increase bladder cancer risk
[29] and Sanyal, et al found no effectXiRCC1, XRCC13, or XPD polymorphisms on
bladder cancer risk [30]. While rare mutations d§repair genes cause lethal genetic
disease, it is the more common DNA repair gene rmpolphisms that are thought to
modulate an individual's disease susceptibility][31

Epidemiological studies have shown an associdietwveen low folate intake
and an increased cancer risk. Major genes invoivedolate metabolism include
methylene-tetrahydrofolate reductad¢THFR] and methionine synthas#fy. Lin et
al. investigated joint effects of polymorphismstioé MTHFR [677 C->T, 1298A->C]
andMS genes [2756 A->G], dietary folate intake and agi@ smoking on the risk of
bladder cancer in a case-control study [32].

Bladder cancer is associated with smoking, occopat exposuresand
glutathioneS-transferase [GST] M1 anN-acetyltransferaspNAT] 2 polymorphisms
that may influence carcinogen metabolidmt somaticp53mutations are often CpG
dinucleotide G:C-A:Ttransitions that can occur spontaneously. We caedua case-
controlstudy to determine whetheb3mutation characteristics migtistinguish cases
with environmentalersus endogenous causgi3exons 4-9 were amplified from 146
bladder tumors byPCR, screened by single-strand conformational poipimsm
analysisand sequenced. Thirty-one cases vp&i&positive, and 112 wepb3-negative
[germ line or silent]. G:C-A:T transitions weatso subclassified as CpG or non-CpG.
Cases and 215 clinic controlgere interviewed. GSTM1, NAT1, and NAT2
polymorphisms were assaydbm peripheral blood. Odds ratios [ORs] and 95%

confidencentervals [Cls] were estimated using logistic amtyfomousegression [33].

Recent molecular epidemiological studies have aealythe relationship

between various metabolic enzymes, such as N-aeetgferases [NATs], cytochrome



P450 [CYP] and glutathione S-transferases [GSTdjlaalder cancer to determine as
biomarkers [34]. In humans, hereditary differenicellacetylation activity have lead to
phenotypic classification of individual as rapidstow acetylators. It has been reported
that genetically variable NATs, CYP P450 and GSiEsiavolved in the metabolism of
drugs, carcinogens and natural products; and therefct as candidate genes for cancer
susceptibility [35; 36].

1.3 N-ACETYL-TRANSFERASE-2

This gene encodes N-acetyltransferase 2 (arylahineetyltransferase 2). This
enzyme functions to both activate and deactivay¢amrine and hydrazine drugs and
carcinogens. Polymorphisms in this gene are reptmsfor the N-acetylation
polymorphism in which human populations segregatie iapid,intermediate, and slow
acetylator phenotypes. Polymorphisms in NAT2 arso ahssociated with higher
incidences of cancer and drug toxicity. A secornglaanine N-acetyltransferase gene
(NAT1) is located near NAT2 [37].

A survey through the literature reveals that imdlnals with the slow NAT2
acetylator type are supposed to be at higher askifug side effects, such as peripheral
neuropathia after isoniazid treatment [38], or aertdisorders, such as drug-induced
lupus erythematosus. This severe disease may Bedian susceptible individuals, by a
large number of drugs involved in acetylation metmsmn. The association to the
idiopathic form, however, is discussed controvdlssig39]. Peripheral neuropathy
provoked by isoniazid overdosage may be a majobleno in ethnicities with a high
frequency of slow acetylators, such as those irthéon Africa. Low drug efficacy may
be expected in rapid acetylators, due to fast noditation. The kinetics of amrinone, a
phosphodiesterase inhibitor for the treatment gése heart failure, correlates with the

acetylation status (unpublished observations). Bs®hkacetylamrinone may cause



thrombocytopenia [40], rapid acetylators may behigher risk for this severe side

effect.

Major substrates of arylamind-acetyltransferases are xenobiotics. Therefore,
many studies have focused on the distribution @ivshnd rapid acetylators in certain
xenobiotics-induced malignancies. In particulapwslacetylation was shown to be a
susceptibility factor for bladder cancer [41]. Esipdy, exposure to arylamines,
formerly used in the aniline industry, now prefdialty related to cigarette use, makes

slow acetylation a hereditary risk factor, as prolsg recent genotyping studies [42].

In humans, hereditary differences in N-acetylatiactivity have lead to
phenotypic classification of individual as rapid slow acetylators. The absence of a
restriction site indicated the presence of defectilleles identified the slow acetylators
[43]. NAT2 slow acetylator phenotype(s) infer a sistent and robust increase in
urinary bladder cancer risk following exposures d@mmatic amine carcinogens.
However, identification of specific carcinogensimportant as the effect of NAT2
polymorphism on urinary bladder cancer differs datioally between monoarylamines
and aryldiamines. Misclassifications of carcinogeaxposure and NAT2

genotype/phenotype confound evidence for a redbdical effect [44].

1.4 RESTRICTION FRAGMENT LENGTH POLYMORPHISM (RFLP)

Restriction Fragment Length Polymorphism (RFLP) as difference in
homologous DNA sequences that can be detected eypiasence of fragments of
different lengths after digestion of the DNA sanspie question with specific restriction
endonucleases. RFLP, as a molecular marker, igfisper a single clone/restriction
enzyme combination.Most RFLP markers areco-dominant (both alleles in
heterozygous sample will be detected) and hitgdys-specific



Table 1.1 Restriction enzymes and digested product sizBAT2 gene locus

Size of the fragments
NAT 2 Size of the fragments [54presence of mutated
alleles Restriction enzymegbp] for wild type alleles
NAT2*5 [Kpnl 433- bp, 114- bp 547 bp
NAT2*4 Mspl 345-, 137-, and 65-bp 345-, 114-, aridi®p
NAT2*6 Taq| 222-,170-, and 155-bp 392- and 155-bp
NAT2*7 BamHI 490- and 57-bp 547 bp




CHAPTER 2

EXPERIMENTAL PART

2.1 MATERIALS

2.1.1 DNA Samples

Performing the experiment, two different DNA groupre used.

2.1.1.1 Patient Samples

DNA samples were obtained from the outside laboyatédll DNAs were
extracted from the blood sample using “Salting-Butraction Method”. Patients are
from “Bezm-i Alem Valide Sultan Vakif Gureba Eduicatal and Research Hospital,
Urology Clinique”.

2.1.1.2 Control Samples

DNA samples were extracted from the buccal swapsarithese were obtained
from the people who are healthy and has no ristofeor bladder cancer. People are

randomly selected from the Fatih University student
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2.1.2 Equipments

Autoclave : CERTO CLAW A-4050 Traun, Austria

Balance : SarteriWender Landstrasse 94-108 D-37075
Goettingen, Germany

Camera : Sony Cybershot DSC T520
Centrifuges ; Hettich, Mikro 22

Deep freezers : BEKO, Turkey
Electrophoretic Equipment Bio-Rad Sub Cell, GT
Magnetic Stirrers : Chiltern Hotplate Magneticr &
Power supplies : Bio-Rad Power PAC-300
Refrigerator : Ariston, +4C

Thermocyclers : TECHNE TC-512
Transilluminator ; Bio-Rad GelDoc 2000

Vortex : IKA LABORTECHNIK

Water Purification System : Millipore, Water Rigation System, Ultra Pure

Water



2.1.3 Chemicals

11

Many of the chemicals in this thesis are suppliedmf either MERCK
[Germany] or SIGMA [USA]. Alcohols are purchasedrfr RIEDEL DE-HAEN

[Germany].

2.1.4 Buffers and Solutions

During DNA isolation and visualization of the PCRogucts, different buffers

were used.

2.1.4.1 DNA Isolation

Buccal Cell Isolation kit

Alcohol

2.1.42 PCR

Taq polymerase buffer

2.1.4.3 Gel Electrophoresis

Qe Systems, Puregene, Genomic DNA
Purification Kit

RIEDEL DE-HAEN [Germany].

Fermentas, 10x Taq BuffpMH,4].SO,— MgCl,

Both horizontal and vertical electrophoresis wesedu



10 x TBE buffer

10 x loading buffer

Ethdidum Bromide

2 % agarose

Polyacrylamide;

Loading buffer

6% acrylamide solution

APS

TEMED

2.1.4.4 Staining of Gels

12

: 54 g Trsibase, 27.50 g Boriadadi.650 g
NaEDT#ssolved in 500ml distilled water
: 2.5mg/ml bromophenol bltigg SDS in 2 ml of
yoérol
: 10 mg/ml

: 2 % agarose [MERCK] in 0.5 x TEBdy

: 95 % formamide, 20mM EDTA, 0.05%&he
&wl, 0.05% Bromophenol blue

: 6% acrylamide/bisacrylaenitio: 1]

: 10 % Ammonium persulfate

: N,N,N',N'-Tetramethylethylenediamine

In order to confirm the results silver staining wa®d in addition to EtBr

staining.
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EtBr Staining;

Ethidium Bromide : 10 mg/ml

Silver stainig;
Buffer A : 10 % Ethanol, 0.5 % Glacial Acetic Acid
Buffer B 0.1 % AgNQ@
Buffer C : 15 g NaOH, 0.1 g NaBH4 ml Formaldehyde
[37%], completed to 1 ml with ci®
Buffer D . 7.2 g NaCOgs dissolved in 1 liter dbD
Buffer E : 5 % Glycerol

2.1.5 Oligonucleotide Primers

Oligonucleotide primers were used to amplify spegene loci, which are
called GSTM1, GSTT1, 3 — globulin and NAT2.
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Table 2.10ligonucleotide Primers

Gene Primer Sequence Product size
5' - ttc ctt act ggt cct cac atctc -3
GSTT1 5' - tca ccg gat cat ggc cag ca -|3' 480 bp
5' - gaa ctc cct gaa aag cta aag|c -
3[
GSTM1 5' - gtt ggg ctc aaa tat acg gtg g + 3'215 bp

5 -caacttcatccacgttcacc-3
3 - globulin 5’ - gaa gag cca agg aca ggt ac |- 3'268 bp
5'-gga aca aat tgg act tgg - 3
NAT2 5'-tctagc atg aatcac tctgc - 3' 547 bp

2.2 METHODS

2.2.1 DNA Extraction

DNA was isolated using the Genomic DNA Purificatidit which is supplied by
Gentra Systems. Buccal cells are collected by usiedle nylon bristle cytology brush
which is included in the kit. Brush is removed idtd&ml microcentrifuge tube cotaining
300ul cell lysis solution. Tubes are incubated=®® for 45 minutes in the waterbath in
order to complete the cell lysis activity. Aftemreving the sample from the waterbath,
brushes are take out from the microcentrifuge té®maining cell lysate is cooled to
room temperature by placing them on ice for 1 ngsutlO0 pl Protein precipitation
solution is added into cell lysate. That solutignvigorously vortexed at the highest
speed for 20 seconds in order to mix the Proteatipitation solution uniformly with
the cell lysate. Tubes are placed in an ice bathbfoninutes. Centrifuge at 13,000-
16,000 x g for 3 minutes. The white pellet contgimecipitated proteindf the tight
structure of the protein precipitation is not pderd vortex and centrifugation is
repeated. DNA containing supernatant is poured atdean 1.5ml microfuge tube
which contains 300ul 100% isopropanol [2-propararid 0.5ul glycogen solution|
20mg/ml, Gentra catalog number R-5010]. Tubes aibeeanby inverting gently 50
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times and incubated at room temperature for at |Basinutes. Centrifugation was
performed at 13,000-16,000 x g for 5 minutes. TiNADmay or may not to be visible
as a small white pellet at bottom of the tube. Sugiant is poured off and tube is
drained on a clean absorbent paper. Add 300ul & @thanol and tube is inverted
several times to wash DNA. Centrifugation is parfed again at 13,000-16,000 x g for
1 minute. Carefully pour off the ethanol and wapeltiet. Invert and drain the tube on a
clean absorbent paper and allow it to dry 10-15uteis. 20ul of DNA hydration
solution is added. If the yield is 1ug DNA, congaation will reach 50ng/pl when 20 ul
iIs added. DNA is rehydrated by incubating the samfdr overnight at room
temperature. The DNA was stored at -20 °C.

2.2.2 Polymerase Chain Reaction [PCR]

All the PCR reactions is performedin a total voluofe25 pl. The master mix
which is the mixture of PCR reagents contains 18g Buffer + [NH].SO, — MgCh
,2mM dNTP mix, 1 unit Taq polymerase and 100nge&homic DNA. Thermocycler

Techne was used for amplification reaction.

2.2.2.1 Amplification of the GSTM and GSTT and-globulin gene loci

PCR was performed in the thermocycler TECHNE. Afigation reaction
includes 5 minutes denaturation at 94 °C for genddNA and three consecutive steps
are repeated as a module of 35 cycles. Last step iminutes extension and the storage
step is followed at a proper temperatrglobulin is amplified as an internal control.

By this way, amplification reaction is confirmed



94 °C 5 minutes
94 °C 30 seconds
57°C A 5°C 30 seconds
72°C 2 minutes
72°C 10 minutes
4°C

2.2.2.2 Amplification of NAT2 gene locus

16

[initial denaturation]
[denaturation
[annealing] 35 cycle

[elongation]

[final extension]

PCR was carried out in the thermocycler TECHNE.régpam which consist of

initial denaturation at 94 °C for 3 minutes and 8&le repeating module of 94 °C

30seconds[denaturation], 60 °C for

1 minute[anngdliand 72

°C for 2

minutes[elongation] was performed. Finally, 72 &€ 10 minutes is the final extension

step.

94 °C 5 minutes
94 °C 30 seconds
60 °C 30 seconds
72°C 2 minutes
72 °C 10 minutes

4 °C

[initial denaturation]
[denaturation
[annealing] 35 cycle

[elongation]

[final extension]
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2.2.2.3 Optimization of PCR conditions

In order to obtain proper annealing temperatureaandunt of reagents for optimum
PCR, optimization was carried out according to ltesof initial reactions. Starting to
PCR, annealing temperature was adjusted to 55 A@ 5a°C gardient is used. 5 °C
gardient means wells on the thermocycler will batéé starting from 50°C to 60 °C .
However, in this temperature many non-specific lsameere observed. Annealing
temperature is increased to 57 °C and gradienedeggill remains as 5 °C. Temperature
is increased and non-specific bands are dissagheAmount of MgC} is increased
from 2 pl to 2.5 pl. In the less concentrationted MgCh, low brightness in the bands
was detected. So, concentration of the Md€lelevated. In all the reactions, double

distilled water was used in order to prevent protdeaused by water.

2.2.3 Agarose Gels

PCR products were resolved on 2% agarose gel.sGekpared adding 1.6 gram of
powdered agarose gel into 80ml of 0.5 x TBE bu$@ution and it is boiled until the
agarose is completely dissolved in the buffer smutFour pl of Ethidium Bromide
was added when the boiled solutions began to cowhdand reach approximately 55
°C. Solutions is mixed homogenously by making hsaimaking. It directly poured into
horizontal agarose gel platform and the comb inolw® or 22 wells is placed one side

of the gel. Let the gel solidify for 45 minutes.

2.2.4 Page Analysis

The resultant products of the digested PCR produatse resolved on 6%
polyacrylamide gels. Polyacrylamide gel was preparsing the 37.5% stock solution
of acrylamide. Amount of the acrylamide is 7.5mt&ml of 10x TBE buffer, 700 pl
Ammonium per sulfate [APS], 70 ul TEMED and 36.7%hidouble distilled water is
added. Tetramethylethylenediamine [TEMED] is usedngiator and catalyzer of the

polymerization reaction. The gel contains 20 walfig it has 1mm thickness.
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2.2.5 Restriction Fragment Length Polymorphism [ REP]

PCR products of NAT2 amplification reaction weregetited with different
restriction endonucleases. These enzymes cut the tialdkbone in the specific region.
BamHI, Taqgl, Kpnl and Mspl/Alul restrintion enzyme®re used in order to determine
the specific mutation in the same PCR region. 1®@fuPCR products was used for
restriction reaction. In addition to this, Mspl/AliKpnl and BamHI needs 18 ul ditilled
water, 2 ul reaction buffer and 2 pl enzyme whefiesf needs 16 ul distilled water, 2
ul reaction buffer and 2 ul restriction enzyme. thié reactions occurs in 37 °C in water
bath except Tagl. Optimum temperature for Taqb$@.

2.2.6 Staining of Gels
In agarose gel EtBr staining was used as usualeM@r, Silver staining was

applied on Polyacrylamide gel to get more specédgult.

2.2.6.1 EtBr Staining

Ethidium Bromide is substance which inter cataldtes DNA backbone. This
dye is visible under UV. The dye is added inteedily to agarose gel solution and gel
must be homogenous before pouring into platfornn.déoylamide gel, 5 pl is dropped

into 100ml water and the gel placed inside thetgwig for staining.

2.2.6.2 Silver Staining

Silver staining is the the sensitive, easy to do safer method compared the other
radioactive and immunologic labelling methods. &ilgtaining technique was used to

determine the bands in polyacrylamide gel.
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In the staining, five different buffers were us@&lffer C must be prepared just

before staining protocols.

The procedure is :

* Incubate in buffer B for 10 minutes.

* Wash briefly twice with dBD.

* Incubate in buffer C until bands appear.
* Incubate in buffer D for 5-10 minutes

* Seal the gel

In order to obtain more qualified view, some aremgnts are necessary in view

of the original method.
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CHAPTER 3

RESULTS AND DISCUSSIONS

3.1 GSTM1 and GSTT1 deletion analysis

Glutathione-S-transferase T-1, Glutathione-S-trenasfe M-1 and3-globulin
genes are amplified in PCR reaction and they anealized in 2 % agarose gel. Size of
the GSTM1 gene is 215 bp, size of the GSTT1 ged8@sbp and size of tHeglobulin
is 268 bp. Every separate lane refers an indepénurent. In the first lane, DNA
ladder is loaded in order to be able to comparesikhe of the PCR products with

marker.

Tablo 3.1.PCR product size of GSTM1, GSTTglobulin.

Gene name PCR product size
GSTM-1 215 bp
GSTT-1 480 bp

B-globulin 268 bp
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GeneRuler™ 1kbh DNA Ladder
0’GeneRuler™ 1kb DNA Ladder
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Figure 3.1 Gene ruler 1kb DNA ladder, Fermentas. In the fase of gel picture, the
mixture of 2 pl DNA ladder, 2 pl loading dye anglldistilled water was loaded.
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Gene ruler is a commercially available PCR produttdifferent sizes. During
the gel electrophoresis, sample bands are compaugehe ruler and determine the size
of the our DNA. In this study, 1kb gene ruler wagd. After the effect of the electrical
current this ladder shows different bands in défersizes [figure3.1]. starting from the
250 bp until 10,000 bp it can be detected using 1tkb DNA ladder. As the Gene ruler
is amplified several times, it is highly concentdht In the agarose gel, that highly
concentrated material is hard to run. So, Gene rsildiluted by adding distilled water.
In addition to this, loading dye was also addedgéeeruler to detect the place of the

ladder while it is runnig.

NEABEOD OB EHBERBEEBHR

L

B-clobulin
268 bp

Figure 3.2 In the figure, lane 3 and lane 11 patients hdvéheee genes, - GSTT1,
GSTM1 andp-globulin — lane 4, lane 8, lane 13 and lane 14dg GSTT1 andg3-
globulin, lane 1, lane 2, lane 5, lane6 has ofiiglobulin gene which is an internal
positive control whereas lane 7, lane 10, lane ladel2 has onlyB-globulin and
GSTML. In Lane 9, there is no amplification.

Observing the bands on the gel refers to propepliication of the targeted
gene. On the other hand, GSTM-1 and GSTM-2 analgses deletion detection
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experiments. Determining bands means amplificabbrthe gene, but, it is hard to
specify whether one or both alleles are amplifladorder to reach to exact result, light
intensity of the all bands are compared by using s$oftware called MathLab.

According to the brightness of the band, it wilfidely give results starting from blue

color until red one. In figure 3, Mathlab analysfshe figure 2, three dimensional view
of the gel picture seen on figure 2. Figure 4 shthestwo dimensional picture. It again
belongs to figure 3.2.

Figure 3.3 Three dimensional analysis of the Figure 3.2.
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Figure 3.4Two dimensional analysis of the Figure 3.2.

By using this Mathlab software program, “0/0” ng#notype and “0/+” partial
deletion patients are clearly separated from e#woéro

3.2 N-acetyl transferase- ZNATZ2] gene analysis

PCR reaction was performed for NAT2 gene and a bg7fragment was
amplified. Four different alleles of NAT2 was idéi@d by using Restriction Fragment
Lenght Polymorphism [RFLP] method. According toepéndent restriction sites, four
different restriction endonucleases was used amdditeles were determined. Digested
PCR products were identified on the 2 % agarose Geé following restriction
enzymeKpnl [MBI, Fermentas],Tagl [MBI, Fermentas], MspI[MBI, Fermentas], and
BamHI [MBI, Fermentas] were used to detect the presesrcabsence of mutations at
the positions C481T, G590A, A803G, and G857A, repely. PCR products of
mutated alleles which ish C to T transition, atipos 481 [allele NAT2*5], were
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resistant tdkpnl digestion [absence of restriction site], the 54 ALCR product was not
digested into 433- and 114-bp fragments. The alledh A803G mutation [allele
NAT2*4] were determined by the presence of an addititfgul restriction enzyme
site; thus the normal pattern 345-, 137-, and 63ragments were replaced by 345-,
114-, and 65-bp fragments. Alleles with G to A siion at position of 590 [allele
NAT2*6] were identified by loss ofagl restriction enzyme site, producing 392- and
155-bp fragment instead of 222-, 170-, and 155rAgrhents. Restriction endonuclease
BamHI was used to identify the alleles with G to Ansdion at the position of 857
[allele NAT2*7]. They were identified by loss of tBamHI restriction enzyme site,
result in 547-bp fragment, instead of 490- and p/Magments. The wild-type allele
[NAT2*4] was recognized by the occurrence of the restricies for theKpnl,

BamHI, Mspl, andTagl endonucleases.

DEBEEEBEEENEAR

o

Figure 3.5Kpnl digestion of the amplified NAT2 gene locugdple in the lane 1, lane
2, lane 3, lane 6 and lane 7 are wild type. Larank 8 and lane 9 are heterozygous for

Kpnl digestion. In lane 5, no amplification is obsd.
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(mf1]ols]als]elz]s]ofioliufiafis]ia]isficlirfas]is]

Figure 3.6 BamHI digestion of NAT2 PCR product. Lane 1, lahdane 3, lane 11,

lane 12 and lane 16 are wild type genotypes. Lahen 5, lane 6, lane 7, lane 8, lane
9, lane 10, lane 13, lanel4, lane 15, lane 18 ane 19 are heterozygous for BamHI
restriction site. Lane 6, both alleles have mutatend result in disappearing of

recognition site.

M BN AN EEEE BN BN BN BEAE EEEE EEE

Figure 3.7 Taqgl digestion of amplified NAT2 region. Lane ané 4, lane 6, labe 7, lane
8, lane 9 are heterozygous for Taqgl restrictioe.sitane 2, lane 3 and lane 5 are

homozygous mutant for Taq I.
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Figure 3.8Lane 2, Lane 3, lane 4 and Lane 5 are heterozyfgoldspl restriction site.
Lane 1 is homozygous mutant. Lane 6 is negativérabfor NAT2 amplification and

Mspl digestion reaction.
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Table 3.2Amplification results of patient and control groups

Patient | control
Gene Genotype (59) (81)
GSTM1
0/0 35 26
0/+ 2 1
+/+ 22 54
GSTT1
0/0 19 13
o/+ 0 2
+/+ 40 66
NAT2
Fast Acetylator 3 40
Intermediate
Acetylator 4 29
Slow Acetylator 52 12

3.3 Statistical Analysis

Logistic Regression allows one to predict a diszroutcome, where the
independent or predictor variables can take anynfaf categorical, or mix of

continuous and categorical,

In binary logistic regression the dependent \deias dichotomous, that is, the
dependent variable can take the value 1 with aglmtity of succes®, or the value 0

with probability of failure 16.

Logistic regression have no assumption aboutligteibution of the independent

variables. Independent variables do not have todomally distributed, linearly related
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or have equal variance within each group. The icelahip between the predictor and
response variables is not a linear function indbgiregression, instead, the logistic

regression function is used, which is the logihsfarmation ob:

z

6= ,Wherez= B, + X, + Bo Xy +..4 B Xy
1+e*
Where f,= the constant of the equation ang, = the coefficients of the
predictor variables.

An alternative form of the logistic regression dipris:

Iogit[e(x)]=logL_0(—;()x)} = Bo + BX + BoXo 4ot B Xy

The goal of logistic regression is to predict tbategory of outcome for
individual cases using the most parsimonious mobelachieve this goal, a model is
created that includes all predictor variables @ useful in predicting the response
variable. Since logistic regression calculates prebability or success over the
probability of failure, the results of the analyare in the form of an odds ratio. Logistic
regression also provides knowledge of the relaligoss and strengths among the

variables

Wald test is used to test the statistical sigarice of each coefficienB)in the
model. Agresti (1996) states that the likelihootlerdaest is more reliable for small
sample sizes than the Wald test. Log transformatfahe likelihood functions yields a
chi-squared statistic. This is the recommended g&istic to use when building a

model



Table 3.3 Frequency analysis of gene disorders

Genotype Freq. Percent
Control Group 0 78 57,78
Patient Group 1 57 42,22
GSTT 0 61 45,19
1 74 54,81
GSTM 0 31 22,96
1 104 77,04
0 62 45,93
NAT2 1 32 23,7
2 41 30,37
Total 135 100
Logistic regression urhber of obs = 135
LR chi2(3) = 78.37
Prob > chi2 = 0.0000
Log likelihood = -52.749641 Pseudd R = 0.4262



Table 3.4Coefficeint and Standart deviation chart of genes
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Odds
Ratio (&)
Coef. ) |Std. Err. | z P>|z| | [95% Conf. Interval] %
Constant 2.540.534 .6605605 3.85 |0.000 |1.245.859 3.835.209
GSTT -.680811 .49925561.36 | 0.173 |1.659.334.297712 | .5062063 -49.4
GSTM |1.244.738.6124112/-2.03 | 0.042 |2.445.042 -.0444344 .2880163 | -71.2
NAT2 |-234.263| .4034688-5.81 [0.000 |3.133.4151.551.846.0960746 | -90.4

% = percent change in odds for unit increase in X

The likelihood ratio chi-square of 78.37 with a ale of 0.0000 tells us that our

model as a whole fits significantly. In the table wsee the coefficients, their standard

errors, the z-statistic (sometimes called a Waddatistic), associated p-values, and the

95% confidence interval of the coefficients. B&ISTM and NAT2 are statistically

significant whileGSTT is not. The interpretation of the coefficients dsnawkward.

Researchers prefer to exponentiate the coefficamdsnterpret them as odds-ratios

We can say that for a one unit increas&®BTM, the odds of being patient (vs.

not being patient) increased by a factor of 0.2@il&rly, for a one unit increase in

NATZ2, the odds of being patient (vs. not being patiantjeased by a factor of 0.01.

% column in the table below shows the percent chamgdds for unit increase

in X. For example for a unit increase in GSTM, w@ect %71.2 decrease in the odds
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of in cancer. One unit increase in NAT2 variablerdases the odds of cancer by
90.4%. One unit increase in GSTT variable decretdmesdds of cancer by 49.4.

Even odds ratios can be hard to interpret. Instead, can also use predicted
probabilities, which are sometimes easier to uridedsthan the coefficients or odds

ratios, to interpret the results.

Although GSTT is not statistically significant, ag& can see, the predicted
probability of being patient is 0.25 if the GSTT1lisand 0.40 if the GSTM is 0 while
GSTM and NAT2 are held constant at their mean value. dreélicted probability of
being patient is 0.26 if GSTM is 1 and 0.55 if GSTVD. The predicted probability of
being patient is 0.26 if GSTM is 1 and 0.55 if GSTVD. The predicted probability of
being patient is 0.03 if NAT2 is 2, and 0.24 if NAT 1, and 0.77 if NAT2 is 0.
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Table 3.5. Predicted probabilities of positive outcome fancer

Prediction

GSTM

0 0.5471

1 0.2581
GSTT

0 0.4021

1 0.2540
NAT?2

0 0.7700

1 0.2434

2 0.0300

Result of the gene statistics

GSTM =0.77037037
GSTT =0.54814815
NAT?2 = 0.84444444

We obtained the predicted probabilities whbka predictor variables are set to
specific values: GSTM =1, GSTT=1, or NAT2=0, 1, 2s you can see, when one's
GSTT is 1, the predicted probability of being paties 0.25, and 0.75 of not being
patient. When GSTM is 1, the probability of beipgtient is0.24, 0.76 of not being
patient and when one's NAT2 is 1, the predictedbaidity of being patient is 0.24 and
not being patient is 0.76

Many reported associations between common geneailgmprphisms and
complex diseases have not been confirmed in subségtudies. An exception could be
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the association between NAT2 slow acetylation, G&TiMill genotype, and bladder-

cancer risk.

We investigated polymorphisms in NAT2, GSTM1, GSTiL59 patients with

invasive cancer of the urinary bladder and 71 aiiin Turkey.

This work to our knowledge is the first reportededor invasive bladder cancer
association with the above mentioned genotypgwoltides compelling evidence of an
increased bladder-cancer risk associated with ti8TNEL null and NAT2 slow-
acetylation genotypes. There seems to be no cborelaetween GSTT1 null genotype
alone and combined with NAT2 slow acetylation an8T®I1 null genotype and

invasive bladder cancer risk.

Table 3.6PCR and RFLP Results

Patient Control
Genotype | GSTM1|GSTT1 [NAT2 |# % # %
Gl +/+ +/+ SA 12 8.571 |5 357.143
G2 +/+ +/+ FA 1 0714 |21 15
G3 +/+ +/+ A 1 0.714 |20 142.857
G4 +/+ 0/0 A 8 5714 | - 0
G5 +/+ 0/0 FA 1 0.714 |4 285.714
G6 +/+ 0/0 A 1 0714 | 4 285.714
G7 0/0 +/+ SA 24 17.14 |8 571.429
G8 0/0 +/+ FA - 0 - 0
G9 0/0 +/+ A 1 0.714 |4 285.714
G10 0/0 0/0 SA 9 6.429 (1 0.71429
Gl1 0/0 0/0 FA - 0 3 214.286
G12 0/0 0/0 A 1 0714 |1 0.71429

The relationship betweddAT2 slow acetylation and bladder-cancer risk showed
that this association is robust and similar amdrgihvasive bladder cancer patients.
24+9/59 (17.14+6.429 %) patients have the GSTM1 all NAT2 slow acetylator
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genotype whereas only 8+1/71 (5.71+ 0.714 %) ctstnave this highly susceptible
genotype. The expected least susceptible bladdececagenotype was 1+1/59
(0.714+0.714) in the patient group whereas 21+41B%+2.85%) in the control group.
This significant difference explains us the direglationship between invasive bladder
cancer risk and carrying GSTM1 null genotype and TRAslow acetylator
simultaneously. NAT2 slow acetylator genotype alnthe most susceptible genotype
on invasive bladder cancer, 45/50 (frequency). &ltith NAT2 fast acetylator genotype
seems to be high 28/71 among controls, decreasi@gstisceptibility, the genotype
number G8 with no individuals in both patient amhttol groups can be an indication
for the combined effect of GSTM1 (+/+) genotype MAT2 fast acetylator type. 12
patients have wild type GSTM1 and NAT2 slow acdtylaln the control group, 5
people have this genotype. Percentage in the pamhcontrol group are 8,57 % and
3,57 % respectively. The number of individuals vhiave the GSTM1 null genotpe
and wild type NAT2 is 3 in the control group andne among patients. This data also
highlightes the direct relationship between GSTMAd aNAT2 slow acetylation

genotype in invasive bladder cancer patients.

Analyses by binary logistic regression suggester@eng association between

risk of invasive bladder cancer aNAT2 slow acetylatoandGSTM1 null genotypes.

This study aimed to explain the relationship betweevo genetic
polymorphisms and cancer risk. Although the ressitswed the relations, the sample
sizes for both controls and patient groups musinbeeased in order to have robust

opinion about this correlation .
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CHAPTER 4

CONCLUSION

GSTT1, GSTM1 and NAT2 gene region were amplifiedA@R. Amplification
reaction was performed to confirm the presencehef dene locus or to be able to

analyze the mutation.

First two genes, GSTT1 and GSTM1l are the genesonsgsge for
detoxification. Gene disorder that may occur insthgenes are called “deletion”.
Deletion is the physical process in which the gesmebroken off partially or
completeley. In the deletion analysis of GSTT1 &®ITM1, we amplified the these
region by using oligonucleotide primers. Thesengrs are site specific and they attach
only in these genes. After amplification reacti®®CR products were visualized in
agarose gel. In the gel, under the electrical €ffeCR products run and separated from
each other depending on their size differencesdulition to this, every human being
has two copy of a one single gene. It is hard tedevhether one or two copies of the
gene is amplified by looking the bands. In ordeb#oable to detect, we used Matlab
Program. We uploaded our gel pictures and madghimess analysis. Brighter one
shows two allele while the other refers to onelallén this method, amplification is
confirmed more precisely. Result of the experimeaigswed 35 patients carry GSTM1
mutation and 19 patient carry GSTT1 mutation.

NAT2 gene locus is also amplified with PCR. NAT2msre polymorphic gene.
In this study, we analyzed four alleles of NAT2.elBvallele is determined by different
mutation in different part of the gene. In order detect this mutation, restriction

endonucleases was used. These enzymes are sificspet has specific cutting site.
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In the thesis, we analyzed NAT2*4, NAT2*5,NAT2*6 &NAT2*7 alleles. If
the patient carries two or more mutation, it islezhl*Slow acetylator”. If the patient
carries one mutation , it is calle “Intermediateefdator”. No mutation directly refers
to “Fast Acetylator”. At the end of the experiments obtained, 52 patients were slow

acetylator, 4 patients were Intermediate acetylkanor 3 patients were fast acetylator.

Statistical Analysis showed that bof8STM and NAT2 are statistically
significant whileGSTT is not.
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