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Abstract 

Pharmacogenetics is a scientific field of study that focuses on biochemical variations in 

drug response due to genetic factors . The human cytochrome P450 (CYP) supergene 

family represents an important group of enzymes involved in the metabolism of 

exogenous substrates and xenobiotics. Genetic polymorphisms of the cytochrome P450 

enzymes result in distinct sUbpopulations that differ in their ability to perform particular 

drug biotransformation reactions. One of these drugs is the anticoagulant drug warfarin, 

which is used for the prevention of thromboembolic disorders. Treatment is not without 

complications as inter-individual differences in the response to a given dose of warfarin 

are observed, the International Normalized Ratio (INR) is calculated to monitor 

treatment. 

Warfarin (Coumadin, 4-hydroxy-3-(3-oxo-l-phenylbutyl)2H-l-benzopyran-2-one) is a 

racemic drug, and the metabolic inactivation of the more potent S-enantomere is 

regulated mainly by CYP2C9 that stereospecifically converts S-warfarin to metabolically 

inactive S-7 -hydroxywarfarin. Point mutations in the CYP2C9 gene result in the 

expression of two allelic variants CYP2C9*2 and CYP2C9*3. Individuals where either 

allele is present tend to have decreased clearance of S-warfarin and heightened 

therapeutic response to normal dosages. 

No information is available regarding the prevalence of these polymorphisms in the 

South African Caucasian population. Determination of the prevalence of these 

polymorphisms in the South African population is indicated. As a founder effect 

associated with population and non-population specific mutations has been observed for a 

number of genetic disorders within the South African Caucasian population. For the 

detection of the CYP2C9*2 and CYP2C9*3 polymorphisms, Restriction Fragment 

Length Polymorphism (RFLP) screening methodologies were established. These methods 

were used to screen two populations: a random clinic Control and an Anticoagulation 

Clinic population. In the Anticoagulation Clinic population group were divided into two 

sub-groups, those with a CYP2C9 polymorphism and those without. A correlation was 

 
 
 



made between the presence of a CYP2C9 polymorphism and mean warfarin dosage. In 

the Control popUlation (n=200) the prevalence of the CYP2C9*2 polymorphism was 20% 

heterozygous and 5% homozygous. This corresponds with a genotype frequency of 0.023 

and a carrier frequency of 0.26. For the CYP2C9*3 polymorphism 19% were 

heterozygous and 0.5% homozygous . The prevalence of compound heterozygosity was 

5.5%. For the CYP2C9*3 polymorphism the genotype and allele frequency was 0.01 and 

0.18 respectively. 

In the Anticoagulation Clinic popUlation (n=144) 20.1 % were CYP2C9*2 heterozygous 

and 0.7% were homozygous, reflecting a genotype frequency of 0.016 and a carrier 

frequency of 0.19 . The prevalence of compound heterozygosity was 1.4%. The 

CYP2C9* 3 genotype was found in 10.4% of the Anticoagulation Clinic patients. No 

homozygous individuals were found. This correlates with a genotype frequency of 0.003 

and a carrier frequency of 0.1. 

The South African Caucasian population is of Dutch, French and English descent. No 

information is available regarding the prevalence of these polymorphisms in the Dutch 

and French populations. The prevalence of the CYP2C9*2 and *3 polymorphisms is 

similar to that reported by Aithal et al. In the Anticoagulation Clinic population the 

presence of at least one CYP2C9 polymorphic allele was associated with a significant 

lower mean warfarin dosage (4.85 vs 3.71 mg/day) . 

In conclusion the CYP2C9*2 and *3 polymorphisms are found in the South African 

Caucasian population at a prevalence similar to the British population. The presence of 

one CYP2C9 polymorphic allele is associated with altered warfarin metabolism. 

Therefore in the South African Caucasian popUlation warfarin treatment strategies should 

be adjusted and include patient screening before warfarin treatment strategies are 

implemented. 

 
 
 



Abstrak 

Farmakogenetika is 'n studieveld wat fokus op genetiese verklarings vir biochemiese 

variasies in die metabolisering van medikasie. Die Sitochroom P450 (CYP) supergeen 

familie speel 'n belangrike rol in die metabolisering van eksogene substrate en sekere 

farmaseutiese middels. Genetiese polimorfismes in die CYP familie lei tot variasie in die 

vermoe van 'n individu om bepaalde medikasie te metaboliseer. 'n Voorbeeld van so 'n 

prod uk is die antistol middel warfarin. Bloeding is die bekendste newe-effek van die 

middel en pasiente se INR moet gereeld gekontroleer word om bloeding te verhoed. 

Warfarin bestaan as twee enantiomere bekend as R- en S-warfarin. Die S-vorm het 'n 

baie groter effek op die stollingstyd en word gemetaboliseer deur ensieme van die CYP 

superfamilie na die onaktiewe vorm S-7-hidroksiwarfarin. Die CYP2C9 geenproduk is 

die belangrikste ensiem betrokke by die omskakeling. Puntmutasies in die geen gee 

aanleiding tot twee polimorfismes bekend as CYP2C9*2 en CYP2C9*3. Individue waar 

die polimorfismes in een of beide alele voorkom het 'n laer tempo van metabolisering 

van warfarin en dienooreenkomstig 'n verhoogde reaksie op normale dosisse. 

Die Suid-Afrikaanse blanke populasie is van Europese herkoms. Van die mutasies wat in 

die Europese bevolkings beskryf is, kom ook in die Suid-Afrikaanse bevolking voor. Die 

voorkoms van die CYP2C9 polimorfismes is nog nie vasgestel vir die Suid-Afrikaanse 

blanke bevolking nie. Polimerase Ketting Reaksie (PKR) metodes is ontwikkel om die 

voorkoms daarvan in die Suid-Afrikaanse bevolking te bepaal. Die voorkoms is vasgestel 

in twee afsonderlike groepe. Die eerste groep het bestaan uit 200 blanke mediese studente 

wat die normale Kontrole groep vir die Suid-Afrikaanse blanke bevolking 

verteenwoordig. Die tweede groep is saamgestel uit die Antistol kliniek by die Pretoria 

Akademiese Hospitaal (144 individue). Die Antistol kliniek pasiente is verder verdeel in 

twee groepe, ' n groep waar een of beide polimorfismes teenwoordig is en 'n groep waar 

beide afwesig is. Die gemiddelde daaglikse warfarin dosis is bereken vir beide groepe, 

om vas te stel of die polimorfismes dit beYnvloed. 

 
 
 



Van die 200 individue in die bevolkings kontrole groep was 20% heterosigoties en 5% 

homosigoties vir die CYP2C9*2 polimorfisme. 'n Geenfrekwensie van 0.023 en ' n 

draerfrekwensie van 0.26 is bereken. Die CYP2C9*3 polimorfisme het heterosigoties 

voorgekom in 19% en homosigoties in 0.5% van die individue. Die frekensies kan 

uitgedruk word as 'n aleelfrekwensie van 0.18 en 'n geenfrekwensie van 0.01. Van die 

groep het 5.5% van die individue 'n kopie van beide polimorfismes bevat. 

In die Antistolkliniek was 20 .1 % heterosigoties en 0.7% homosigoties vir die CYP2C9*2 

polimorfisme, dit dui op 'n geenfrekwensie van 0.016 en 'n draerfrekwensie van 0.19. 

Slegs 1.4% van die individue het 'n kopie van beide polimorfismes bevat. Die 

CYP2C9*3 polimofisme is aangetref in 10.4% (heterosigoties) geen homosigote is 

gevind nie. Uit die data is 'n geenfrekwensie van 0.003 en 'n draerfrekwensie van 0.1 

bereken. 

Die Suid-Afrikaanse bevolking is van Nederlandse-, Franse- en Britse afkoms. Die 

voorkoms van die polimorfismes is onbekend vir die Nederlandse en Franse bevolkings; 

en soorgelyk aan die bevindings van Aithal vir die Britse bevolking. 

In die Antistol kliniek is die teenwoordigheid van een of meer van die polimorfismes 

geassosieer met verlaagde daaglikse warfarin dosis. In die groep waar die polimorfismes 

afwesig was, was die gemiddelde daaglikse dosis 4.85mg/dag teenoor die 3.71 mg/dag in 

die teenwoordigheid van een of meer kopiee van die polimorfismes. 

Ter samevatting, die voorkoms van die CYP2C9*2 en CYP2C9*3 polimorfismes 

vergelyk goed met die van die Britse bevolking. Dit is duidelik dat die teenwoordigheid 

van een of beide polimorfismes verb and hou met verlaagde dosisse van warfarin. Die 

bevindings van hierdie studie dui daarop dat dit sinvol sal wees om pasiente te toets vir 

hierdie polimorfismes voordat daar met warfarin behandeling begin word. 

 
 
 



Chapter 1: 

Literature review. 

1.1 Introduction. 

The human cytochrome P4S0 (CYP) supergene family represents an important group of 

enzymes involved in the metabolism of exogenous substrates and xenobiotics (1,2) . Genetic 

polymorph isms of the P4S0 enzymes result in distinct patient sub-populations that differ in 

their ability to perform particular drug biotransformation reactions (3 ,4,S ,6). The 

anticoagulant drug warfarin, is widely used to control and prevent thromboembolic disorders. 

Inter-individual differences in the response to a given dose of warfarin requires careful 

monitoring of the International Normalized Ratio (INR) to prevent bleeding complications 

(7,8). 

Warfarin (Coumadin, 4-hydroxy-3-(3-oxo-l-phenylbutyl)2H-I-benzopyran-2-one (9)) is a 

racemic drug (10), and the metabolic inactivation of the more potent S-enantomere is 

controlled by CYP2C9 isoenzymes that stereospecifically converts S-warfarin to 

metabol ically inactive S-7 -hydroxywarfarin and S-6-hydroxywarfarin (4,S ,6, I0). Point 

mutations in the CYP2C9 gene results in the expression of a number of allelic variants 

including CYP2C9*2 and CYP2C9*3 (4,S,6). Individuals that are homozygous for either 

polymorphisms or compound heterozygous for both alleles, present with decreased clearance 

of S-warfarin and heightened therapeutic response to normal dosages (1 ,4,S ,6, 11,12). 

The prevalence of the CYP2C9*2 and the CYP2C9*3 polymorph isms in white European 

populations varies from 8-38% and 7-19% respectively (1 ,13). The frequency of homozygous 

for CYP2C9*2 in the Caucasian population is about 20% (14, IS) and only I % in the African­

American population (16) . The frequency of homozygosity for CYP2C9*3 in the Caucasian 

population is 8.S% and is rare in the Chinese and Japanese populations (1S, 16). 

An increased prevalence of homozygotes or compound heterozygotes for CYP2C9*2 and 

CYP2C9*3 was observed for patients on a low warfarin dose when compared to a random 

clinic control group (4,16, 17). Furthermore a significant proportion of these patients 

 
 
 



2 

experienced difficulties at the time of induction of therapy, and had increased bleeding 

complications when compared to clinic controls (4). Freeman et al (5) tested 38 patients 

receiving chronic warfarin therapy, or undergoing the initiation of warfarin therapy. The 

CYP2C9*2 and CYP2C9*3 alleles were found in 34% of the patients tested. In addition the 

presence of CYP2C9*2, CYP2C9*3 or CYP2A6*2 alleles were associated with a significant 

reduction in the weekly warfarin dose (1 ,6,18,19,13). Taube et al (6) also observed that the 

maintenance dose of warfarin was significantly related to genotype where mean maintenance 

dosages for patients with the CYP2C9*2 and CYP2C9*3 polymorph isms were reduced when 

compared to wild-type (CYP2C9*1) patients. 

The South African Caucasian population is of European descent and a founder effect has 

been observed within this population for a number of genetic mutations. This includes an 

increased prevalence of known mutations (e.g. Hereditary Haemochromatosis (20)) or of 

mutations specific (e.g Porphyria Variegate (21)) for the South African Caucasian popUlation. 

For this reason it is important to determine the prevalence of the CYP2C9*2 and the 

CYP2C9*3 polymorphisms in the South African popUlation before a diagnostic service can 

be implemented to test for these polymorphisms. 

The objectives of this study is to establish and optimise screening methodologies for both the 

CYP2C9*2 and CYP2C9*3 polymorph isms. These procedures will be performed in a South 

African Caucasian random Control and Anticoagulation clinic population. The presence of a 

CYP2C9 polymorphism will be correlated with mean warfarin dosage. The gene and allele 

frequency as well as the prevalence of compound heterozygosity will be determined. This 

study will provide important information that will be used in the implementation of testing 

strategies for patients that do not conform to the standard protocols of warfarin therapy. 

1. 2 The Cytochrome P450 family of enzymes. 

The cytochrome P450 (CYP) super family is a highly diversified set of heme containing 

proteins. These proteins were discovered in 1958 by their unusual reduced carbon monoxide 

difference spectrum that has an absorbance at 450 nm, thus Pigment at 450 nm or P450 (2). 

This increase in absorbance is due to a thiolate anion acting as the 5th ligand to the heme. 

The most common reaction catalyzed by P450 is hydroxylation, often of a lipophilic 
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substrate. Consequently, this family of proteins are frequently called hydroxylases, but P4S0 

proteins can perform a wide spectrum of reactions including N-oxidation, sulfoxidation, 

epoxidation, N-, S-, and O-dealkyJation, peroxidation, deamination, desulfuration and 

dehalogenation (22). In bacteria these proteins are soluble and consist of approximately 400 

amino acids while in eukaryotics the P4S0s are larger, about SOO amino acids and are usually 

membrane bound through an N-terminal hydrophobic peptide (23). The eukaryotic P4S0 

proteins are found in the endoplasmic reticulum (ER) membrane and the mitochondrial inner 

membrane (24). 

Cytochrome P4S0s are sometimes called mixed function oxidases or monooxygenases due to 

the manner in which molecular oxygen is incorporated into product. In the usual 

hydroxylation, one atom of oxygen is added to the substrate and the other contributes to 

forming a water molecule (22). 

R= Substrate 

This process is complex and requires the donation of two electrons sequentially from an 

electron donor. The type of donor depends on the location of the P4S0 in the ceil, or whether 

it is a bacterial protein or an eukaryotic protein. In the ER membrane, NADPH cytochrome 

P4S0 reductase is the usual electron donor, though cytochrome bS can also participate. In the 

mitochondria, ferredoxin (adrenodoxin) and ferredoxin reductase (adrenodoxin reductase) 

form a short electron transfer chain to supply electrons. The bacterial donors are of both 

types. The Bacillus megaterium P4S0 CYPI02 actually has the NADPH cytochrome P4S0 

reductase fused to the P4S0 in a single gene (2S). 

Functionally the CYP enzymes can roughly be divided into two groups. The first group is 

involved in biosynthesis of low-molecular weight regulators of various biological functions. 

The formation of steroid hormones from cholesterol is a typical example involving several 

very specific CYP enzymes (2S). The second class of mammalian CYP enzymes takes part in 

metabolism of various compounds including drugs, food preservatives, many toxicants and 

carcinogens (22,26). 

There are more than 1S00 known P4S0 sequences and therefore to aid in communication, a 

standardized nomenclature system has been established (27). This nomenclature is based on 
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evolution of the protein sequences, with similar sequences being clustered into families and 

subfamilies. The root of the cytochrome P450 names is CYP, this is the super family name. 

The primary structure of the families in the super family should not differ by more than 60% 

(40% homology) and is labelled with numerical numbers e.g. CYPI and CYP2. The 

subfamilies are labelled with alphabetical symbols e.g. CYPIA and CYPIB and the primary 

structure should be 55% identical (i.e. 55% homology) (Figure 1.1) (2,22). 

Superfamily 

CYP1 CYP2 CYP3 CYP4 Family 

/+~ 
CYP3A CYP3B CYP3C Subfamily 

CYP3B1 CYP3B2 Position 

Figure 1.1: Schematic presentation of the nomenclature of the CYP450 family. 

This study focuses on the CYP2C9 gene. Thus, Cytochrome P450 (CYP), the second family 

of enzymes (CYP2), subfamily C (CYP2C) enzyme number 9 (CYP2C9). The three 

polymorphisms that will be studied in this gene is known as the CYP2C9* 1 (wild type), 

CYP2C9*2 and CYP2C9*3. The CYP2C9 gene transcribes for S-mephenytoin 4-hydroxylase 

(28). This enzyme consists of 490 amino acids with a molecular weight of 55 627 Da (28). 

The eukaryotic P450s are membrane bound and are therefore difficult to isolate and only 

recently a crystal structure of a representative enzyme has been obtained (Figure 1.2). The 

general structure is globular, almost triangular, with the C-terminal half being helix rich and 

the N-terminal half being more beta sheet rich. The C-terminal half is more highly 

conserved. The P450 signature motif includes the heme ligand Cys and is usually 

represented as FXXGXXXCXG (X representing any unspecific amino acid) , though there are 

exceptions at all three non-cys positions. This heme-binding region is about 50 amino acids 

from the C-terminal of the protein. The helix rich half of the protein starts with the I-helix . 
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1.4 Warfarin metabolism. 

The anticoagulant, warfarin, produces its anticoagulant effect by preventing the activation of 

vitamin K-dependent coagulation factors II (prothrombin), VII, IX and X. The reduced form 

of Vitamin K, vitamin KH2 is a cofactor in the carboxylation of these coagulation factors and 

warfarin directly inhibits two enzymes that regenerate vitamin KH2, vitamin K epoxide 

reductase and Vitamin K reductase (Figure 1.3) (10,31,32). In addition warfarin also inhibits 

carboxylation and subsequent activation of protein factors C and S (33). 

glu gla 
--N-c-c-­ --N-c-c·· 

c c 
c- coo ooc-c-coo 

Vit KH2 Vit KO 

kVi~ 
\ K1 .. I 

' ... Warfariy 
Blocks 

1. KO· reductase - warfarin sensitive 
2. 	 K - reductase - relatively warfarin 

resistant 

Figure 1.3: Indicating the molecular sites of action of Warfarin (32). 

Warfarin is a racemic mixture with R-warfarin as the predominant component in a steady 

state ratio of 0.5: 1 (S-warfarin: R-warfarin) . However S-warfarin is 5 times more potent than 

R-warfarin and therefore mediates its hematologic effect predominantly through its S­

enantiomer. The S-enantiomer is then oxidized to its main inactive form S-7-hydroxywarfarin 

(Figure 1.4) (21,34) by two subfamilies of the cytochrome P450 complex (CYP2C9 and 

CYP2A6) to the inactive metabolite that is excreted in the bile (5). The CYP2C9 accounts for 

80-85% of the metabolism of the S-enantiomer (16). Therefore any genetic polymorphism 

that would affect enzyme activity would have a profound effect on the metabolism of 

warfarin . 
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Minor pathways (Figure 1.4) of S-warfarin metabolism includes 6-hydroxylation by CYP2C9 

and 4-hydroxylation by CYP2C8, CYP2C 18 or CYP2C 19. The metabolism of R-warfarin is 

more complicated where CYPIAl, CYPIA2, CYP2C9, CYP2C18 and CYP2C19 are 

responsible for a number of hydroxylation reactions (35). 

Warfarin plasma concentration is inversely proportional to plasma clearance, and the plasma 

clearance of S-warfarin (0.0744 mllminute/kg) is twice that of R-warfarin (0.0357 

mllminute/kg) (36). Reduction in the clearance of S-warfarin would increase the S­

warfarin:R-warfarin ratio and have an influence on the INR. Individuals with the CYP2C9*2 

and CYP2C9*3 polymorph isms have decreased clearance of S-warfarin and therefore also an 

increased plasma concentration ratio when compared to R-warfarin . In patients homozygous 

for CYP2C9* 1 the steady state for the S-warfarin: R-warfarin ratio is 0.5: 1 (37). In patients 

with allelic variants the relative concentration of S-warfarin increases and a ratio of 

0.87:1(37) is observed for a patient homozygous for CYP2C9*2 polymorphism and 4:1(37) 

for a patient homozygous for the CYP2C9*3 polymorphism. 

0 
S-Warfarin II 

OH 
H 

CYP2C9 
~ 


6 ~ 
 ~ 
CYP2C8 

~ 4- CYP2C18 
/7 0 0 CYP2C19 

~ 

8
CYP2C9 

o
R-Warfarin I 


OH 10 __ CYP3A4 
CYP~ 

_____ 6 

CYP1A1 H"'O~ CYP2C9
CYP1A2 ~ o ~ 4"- CYP2C18o/7 8 
CYP1A1 t 
CYP1A2 
CYP2C8 CYP1A1 

CYP1A2 
CYP2C19 

Figure 1.4: Sites of hydroxylation of R- and S-warfarin catalyzed by human 

cytochrome P450. Bold =major metabolic pathway (35). 

 
 
 



8 

1.5 The CYP2C9 genes, enzymes and polymorphisms. 

Enzymes in the human CYP2C gene subfamily are clustered on chromosome 10q24 and are 

contained within a 300 kb region (38). Four CYP2C genes with polymorphisms have been 

identified CYP2C8, CYP2C9, CYP2C 18 and CYP2C 19 (39). The CYP2C9 gene is expressed 

the highest concentration in the human liver (35). The transcribed protein of the CYP2C9 

gene is known as mephenytoin 4-hydroxylase (Figure 1.2) and is responsible for the 

metabolism of 80% of the S-warfarin (4,5,6). Therefore polymorphisms within this region 

would make the largest contribution to impaired warfarin metabolism (16,40). 

MDSL VVL VLC IO LSCLLLLSL W20 RQSSGRGKLp30 PGPTPLPVIG40 

NlLQIGIKDl50 
.. .IRNFGMGKRS I40 lED R VQEEAR 150 CLVEELRKTK160 

... DRSHMPYTDA350 VVHEVQR Y I D360 LLPTSLPHA V370 
... 

PFYQLCFIPV490 

Figure 1.5: Regions of CYP2C9*1 amino acid sequence showing the positions of the 

CYP2C9*2 and *3 polymorphisms in S-mephenytoin 4-hydroxylase enzyme (28). 

Point mutations of the CYP2C9 gene, CYP2C9*2 (cysteine (C) substituted for arginine (R)) 

(Bold red, Figure 1.5) at amino acid 144 (R144C)) and CYP2C9*3 (leucine (L) is substituted 

for isoleucine (1)) (Bold red, Figure1.5) at amino acid 359 (1359L)) are associated with 

impaired warfarin metabolism (4-10) (Table 1.1). 

Table 1.1: Classification of CYP2C9 Genotypes (41). 

Amino acid Nucleotide Polymorphism Genotype 

Arg-144 to Cys CGT/CGT CYP2C9*1 Homozygous, normal 2C9*1/2C9*1# 

CGT/TGT CYP2C9*2 Heterozygous 2C9*1/2C9*2 

TGT/TGT CYP2C9*2 Homozygous, polymorphic 2C9*2/2C9*2 

lIe-359 to Leu ATT/ATT CYP2C9*1 Homozygous, normal 2C9*1/2C9*1# 

ATT/CTT CYP2C9*3 Heterozygous 2C9*1/2C9*3 

CTT/CTT CYP2C9*3 Homozygous, polymorphic 2C9*3/2C9*3 

Compound 
heterozygous 

TGT/CTT CYP2C9*2/CYP2C9*3 Heterozygous 2C9*2/2C9*3 

# Absence of both mutations within this allele. 
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In addition CYP2A6*2 (histidine is substituted for leucine at amino acid 160 (H160I) and 

CYP2C6*3 (multiple mutations) also contributes to impaired warfarin metabolism. 

Individuals that are homozygous for the CYP2C9*2 and CYP2C9*3 polymorphisms present 

with reduced enzymatic activity of 12% and 5% respectively when compared to the wild type 

CYP2C9* 1, homozygous normal genotype (6). An individual that is heterozygous for 

CYP2C9*2 and *3 will present with 56% and 52% activity respectively. Compound 

herozygosity with a single copy of the polymorphism on each allele will present 9% of 

normal enzyme activity (6,42). 

The effect that the CYP2C9*2 and CYP2C9*3 polymorphisms have on warfarin dosage has 

been studied by several researchers (Table 1.2) (43). A single copy of the CYP2C9*2 

polymorphism, will result in a 13%-22% decrease in the mean warfarin maintenance dosage. 

Heterozygosity for the CYP2C9*3 polymorphism also results in a 21-42% decrease in the 

mean warfarin maintenance dosage. In these population studies (43) only a few individuals 

would have been expected to be homozygous for the CYP2C9*2 and *3 polymorphisms and 

therefore care must be taken when interpreting the results. However from Table 1.2 it can be 

seen that homozygosity or compound heterozygosity does results in a decrease in the mean 

maintenance dosage of 18-87% (43) . 

The CYP2C9*3 polymorphism occurs in a very important site, the binding receptor site 5 

(SRS-5) (44). Secondary modelling predicts that this region falls in a ~-strand aligned with 

CYP101 (Section 1.2). The Ile-359 to Leu variant disrupts this part of the structure. 

Kaminsky et al (45) found variable results for S-warfarin 7-hydroxylation V max with similar 

activities for the variants with microsomes from the yeast expression system, but lower 

activity for the Ile-359 to Leu variant using purified and reconstituted CYP, while Sullivan­

Klose (41) found the Km to be higher for the IJe-359 to Leu variant. 

The CYP2C9*2, Arg-144 to Cys (Table 1.1) residue is not within the defined (44) substrate 

recognition sites (SRSs). It is however in close proximity of SRS-l. Structural modeling of 

this region of the protein predicts a stretch of a-helix consistent with alignments with 

CYPI 0 1 (44,46). The CYP2C9*2 polymorphism will disrupt the a-helix and alter the 

functionality of the protein. The functional effect on this protein has been described by a 

number of studies. The results were conflicting. Rettie et al (42) and Sullivan-Klose et al (41) 

reported that the Km for S-warfarin 7-hydroxylation remained unchanged in the CYP2C9*2 
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polymorphic enzyme. In contrast, the V max value was reported to be unchanged (41), 

decreased ten-fold (42) and increased three-fold (45) when compared to wild type activity. 

Rettie (42) reported a five to six fold lower VmaxlKm relationship for the Arg-144 to Cys 

variant enzyme. Individuals who express the variant enzyme would therefore be expected to 

be slower metabolizers of warfarin. 

Bhasker et al (1) stud ied the RNA expression of alleles in individuals heterozygous for 

R 144C. Using reverse transcription Polymerase Chain Reaction (PCR), the authors found that 

the R144C had a 5-10 times higher level of expression than in the normal Arg 144 allele. 

Although the actual effect of the R144C su bstitution is not known, it is however accepted that 

patients either heterozygous or homozygous present with altered warfarin metabolism (Table 

1.2). 

Table 1.2: The effect of CYP2C9 genotypes on mean warfarin maintenance dose as 

mg per day (percentage reduction in comparison to prescribed doses for wild type genotype 

1*/1 *) (43). N=size of the population studied. 

Population N *1/*1 *1/*2 *1/*3 *2/*2 *2/*3 *3/*3 

Caucasian 94 4.7 3.S 

(l9%t) 

nd nd nd nd 

Caucasian 52 4.25 3.5 

(J8%t) 

2.5 (41%t) 3.5 

(J8%t) 

nd nd 

Caucasian ISO 6.7 5.2 

(22%t) 

3.S (43%t) 5.2 

(22%t) 

1.S (73%t) nd 

Caucasian 561 5.01 4.3 

(J4%t) 

3.97 

(21%t) 

3.0 

(39%t) 

4.1 (J8%t) 

2.3 (59%t) 

0 

1.6 (71%t)Caucasian IS5 5.6 4.9 

(J3%t) 

3.3 (41%t) 4.1 

(27%t) 

Asian 47 3.0 nd 1.S (42%t) nd nd 0.4 (87%t) 

nd= not determined 
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1.6 Prevalence of the CYP2C9*2 and *3 polymorphisms in different 

populations. 

The distribution of the CYP2C9*2 and *3 polymorphisms differ between different 

populations. Not only can differences in the prevalence of each polymorphism occur but one 

type may be more predominant than the other. In the Caucasian population the prevalence of 

the CYP2C9*2 polymorphism varies from 8-19.1% (4,6) and is higher than that found in the 

indigenous Canadian, Afro-American and Asian populations (Table 1.3). In contrast the 

CYP2C9*3 polymorphism is more common in the Asian population (1.7-5%) than the 

CYP2C9*2 (0%) polymorphism (43). The prevalence of the CYP2C9*3 polymorphism in 

Asians is however still lower than that found in the Caucasian population (6-10%). Two 

polymorphisms, namely CYP2C9*4 and *5 have been identified in the Afro-American and 

the Asian populations, however no studies have been undertaken to determine whether these 

polymorph isms are speci fic for these populations (48) . 

Table 1.3: Prevalence of CYP2C9 polymorph isms among different ethnic groups 

(43). 

Polymorphism CYP2C9*1 CYP2C9*2 CYP2C9*3 CYP2C9*4 CYP2C9*5 

Point mutation Arg14J11e359 Cys14Jlle359 Arg1~Leu359 Arg14JThr359 Arg14JG1u36o 

Caucasians 79%-86% 8%-19 .1% 6%-10% nd nd 

Indigenous Canadian 91% 3% 6% nd nd 

African American 98.5% 1 %-3 .6% 0.5%-1 .5% nd 2.3% 

Asians 95%-98.3% 0% 1.7%-5% 0%-1.6% 0% 

nd=not determined 

The South African Caucasian population is of European origin and is mostly of English, 

French and Dutch descent. The prevalence of these mutations in the French and Dutch 

populations has not been documented. Many studies have been undertaken in the British 

population and will be discussed in greater detail due to their relevance to this study . Aithal 

et al (4) in 1999 studied the prevalence of the CYP2C9*2 and *3 polymorphisms in a 

population from North-East England. The population consisted of three groups, a community 

control (a random control group of 100 individuals), a clinic control group (52 patients 

attending the anticoagulation clinic) and a low dosage clinic control group (patients (n= 36)) 
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receiving a warfarin maintenance dosage of 1.5 mg/day or less for 3 consecutive days. These 

results are tabulated in Table lAa-c . Although a small population study, some information 

can be obtained regarding the allele and gene frequencies of the CYP2C9*2 and *3 

polymorphisms in this particular British population. 

In the community control group studied by Aithal (4), none of the individuals screened were 

homozygous for any of the polymorph isms while two percent of the population was 

compound heterozygous (Table 1Aa). From this data an allele frequency and a gene 

frequency can be calculated . The allele and gene frequency for the CYP2C9*2 polymorphism 

was 0.19 and 0.0 I 4 respectively. For the CYP2C9*3 polymorphisms the frequencies were 

0.18 and 0.01 respectively while the frequency of compound heterozygosity was 0.034. Both 

polymorph isms were present in the same population at the same gene and allele frequency. 

Table 1.4a: The prevalence of the CYP2C9*2 and *3 polymorphisms in the 

community control group of North East England (4). 

CYP2C9*2 

M.. 
Cj) 

u 

-/­ +/­ +/+ 

-/­ 60% 20% 0% 
N 
[l, 

>­
+/­ 17% 2% 0% 

u +/+ 1% 0% 0% 

In the clinic control group 2% of the population was homozygous for the CYP2C9*2 

polymorphism. No individuals homozygous for the CYP2C9*3 polymorphism or compound 

heterozygous for the CYP2C9 polymorphisms were found (Table lAb). In this population the 

calculated CYP2C9 *2 gene and allele frequencies was 0.011 and 0.187 respectively. The 

gene frequency for the CYP2C9*3 polymorphism was lower at 0.009 and the allele frequency 

was 0.17. The calculated frequency for compound heterozygosity was the same as for the 

community control group. The allele frequencies was the same for the community control and 

random clinic control group. 
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Table 1.4b: The prevalence of the CYP2C9*2 and *3 polymorph isms in the random 

clinic control group of North East England (4). 

CYP2C9*2 

M 

" 0) 
() 

-/­ +/­ +/+ 

-/­ 62% 17% 2% 
N 
a.. 
>­.() 

+/­ 19% 0% 0% 

+/+ 0% 0% 0% 

Likewise the gene frequencies and the allele frequencies can be determined for the clinic low 

dosage group. In the clinic low dosage group 6% of the population was CYP2C9*2 

homozygous, 0% were CYP2C9*3 homozygous while 14% of the population was compound 

heterozygous (Table lAc). This translates into a gene and allele frequency of 0.08 and 0.41 

respectively for the CYP2C9*2 polymorphism. Similarly the prevalence of the CYP2C9*3 

polymorphism is also increased at a gene and allele frequency of 0.044 and 0.33 respectively. 

The incidence of compound heterozygosity at 0.135 is higher than found in the community 

and clinic control groups. As shown in Table 1.2 the presence of a single copy of either the 

CYP2C9*2 and *3 polymorphisms is associated with a decrease in the amount of warfarin 

required. For the random community and clinic control group, the percentage of the 

population presenting with pol ymorph isms associated with impaired warfarin metabolism is 

40% and 38% respectively. 

Table 1.4c: The prevalence of the CYP2C9*2 and *3 polymorph isms in the low dose 

clinic group of North East England (4). 

CYP2C9*2 

M 

" 0) 
() 

-/­ +/­ +/+ 

-/­ 19% 33% 6% 
N 
a.. 
>­
() 

+/­ 28% 14% 0% 

+/+ 0% 0% 0% 

In the low dosage warfarin group the gene frequency of the CYP2C9*2 polymorphism was 

eight times higher that found in the community and the clinic control groups. The gene 

frequency for the CYP2C9*3 polymorphism and compound heterozygosity was four times 

 
 
 



14 

greater than the control populations. The prevalence of genotypes associated with altered 

warfarin metaboism increases from 38-40% for the control populations to 81 % in the low 

warfarin dosage group. 

Redman (49) reported that the frequency of homozygotes for the CYP2C9*2 polymorphism 

in the American Caucasian population was about 20% (14,15) and 8.5% for the CYP2C9*3 

polymorphism. Freeman et al (5) studied the prevalence of the CYP2C9 and CYP2A6 

mutations in 38 patients either chronically receiving warfarin therapy or undergoing the 

initiation of warfarin therapy. Within this group an allele frequency of 21 % was observed for 

CYP2C9*2 and 8% for the CYP2C9*3 mutations respectively. Overall 34% of the patients 

possessed a genotype, associated with impaired warfarin metabolism. 

In a larger population study, Taube et al (6) undertook to determine whether the presence of 

CYP2C9 polymorphisms would influence warfarin sensitivity and risk of over­

anticoagulation in patients on long-term treatment as prescribed by the Cambridge 

anticoagulant clinic. A total of 561 patients with a target INR of 2.5 who had been treated 

with warfarin for more than 2 months were screened. The prevalence of the CYP2C9*2 and 

*3 polymorphisms in the population studied are presented in Table 1.5. 

Table 1.5: The prevalence of the CYP2C9*2 and *3 polymorphisms in a clinic 

population of 561 patients with a target INR of 2.5 (6) . 

CYP2C9*2 

C"') 
l< 
0) 
(J 

-/­ +/­ +/+ 

-/­ 69.9% 19.1% 0.5% 
N 
a. 
>­
(J 

+/­ 9.5% 1% 0% 

+/+ 0% 0% 0% 

In the population 0.5% and 0% were homozygous for the CYP2C9*2 and *3 polymorph isms 

respectively, while 1 % of the population was compound heterozygous. The calculated gene 

and allele frequencies for the CYP2C9*2 polymorphism were 0.011 and 0.19 respectively. 

For the CYP2C9*3 polymorphism the gene and allele frequencies were 0.0025 and 0.095 

respectively. The frequency for compound heterozygosity was 0.018. Furthermore 30% of the 

popUlation were found to have polymorphisms associated with altered warfarin metabolism. 
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The gene frequency for the CYP2C9*2 polymorphism is similar to that found by Aithal et al 

(4) in the community and clinic control population. However these results are considerably 

lower than that reported by Aithal et al (4) for the clinic low dosage group. These differences 

could be due to the criteria used to select patients where Aithal et al (4) selected patients with 

a warfarin maintenance dosage of 1.5 mg/day while the selection criteria used by Taube et al 

(6) was 2.5 mg/day. However both studies do show that at least 20% of the population 

studied have a CYP2C9*2 polymorphism that is associated altered warfarin metabolism. The 

gene frequency of compound heterozygotes varied greatly, 0.034 vs 0.018, for the clinic 

control groups. In the study of Aithal et al (4) the frequency of both CYP2C9*2 and *3 were 

similar while in the study of Taube et al (6) the CYP2C9*2 is the predominant 

polymorphism. The study of Taube et al (6) is a clinic-based study, and the 30% prevalence 

of CYP2C9 polymorphisms associated with altered warfarin metabolism, is considerably less 

than the 40% reported by Aithal et al (4) for the general British population. 

Redman (49) incorrectly reported from studies undertaken by Miners et al (15), Yamazaki et 

al (16) and Kimura et al (15) a frequency of 20% homozygosity for CYP2C9*2 and 8.5% 

homzygosity for the CYP2C9*3 polymorphism in the Caucasian population. However these 

findings coincide with the allele frequencies and not gene frequencies. Factors such as 

population size and patient selection criteria are critical when determining the frequencies of 

a polymorphism in a population, especially if it is rare. 

1.7 Detection of the CYP2C9*2 and CYP2C9*3 polymorphisms. 

The presence of the CYP2C9*2 and *3 polymorphisms are determined using restriction 

fragment length polymorphism (RFLP) polymerase chain reaction (PCR). PCR has a wide 

range of applications in the field of medical diagnostics. The major advantages of PCR is that 

once correctly optimised it is highly specific, requires small amounts of DNA, is a rapid, cost 

effective method that can be used to screen large populations for specific mutations or 

polymorph isms. DNA is usually isolated from the leukocyte population of the blood. This 

involves the collection of a single uncoagulated blood sample using the established 

phlembotomy services within a clinical laboratory. DNA can be isolated immediately, the 

blood can be frozen and the DNA isolated at a later stage or the DNA can be isolated and 

stored for extended periods of time. All DNA isolation procedures include the following 
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basic steps: cell lysis, solubJization of protein and DNA, and selective isolation of DNA from 

all other cellular components. The most frequently used methods are phenol/chloroform 

extraction, selective precipitation or selective binding to a membrane, column or particulate 

matrix . The method of choice should fulfil the following requirements; the isolation of pure 

intact DNA, limited exposure to chemical and biological interference, rapid, high throughput 

capacity, reproducibility and cost effectiveness (50). 

The method of Stubbins et al (51) and Sullivan-Klose et al (41) for the detection of the 

CYP2C9*2 and *3 polymorph isms respectively involves the amplification of a specific DNA 

fragment that contains the region where the single nucleotide substitution has occurred. Two 

primers, short nucleotide sequences (18-24 bp) that are highly specific and complementary to 

the region to be amplified are required. Several variables must be taken into account when 

designing PCR primers. Among the most critical are: primer length, melting temperature I, 

specificity, complementary primer sequences, G/C content and polypyrimidine (T, C) or 

polypurine (A, G) stretches at the 3' -end (19). Amplification consists of three basic steps. 

First, the target genetic material must be denatured-that is, the strands of its helix must be 

unwound and separated-by heating to 90-96°C. The second step is hybridisation or annealing, 

in which the primers bind to their complementary bases on the now single-stranded DNA. 

The third is DNA synthesis by a DNA Taq polymerase (isolated from the thermophilic 

eubacterium Thermus aquaticus EM, a strain that lacks Taq I restriction endonuclease 

activity) (52). Taq polymerase Lacks 3' to 5' exonuclease activity, But has a 5' to 3' 

polymerisation-dependant exonuclease activity and removes nucleotides ahead of the newly 

synthesized strand. Starting from the primer, the Taq DNA polymerase can rapidly read a 

template strand and match it with complementary nucleotides (53). The result is two new 

helixes in place of the first, each composed of one of the original strands plus its newly 

assembled complementary strand. The entire process is repeated for a number of cycles with 

an exponential increase in the number of new strands that are synthesised either using the 

DNA or newly synthesized strands as template (54). PCR amplification methodologies 

usually start as techniques that developed in a research environment to determine whether a 

mutation or polymorphism is associated with a disorder. Once a positive correlation is 

obtained and testing is applicable to the population for which a service is provided it will 

become a part of the repertoire of testing found in a molecular diagnostic laboratory. 
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To achieve this end, several parameters need to be optimised such as MgCh, primer, Taq 

DNA polymerase and DNA concentration. The optimal Taq DNA polymerase enzyme 

activity is between 0.5 and 2.5 units. Increased enzyme concentration sometimes leads to 

decreased specificity (52,54). The concentration of Mg2+ influences Taq DNA polymerase 

activity. It increases the Tm of double stranded DNA and forms soluble complexes with 

dNTP's to produce the actual substrate that the Taq DNA polymerase recognizes . The 

concentration of free Mg2+ depends on the concentration of compounds that bind the ion, 

including dNTP's, free pyrophosphate and EDTA. The concentration of magnesium in the 

PCR reaction is critical to the success of the reaction (55). The final magnesium 

concentration in the reaction mixture may be optimised by the user according to individual 

requirements and is usually between 1.0 and 3.5 mM. Higher Mg2+ increases the PCR yield 

but decreases the specificity of the reaction (increases the formation of primer dimers). A 

lower Mg2+ concentration increases the specificity but reduces the yield (52,54). To improve 

specificity and yield of difficult targets in PCR amplifications, researchers often include 

enhancing agents in the reaction (56). The two PCR enhancing agents that deserve particular 

mentioning are betaine (N, N, N-trimethylglycine) and dimethyl sulphoxide (DMSO). DMSO 

is probably the most commonly used enhancing agent and is frequently included as part of 

standard optimising of PCR amplifications (47). Both of these agents facilitate strand 

separation; DMSO disrupts base pairing whereas betaine, an iso-stabilizing agent, equalizes 

the contribution of GC- and AT-bases pairing to the stability of the DNA duplex (52,57). 

Above mentioned parameters must be optimised for a standard PCR methodology such as 

that used for the detection of the CYP2C9*2 polymorphism. This becomes even more 

important for methodologies where a mismatch primer is used to create a specific restriction 

site. The method of Stubbins et al (51) is a standard RFLP method where two primers 

following amplification lead to the formation of a 190 bp amplification product (41). The 

CYP2C9*3 nucleotide substitution does not naturally create or destroy a restriction site. A 

restriction site was forced into the forward primer' 5- aat aat aat atg cac gag gtc cag aga tgc­

3'(where g is the site of the forced mismatch), such that A1061 in combination with the 

mismatch creates a restriction site (a tgc 3t)(a = A1061) for the Nsi I restriction enzyme. 

The 3' terminal position in PCR primers is essential for the control of mis-priming (5). The 

inclusion of a G or C residue at the 3' end of primers usually reduces the effect of primer 

mispriming. Not only does the inclusion of a g at at the site of the forced mismatch creates a 
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site for the restriction enzyme Nsi I but it provides an additional "GC Clamp" that helps to 

ensure correct binding at the 3' end due to the stronger hydrogen bonding of G/C residues 

(58). 

Restriction enzymes recognise specific sites of different length and base composition. The 

typical restriction site is an exact palindrome of 4-8 bp with an axis of rotational symmetry. 

The number and the size of the fragments generated by a restriction enzyme depend on the 

frequency of occurrence of the restriction enzyme site in the DNA to be cut. In RFLP a 

restriction enzyme is used that recognizes the sequence where the point mutation has 

occurred (52). If the substitution has occurred, the restriction enzyme will recognise the 

sequence, bind and cut the site resulting in two fragments, usually of different size, that can 

be resolved by gel electrophoresis . If the mutation is absent the DNA fragment is not cut. 

Often if no restriction enzyme is found that recognises the mutation site, then an enzyme is 

chosen that recognizes the normal sequence. Subsequently the reverse is observed the DNA 

fragment without the mutation is cut and the fragment with the mutation is not. The T-C 

substitution at codon 144 for the CYP2C9*2 polymorphism results in the loss of a restriction 

site for Ava II (41) . Therefore Ava II will digest the 190 bp amplification product from an 

individual that has the normal allele. As the normal genotype, where the polymorphism is 

absent, is the most common genotype, this type of RFLP-PCR design is ideal as it serves as 

an internal control ensuring that complete and effective digestion has occurred. 

The RFLP digestion products are usually separated according to sIze by either 

polyacrylamide or agarose gel electrophoresis. The RFLP digestion products produce 

different banding patterns following gel electrophoresis and these are used to identifY 

whether an individual is homozygous normal, heterozygous or homozygous for either the 

CYP2C9*2 or *3 polymorphisms. 

1.8 Nucleotide sequencing. 

To verify that the PCR product contains the point mutation of interest and represents the 

correct nucleotide region where the polymorphism occurs, the PCR product needs to be 

sequenced either by manual or automated sequencing. Chain termination is the predominant 

method used for DNA sequencing. For DNA sequencing all the components needed for in 
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vitro DNA synthesis are combined in a reaction. This includes Taq DNA polymerase and 

additionally adding a 2',3'-dideoxynucleotide (ddNTP's) . The ddNTP's can be incorporated 

into a DNA structure with the usual elongation step of DNA synthesis through a bond 

formation between the 3' carbon of the last incorporated 3' terminal sugar and the 5' 

phosphate group of the ddNTP. The ddNTP however lacks the 3' -OH group necessary for 

phosphodiester bond formation, which is needed for further elongation. This results in the 

termination of extension at the precise point of ddNTP incorporation (59). 

Four sets of reactions are used to complete one sequencing reaction. The four reactions differ 

only in the specific ddNTP that is added. The dNTP:ddNTP ratio is specifically selected so 

that the resulting labelled strands from a nested set of molecules up to several thousand bases 

long, each terminating at a specific base. These strands are separated according to size by 

high-resolution denaturing gel electrophoresis. This provides a ladder of bands from which 

the DNA sequence can be read. An important limitation of the standard chain termination 

method is that only a single labelled DNA molecule is produced from each primer template 

complex and this limits the sensitivity of the method. The sensitivity of the method is limited 

by the molar quantity of DNA template that can be used in the reaction. This becomes a 

serious problem when sequencing large DNA templates and purified peR product. This 

limitation can be overcome by repeating the reactions in a number of cycles. The described 

steps can be repeated through thermal cycling, these cycles of optimal denaturation, primer 

binding and elongation temperatures allows linear amplification of the amount of labelled 

material present in the reaction. Thus Jess DNA template is required. In combination with 

fluorescent label and semi-automated sequencers, this is the method used to generate most 

new sequencing information, for example genome sequencing projects (60). 

Some studies prefer to use sequencing methods to screen all their patients in the group 

studied (17). This approach is definitely more accurate but also more expensive and time 

consuming. In diagnostic molecular pathology, sequencing is usually used as an initial step to 

identify the site of a genetic mutation or polymorphism and to verify the sequence. The 

sequence of about 10.0-300 bp around the region is used to develop primers for a peR method 

that will allow the rapid screening of individuals for a mutation (52). When using a peR 

method to screen patients for a mutation (or polymorphism), it is necessary to include two 

controls, namely a negative and positive control. The negative control is an individual that 
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does not present with the polymorphism or mutation, while the positive control is 

homozygous for the polymorphism or mutation and both should be sequenced. 

1.9 Screening of a population for a specific mutation. 

Population screening involves the offer of genetic testing on an equitable basis to all 

individuals in a defined population. Its primary objective is to enhance autonomy by enabling 

individuals to be better informed about genetic risks and in some instances reproductive 

options. There are certain criteria for evaluating the validity of a screening programme; these 

can be subdivided into criteria for the disease, test and programme. Criteria for a specific 

disease are a high prevalence in a target population where the presence of a specific mutation 

has a serious effect on health. The disease should be a treatable or preventable disorder. 

Criteria for the test are that it should be non-invasive and easily carried out, accurate, reliable 

and inexpensive. The programme should be equitable, available, involve voluntary 

participation and be acceptable to the target population and full information and counselling 

should be provided (61). 

l.10 The Founder Effect and its impact on population screening in the South 

African population. 

The founder effect is a genetic phenomenon caused by populations starting at or proceeding 

through small numbers . This phenomenon is characterised by a relatively high incidence of 

alleles associated with a specific phenotype, found within a certain population. When a 

population is initiated by a small, and therefore genetically unrepresentative, sample of the 

parent population, the genetic drift observed in the sub-population is referred to as the 

founder effect (61). The founder effect can result in an increased prevalence of the mutations 

found in the parent population or an increased prevalence of mutations that are only found in 

this specific population. Examples of the latter are the 0206E, V408M and the 0154N 

familial hypercholesterolaemia mutations specific for the South African Caucasian 

population (62). An increased prevalence of the C282Y and the H630 mutation associated 

with hereditary heamochromatosis also found in other Caucasian populations is found in the 

South African population. The CYP2C9*2 and CYP2C9*3 polymorph isms have been found 

in numerous other Caucasian populations and are therefore not unique to South Africa . 
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However, it is necessary to determine whether the prevalence of these polymorph isms is 

greater or less than that described for other populations. 

Several factors should be taken into account when screening a population for a mutation or 

polymorphism. These factors include the origin of the population group as this may lead to 

discrepancies as seen in the studies of Taube et at (6) and Aithal et al (4) for the CYP2C9*2 

and *3 polymorphisms. Furthermore the size of the population could greatly influence the 

results obtained specially if the incidence of the mutation and the polymorphism is low as has 

been shown for the CYP2C9*3 polymorphism. The equilibrium of the alleles tested in the 

population is also important and is analysed using the Hardy-Weinberg principle. The Hardy­

Weinberg (63) principle states that expected genotypic proportions for an autosomal, diploid 

locus can be calculated in terms of allelic frequencies by a binomial or multinomial function 

(63); 

Where there is a gene locus with two alleles A and a, which have frequencies of p and q 

respectively and where these are the only alleles found at this locus so that p+q = 100% or 1 

(54). From this data the gene and allele frequencies for a specific mutation or polymorphism 

can be calculated for a specific population . The Hardy-Weinberg model was formulated for 

autosomal loci in sexually reproducing diploid species. The system makes the following 

assumptions: that mating is random among phenotypes, generations do not overlap, there is a 

large population size, there is no variation from random drift, no migration, no mutation or 

natural selection favouring some genotypes and that the allele frequencies are the same in 

both sexes (61). If these assumptions hold, Hardy-Weinberg proportions are reached in a 

single generation. The population will remain indefinitely in these proportions until some 

event, such as random genetic drift or natural selection changes allelic frequencies. Hardy 

Weinberg model can be used to determine the frequencies of one or two poJymorphisms (63). 

This is important when two different polymorphisms or mutations contribute to the 

development of the same disorder such as seen in Herediatry Haemochromatosis where 

compound heterozygosity is associated with disease. Likewise it has been shown that 

individuals that are homozygous for the CYP2C9*2 and *3 alleles require a lower warfarin 

maintenance dose. 

, 1f3&)..4-U.o 
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1.11 The aims of this study. 

• 	 To develop screening methods for the detection of the CYP2C9*2 and *3 

polymorph isms. 

To achieve these aims the optimal concentrations of MgCb, DNA and primers were 

determined . The effect of adjuvants such as glycerol, BSA and DMSO was also investigated. 

The sequences of the CYP2C9*2 and *3 PCR products was determined to verify that the 

correct region was amplified and to verify the presence of the site of restriction enzyme 

digestion. 

• 	 To determine the prevalence of these polymorphisms in the South African 

Caucasian population. 

Following this, a random Control population and Anticoagulation clinic population were 

screened. The data obtained was statistically analysed and the gene and allele frequencies of 

the CYP2C9*2 and *3 polymorph isms in the South African population calculated. The 

possibility of a founder effect in the South African Caucasian population is discussed in 

Chapter 4. 

• 	 To illustrate the association between the polymorph isms and decreased daily 

warfarin maintenance dose and to discuss recommendations regarding the 

implimentation of screening methodologies for patients initiating warfarin 

therapy. 

The presence of an allele associated with altered warfarin metabolism was correlated with 

warfarin maintenance dosage as part of a collaboration study with the Department of 

Haematology ant the University of Pretoria. Information obtained will be used to develop a 

screening strategy for patients of the South African Caucasian population commencing 

warfarin therapy. 
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Chapter 2: 


Materials and Methods. 


2.1 Materials. 

All primers used in this study were purchased from Whitehead Scientific, Cape Town, 

South Africa, synthesized by Integrated DNA Technologies, Coralville, USA. All other 

PCR reagents and restriction enzymes used were from Promega Corporation, Madison, 

USA and supplied by Whitehead Scientific, Cape Town, South Africa. All PCR reactions 

were carried out using a Thermal Cycling System from Hybaid Limited, Teddington, 

Middlesex, UK, supplied by Scientific Group, Cape Town, South Africa. PCR tubes and 

tips were manufactured in the USA by Quality Scientific Plastics and supplied by Sterilab 

Services, Johannesburg, South Africa. The QIAmp DNA Blood Mini Kit used was 

manufactured by Qiagen and supplied by Southern Cross Biotechnology, Cape Town, 

South Africa. 

Water was double distilled and deionized with a Continental Water System and sterilized 

by filtration through a Millex O.22!J.m filter. Glassware and PCR tubes were sterilized at 

140·C for 20 minutes in a Speedy Autoclave HL-341. 

2.2 Subjects. 

DNA previously isolated from 200 white male medical students attending the University 

of Pretoria was used as the Control population and represented a normal healthy South 

African Caucasian population. A single tube of citrate blood was collected from 144 

patients attending a Anticoagulation Clinic and this represented the Anticoagulation 

Clinic population. Informed consent was obtained from each of these individuals. The 

blood samples were stored at -20·C. 
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2.3 Isolation of DNA from frozen whole blood samples. 

The DNA was isolated from the Control and the Thrombosis Clinic population using the 

QIAamp DNA Blood Mini Kit (50). The isolation procedure was a modification of that 

recommended by the manufacturers . 

The frozen blood samples were removed from the freezer and placed on the bench top to 

thaw. The procedure was as follows: a 20111 volume of the QIAGEN Protease solution 

was pipetted into the bottom of 1.5ml micro-centrifuge tube. A 200111 volume of the 

thawed blood sample was added followed by 200111 Buffer AL (the composition of the 

buffers and solutions was not provided by the manufacturers). The sample was mixed by 

pulse-vortexing for 15 seconds. The sample was incubated at 56°C for 10 minutes in a 

water-bath. Following incubation the sample was centrifuged at 6 000 x g (8 OOOrpm) for 

30 seconds in a Hereus Biofuge 15 Centrifuge to remove droplets from the inside of the 

lid. The tube was opened and 200111 ethanol was added to the sample, the sample was 

mixed again by pulse-vortexing for 15 seconds and the centrifugation step was repeated. 

The lysed blood sample was carefully applied with a pipette to the QIAamp spin column 

ensuring that the rim remained dry . The cap was closed, and the tube with the spin 

column was centrifuge at 6 000 x g for 1 minute. The spin column was placed into a 

clean 2 ml collection tube and the tube containing the filtrate was discarded. The 

QIAamp spin columns were opened carefully and 500111 of Buffer A WI were added 

without wetting the rim. The cap was closed and the sample was centrifuged at 6000 x g 

(8 000 rpm) for 1 minute. The spin column was removed, placed into a clean 2ml 

collection tube, and the collection tube containing the filtrate was discarded. The spin 

column was carefully opened and 500111 Buffer A W2 was added without wetting the rim. 

The cap was closed and the sample was centrifuged at full speed (20 000 x g; 14 OOOrpm) 

for 3 minutes. The spin column was removed from the collection tube, dried with a paper 

towel to reduce possible buffer carryover. The collection tube was replaced with a new 

tube and centrifuged at 8000 x g for 1 minute. 
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The spin column was placed in a clean 1.5ml micro-centrifuge tube and the collection 

tube containing the filtrate was discarded. The column was carefully opened and 200i-.tl 

AE Buffer was added. The spin column was incubated at room temperature for 1 minute, 

then centrifuged at 6000 x g for 1 minute to extract the DNA. The tube containing the 

DNA sample was closed, labeled and stored at 4°C. 

2.3.1 Determination of DNA concentration and quality. 

The DNA quality was determined by electrophoretic analysis (Section 2.3.1.1) and DNA 

purity and concentration was determined by spectrometric analysis (Section 2.3.1.2). 

2.3.1.1 Electrophoretic analysis of isolated DNA. 

A 1 % agarose gel was prepared in 1 x TBE buffer (0.089 M Tris, 0.079M Boric acid, 

0.002M EDTA at pH 8.3) containing 0.01 % ethidium bromide (EtBr). Electrophoresis 

was carried out using a Hoefer Submarine Gel Electrophoresis System coupled to a 

Pharmacia PS 3000 DC power supply at 140 V. The gel was then visualized by 

ultraviolet radiation and photographed using UVldoc Gel Documentation System 

manufactured by UVltec Limited, St John's Innovation Centre, Cambridge, UK and 

supplied by Whitehead Scientific, Cape Town South Africa. The DNA samples (either 

stored Control or freshly prepared Anticoagulation Clinic DNA) were diluted 1: 1 with 

loading buffer (60% sucrose in Ix TBE buffer containing 0.001% bromophenol blue 

(BPB) and loaded onto the gel. 

2.3.1.2 Spectrometric analysis of isolated DNA. 

A 20i--tl aliquot of the isolated DNA was diluted 1: 100 with Ix TBE buffer and measured 

against I x TBE buffer. The absorbency at 260 and 280 nm was measured using a 

UVNIS Lambda 2 Spectrophotometer (supplied by Perkin Elmer, Johannesburg, South 

Africa) . The concentration of the sample was determined from the 260 nm absorbance 

reading and the purity from the 260/280 nm ratios. A DNA stock solution of 100 ng/ml 
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Calf Thymus DNA from Boehringer Mannheim and supplied by Roche, Johannesburg, 

South Africa was prepared. A concentration series of 0-6 nglml was used to prepare a 

standard curve for the determination of DNA concentration. 

2.4 PCR strategy for the detection of the CYP2C9*2 polymorphism. 

The CYP2C9*2 polymorphism is a C416T transition in exon 3 results in an arginine (R) 

to cysteine (C) substitution at position 144 of the amino acid sequence of CYP2C9. This 

results in the loss of an Ava II restriction digestion site (1) due to the presence of the 

single nucleotide substitution, C to T at nucleotide 416. peR amplification of this region 

with the primers (sequences in Table 2.1) produces a 190 bp fragment (51) containing the 

CYP2C9*2 polymorphism. Ava II restriction enzyme digestion and subsequent gel 

electrophoresis of the amplified fragment allows the identification of the different 

CYP2C9*2 genotypes. The banding patterns that can be identified following gel 

electrophoresis represents the genotypes, CYP2C9*2 homozygous normal (-1-), 

CYP2C9*2 heterozygous (+1-) and CYP2C9*2 homozygous polymorphic (+I+)(Figure 
2.1). 

CYP2C9*2 (-1-) (+1-) (+1+) 

190 bp ~ 

118 bp ~ 

72 bp ~ 

Figure 2.1: The predicted banding patterns of the digested PCR products for detection of 

individuals that are (i) Homozygous, normal (CYP2C9*2, -/-) (ii) Heterozygous (CYP2C9*2, +/-); 

and (iii) Homozygous (CYP2C9*2 +/+) for the CYP2C9*2 polymorphism. 
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The presence of the CYP2C9*2 polymorphism is identified by an undigested band at 

190bp. If a single nucleotide substitution has not occurred the 190 bp DNA fragment is 

digested and two bands of 118 and 72 bp are observed following gel electrophoresis 

(51). Heterozygotes have a banding pattern that is a combination of both patterns. 

2.4.1 Optimization of the PCR methodology for the detection of the 

CYF2C9*2 polymorphism. 

To be able to identify the CYP2C9*2 polymorphism it was necessary to optimize the 

PCR methodology of Stubbins et al (51) . Four parameters namely the MgCl2 

concentration, primer concentration, template concentration and the effect of adjuvents 

such as DMSO, glycerol and BSA were optimized. The presence of a single band of the 

COHect size of 190 bp with no secondary product formation, were considered as criteria 

for successful PCR amplification. Besides the compound being tested the concentration 

of all other components were the same as presented in Section 2.4.2. Cycling conditions 

were also kept as described in Section 2.4.2. 

2.4.1.1 Optimization of MgCh concentration. 

Different concentrations of MgCb prepared from a 25 mM MgCb stock solution were 

evaluated. Volumes of 1 to 3)..d representing a concentration ratio of 1-3 mM, were 

evaluated in a final reaction volume of25 I.d (or 0.04-0.12 mmollf ..d). 

2.4.1.2 Optimization of DNA concentration. 

The optimal DNA concentration was determined using different volumes of 1- 5 I..d DNA 

that represents a DNA concentration range of39-195 ng in a reaction volume of25 )ll (or 

1.56/7.8 ng/)ll). 
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2.4.1.3 Optimization of primer concentration. 

A stock peR primer solution of 1 00 pmoll~1 was prepared by adding sterile double 

distilled water to the purchased freeze-dried primers. Volumes of 10)11 were aliquoted 

into micro-centrifuge tubes and stored at -20°C. Working primer solution of 10 pmoll)1l 

were prepared by making a further 10 times dilution of the primer stock solution. A 

primer concentration range of 10-50 pmol in a reaction volume of 25)11 was evaluated (or 

0.4-2 pmoll/-ll). 

2.4.1.4 The effect ofBSA, DMSO and glycerol on PCR amplification. 

The effect of different adjuvants such as DMSO, BSA and glycerol in a reaction volume 

of 25 )11 was also evaluated. A BSA concentration range of 0.2-1 )1g/)11 prepared from a 

BSA stock solution of 10mg/ml was evaluated. For DMSO and glycerol a concentration 

range of2-1 0% and 1-5%, respectively, was evaluated. 

2.4.2 Amplification of the 190bp regIon containing the CYP2C9*2 

polymorphism. 

peR amplification was carried out in total volume of 25)11 consisting of a 2.5)11 volume 

of genomic DNA and 22.5)11 peR reaction mix. The primer sequences obtained from 

Stubbins et al (51) and are shown in Table 2.l. 

Table 2.1: Primer sequences for the detection of the CYP2C9*2 polymorphism 

(51 ). 

Primer Sequence 

CYP2C9*2 forward primer 5'-aeg tga att ett eet gtt agg aat tgt t-3' 

CYP2C9*2 reverse primer 5'-tea ggg ate egg tea eee ace ett ggt t-3' 
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The dNTP working solution of 10 mM of each primer was prepared from a dA TP , dTTP, 

dCTP and dGTP stock solutions of 100 mM. The working dNTP solution was prepared 

by mixing together 10111 of each of the 100 mM dGTP, dCTP, dATP and dTTP and 60111 

H20. Aliquots of 10111 were prepared and stored at -20°C. All other reagents were also 

stored at -20°C and thawed to room temperature. 

For CYP2C9*2 PCR amplification of 10 tubes the following mixture of all PCR reagents 

was prepared and reagents were added in the following order into a 1.5 ml centrifuge 

tube: 173111 water, 25111 of lOx PCR buffer, 15111 of 25 mM MgCh, 5111 of 10 mM dNTP, 

3111 of the two 10pmollill primers and 1111 of 5U/I1l Taq DNA polymerase. A volume of 

22.5111 of the PCR mixture was transferred into each of the ten 600111 thin walled PCR 

tubes . A 2.5111 volume of genomic DNA, which had been mixed by gentle vortexing, was 

added to the tubes . The caps of the tubes were closed, the contents were mixed by vortex 

and the samples were centrifuged for 30 seconds at 8000rpm. 

The final PCR reaction consisted of200l1M each of the nucleotides dATP, dGTP, dCTP, 

and dTTP, 10mM Tris-HCl (pH 9.0 at 25°C), 50mM KCl and 0.1 % Triton X-I00, 1.5 

mM MgCh, 0.5U Taq polymerase and 30 pmol of each primer. 

A PCR tube containing all PCR components except DNA was included as a negative 

control. An additional two tubes, a positive (CYP2C9*2 (+1+)) and a negative control 

(CYP2C9*2 (-1-)) were also included. The controls were identified by restriction enzyme 

digestion and electrophoretic analysis. DNA sequencing further confirmed the presence 

or absence of the CYP2C9*2 polymorphisms (Section 2.7) . These controls were included 

in each batch of samples that were subjected to PCR amplification and restriction enzyme 

digestion. 

The samples were placed in a Hybaid Touchdown Thermocycler and SUbjected to the 

following cycling conditions. One cycle of denaturation (94°C for 5 minutes), 30 cycles 

of denaturation (94°C for 1 minute), annealing (60°C for 1 minute) and extension (72°C 
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for 1 minute). A final extension step was performed at noc for 5 minutes. No oil overlay 

was used during amplification. 

2.4.2.1 Ava II digestion of the CYP2C9*2, 190 bp product. 

The CYP2C9*2 PCR 190bp product was digested with 4 U Ava II. The CYP2C9*2 

restriction enzyme cocktail consisted of 0.4~1 restriction enzyme Ava II (1 OU/~I), 3~l of 

10 x Buffer C (100mM Tris/HCl (pH 7.9), 500mM NaCl , 100mM MgCI 2, and 10mM 

DTT at 37°C), 0.3~1 acetylated BSA (O.lmg/ml) and 1.3 ~l H20 to a final volume of 5 ~l. 

After adding the restriction enzyme cocktail (5~1) to the PCR product (25~1), the sample 

was mixed well centrifuged at 800 rpm for 10 seconds and incubated overnight at 37°C in 

a Merck D-64271 Incubator. 

2.4.2.2 Polyacrylamide Gel Electrophoresis (PAGE) of PCR amplification 

products and restriction enzyme digests. 

The 190bp CYP2C9*2 PCR product and PCR digests were analyzed by polyacrylamide 

gel electrophoresis (PAGE). A 5 ~l volume of loading buffer (70% sucrose containing 

0.01 % BPB) was added to each sample. Each were mixed, centrifuged and loaded onto a 

10% PAGE (lO% T, 2.9%C) gel and separated at room temperature on a Hoefer Mighty 

Small Electrophoresis System in 1 x TBE buffer at 140V for 1 hour. 

A 30% stock solution of acrylamide: methylene bisacrylamide (T=30%, C= 8.7%) was 

prepared. Ten percent PAGE gels were prepared by adding 3.3ml of 30% polyacrylamide 

and 1 ml 10 x TBE buffer, to 5.6ml H20 in a small beaker. A 40~1 aliquot of a 20% 

ammonium persulphate solution and 40~1 TEMED was added, and the solution was 

mixed well. Gels with well size of 64 mm3 were prepared using the Hoeffer Mighty 

Small SE 245 dual gel caster. The gels were allowed to polymerize for 10 minutes at 

room temperature. The combs were removed and the wells rinsed with lXTBE, the gels 

were removed from the casting apparatus and placed onto the Hoeffer Mighty Small 
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Electrophoresis Unit. The samples were loaded and the gels were run using a Pharmacia 

Biotech Power Pack set at 140V, 42mA and 6W. The gels were removed from between 

the glass plates placed in a 0.0001% EtBr staining solution prepared from a 10mgl EtBr 

stock solution for 4 minutes. The bands were visualized with ultra violet (UV) light and 

photographed with an UVldoc Gel Documentation System. 

A molecular weight size marker (phiX 174/Hinf 1) (726-24 bp) was included in each 

electrophoretic run. The DNA size marker was prepared by digesting 1 ~g 0X 174 with 

IOU Hinf I and 3 ~I 10x Buffer B [6mM Tris-HCI, 6mM MgCh, 50mM NaCI, 1 mM 

dithiothreitol (DTT), (pH 7.5 at 37°C)] in 25 ~l ddH20 at 37°C overnight. 

2.5 PCR strategy for the detection of the CYP2C9*3 polymorphism. 

The CYP2C9*3 nucleotide substitution does not naturally create or destroy a restriction 

site. A restriction site was forced into the forward primer'5- aat aat aat atg cac gag gtc 

cag aga tgc-3'(where g is the site of the forced mismatch), such that AI061 in 

combination with the mismatch creates a restriction site (a tgc at)(a = AI061) for the Nsi 

I restriction enzyme (41) . The CYP2C9*3 AI061C substitution removes this restriction 

site and the 165 bp PCR amplification product is undigested. Restriction enzyme 

digestion of the normal allele at the site of the forced mismatch results in two fragments 

of 135 and 30 bp. From the banding patterns three different genotypes could be 

identified, CYP2C9*3 , homozygous normal (-1-) , heterozygous (+1-) and homozygous 

(+1+) for this polymorphism (Figure 2.2). 
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CYP2C9*3 (-1-) (+1-) (+1+) 


165bp 

135bp 
~ 
~ - -- -

30bp ~ - -

Figure 2.2: The predicted banding patterns of the digested CYP2C9*3 PCR product (165bp) for 

detection of individuals that are (i) Homozygous, normal (-1-) (ii) Heterozygous (+/-); and (iii) 

Homozygous (+/+) for the CYP2C9*3 polymorphism. 

2.5.1 Optimization ofPCR methodology for the detection of the CYP2C9*3 

polymorphism. 

To be able to identify the CYP2C9*3 polymorphism it was necessary to optimize the 

PCR methodology of Sullivan-Klose et al (41). Four parameters namely MgCh 

concentration, primer concentration, DNA concentration and the effect of adjuvants such 

as DMSO, glycerol and BSA were optimized. Following gel electrophoresis (Section 

2.4.2.2) the presence of a single band of the correct molecular mass of 165 bp and no 

secondary product formation, were considered as criteria for successful peR 

amplification. Besides the component being optimized the concentration of all other 

components were the same as in Section 2.5.2. Cycling conditions were also the same as 

described in Section 2.5.2. 

2.5.1.1 Optimization of MgCh concentration. 

The effect of MgCh on the formation of a CYP2C*3 amplification was evaluated as 

described in Section 2.4.1.1. 
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2.5.1.2 Optimization of DNA concentration. 

The optimal DNA concentration for successful amplification of the 165 bp CYP2C9*3 

product was determined. In a final reaction volume of24)l1 a DNA concentration range of 

1.62-11.3 ng/ ).11 was evaluated. 

2.5.1.3 Optimization of primer concentration. 

A 10 pmoll).11 primer working solution was prepared as described in Section 2.4.1.3. A 

primer concentration range of 10-50 pmol or 0.42-2.1 pmoll).11 per 24).11 reaction volume 

was evaluated. 

2.5.1.4 The effect ofBSA, DMSO and glycerol on PCR amplification. 

The effect of different adjuvants on the amplification of the CYP2C9*3 PCR product was 

evaluated in a reaction volume of 24).1\. A BSA concentration range of 10 - 50).1g/).11, 

prepared as described in Section 2.4.1.4 was evaluated. Different concentrations of 

DMSO (2-10%), and glycerol (1-5%) were also evaluated. 

2.5.2 Amplification of the 165 bp fragment containing the CYP2C9*3 

polymorphism. 

The PCR amplification was carried out in a total volume of 24).11 consisting of 4).11 

genomic DNA and 20).11 PCR reaction mix using the primer sequences of Sullivan-Klose 

et al (41) (Table 2.2). 

All controls; PCR components except DNA, PCR components and DNA either from an 

individual that had previously tested homozygous polymorphic (+1+) or homozygous, 

normal (-/ -) for the CYP2C9* 3 polymorphism were included in each batch of samples 

that were subjected to PCR amplification and restriction enzyme digestion. 
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Table 2.2: Primer sequences for the detection of the CYP2C9*3 polymorph isms 

(41 ). 

Primers Sequence 

CYP2C9*3 forward primer 5' -aat aat aat atg cac gag gtc cag aga tgc-3' 

CYP2C9*3 reverse primer 5'-gat act atg aat ttg gga ctt c-3' 

F or a PCR amplification of 10 tubes the following mixture of all PCR reagents was 

prepared and reagents were added in the following order into a 1.5 ml micro centrifuge 

tube: 140 ~I H20, 25~1 of 10 x PCR buffer, 20).11 of25 mM MgCh, 5).11 of ImM dNTP, 

2).11 each of 10 pmol forward and reverse primers, 1).11 of 5U/).11 Tag DNA polymerase, 

and 5).11 BSA. A volume of 20).11 of the PCR mixture was aliguoted into ten 600).11 PCR 

micro-centrifuge tubes. A 4).11 volume of genomic DNA, which had been mixed by gentle 

vortexing, was added to the tubes. The caps of the tubes were closed, the contents were 

mixed and the samples were centrifuged for 30 seconds at 8000rpm. 

The final PCR reaction in a volume of 25 ).11 consisted of 200).1M each of dATP, dGTP, 

dCTP, and dTTP, 10mM Tris-HCl (pH 9.0 at 25°C), 50mM KC1, 0.1% Triton X-lOO, 2 

mM MgCh, 0.5U Tag polymerase, and 2 pmoll).11 of each primer. 

The samples were placed in a Hybaid Touchdown Thermocycler and subjected to the 

following cycling conditions. One cycle of denaturation (94°C for 5 minutes), 35 cycles 

of denaturation at 94°C for 40 seconds, annealing at 50°C for 20 seconds and extension at 

72°C for 20 seconds. A final extension step was performed at noc for 5 minutes. 

2.5.2.1 Nsi I, restriction enzyme digestion and PAGE of the CYP2C9*3 

digests. 

The 24 ).11 CYP2C9*3 PCR product was digested with 2.5 U/IlI Nsi I. The restriction 

enzyme cocktail consisted of 0.4).11 restriction enzyme NsiI (lOU/).11), 3.0).11 of the lOx 
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Buffer D (60mM Tris-HCI (pH 7.9), 1.5M NaCI, 60mM MgCh and 10mM DTT at 

3TC), 0.3~1 BSA (O.lmg/ml) and 1.3~1 H20. A total volume of 5f..l1 restriction enzyme 

cocktail was added to the PCR product and then incubated overnight at 37°C in a Merck 

D-6427l Incubator. The digested products and size marker (0X174 DNA/Hinf 1) were 

separated by electrophoresis at 140V for 60 minutes on a polyacrylamide (lO%T, 2.9%C) 

gel and visualized as described in Section 2.4.2.2. The smaller fragment of 30 bp is eluted 

from the gel and individuals that are CYP2C9*3 homozygous, normal (-/-) are identified 

by the presence of a 135 bp band. The 165bp product is undigested in individuals 

homozygous for the CYP2C9* 3 polymorphism. In heterozygouss, where only one allele 

is polymorphic, two bands of 165 and 135 bp are present. 

2.6 The stability of a CYP2C9*2 and *3 PCR master mix after storage at 

-70°C. 

Twenty-two comma five micro-liter aliquots of the PCR reaction mix for the CYP2C9*2 

and 20~1 aliquots for the CYP2C9*3 polymorphism were prepared as described in 

Section 2.4.2 and 2.5.2 . and stored at -70°C. The stability of the PCR reaction mixes 

were evaluated by visualizing the PCR product formed, (190bp and l65bp for the 

CYP2C9*2 and CYP2C9*3 polymorphisms respectively) following polyacrylamide gel 

electrophoresis (Section 2.4.2.2) and EtBr staining. Specific attention was given to 

factors such as band intensity, the presence of smears and primer dimers. This evaluation 

was conducted 6 and 11 days after storage of the prepared PCR mix at -70°C. 

2.7 Sequencing of CYP2C9*2 and CYP2C9*3 positive and negative 

controls. 

The PCR product from an individual that tested homozygous positive (+/+) and another 

that tested homozygous negative (-/-) for the CYP2C9*2 and CYP2C9*3 polymorphisms 

was sequenced at the DNA Sequencing Unit at the University of Stellenbosch. DNA was 

amplified as described in Section 2.4.2 and 2.5.2 for the CYP2C9*2 and CYP2C9*3 

polymorphisms respectively. The product of PCR amplification was loaded on a 1 % 
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agarose gel with 1 x Tris/ Acetate/EDT A (T AE) as running buffer. Ten times TAE buffer 

consisting of O.4M Tris, 0.02M EDTA and 20% glacial acetic acid was prepared. The 

PCR product was subjected to electrophoresis until the band (190 and 16Sbp 

respectively) was separated from other components. The bands containing the PCR 

product were dissected from the gel using a sterile scalpel. The DNA fragments were 

isolated using a Roche High Pure PCR Product Purification kit (64). The weight of the 

excised agarose slice was determined by weighing the slice in a pre-weighed tube . A 

volume of 300~.d of Binding Buffer was added to the tube for every 100mg of agarose. 

The agarose gel slice was dissolved by vortexing the tube containing the agarose gel with 

Binding Buffer for 30 seconds. The suspension was incubated for 10 minutes at 56°C. 

Once the gel slice was completely dissolved, IS0~1 of isopropanol was added for every 

100mg agarose and the contents of the tube was again vortexed thoroughly. A High Pure 

filter tube was inserted into a collection tube and the content of the micro-centrifuge tube 

was added to the upper reservoir of the filter tube. Care must be taken not to exceed the 

specified volume of 700~1 per filter tube. The filter tube was then centrifuged for 20 

seconds at 8000 rpm in a Hereus Biofuge IS Centrifuge. The flow through was discarded 

and the filter tube re-connected to the same collection tube. As part of the first washing 

step SOO~1 of Washing Buffer 1 was pippeted into the upper reservoir of the filter tube 

and centrifuged for one minute at 6000 x g (8000 rpm). The flow through was again 

discarded and the filter tube re-connected to the same collection tube. As part of the 

second washing step 200~1 of Washing Buffer 2 was pippeted into the upper reservoir of 

the filter tube and centrifuged for one minute at 6000 x g. After discarding the flow 

through and collection tube, the filter tube was inserted into a clean 1.S ml micro­

centrifuge tube. The purified fragments were eluted by adding 80~1 elution buffer to the 

upper reservoir of the filter tube followed by centrifugation at 6000 x g for one minute. 

The micro-centrifuge tube now contained the purified DNA fragments, which were stored 

at 4°C. 
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2.7.1 Stability of the primers and DNA fragments used for sequencing. 

For sequencing of the isolated PCR fragments the samples and primers were usually 

packed into a cool box together with an ice brick. The samples were then sent by an 

overnight courier service to the DNA Sequencing Unit at the University of Stellenbosch. 

In an effort to reduce the cost of transport, the possibility of sending the fragments and 

primers ordinary registered mail was considered. The stability of the DNA and primers 

had to first be determined. The isolated PCR product and primers were left on the 

laboratory bench for a period of 5 days at room temperature. After this period the primers 

and fragments were used together in a nested PCR reaction. The same primers and an 

aliquot of the PCR product stored at 4°C served as a control for the nested PCR. All 

conditions for amplification were the same as described in Section 2.4.2 and 2.5.2. 

2.7.2 The sequences of the 190 and the 165 bp fragments containing the 

CYP2C9*2 and *3 polymorphisms. 

The sequence for the regions containing the CYP2C9*2 and CYP2C9*3 polymorphisms 

were obtained from Blast (65) placed by Romkes (23) and de Morais et al (66) for each 

polymorphism respectively. The data obtained from sequencing was compared to these 

DNA regions. 

2.8 Population screenmg for the CYP2C9*2 and 3 polymorph isms m the 

Control and the Thrombosis Clinic population group. 

The number of individuals that were homozygous normal (-1-) , heterozygous, (+1-) 

homozygous polymorphic (+1+) was determined for the CYP2C9*2 and *3 

polymorph isms respectively. Both the Control and the Thrombosis Clinic population 

were screened. If no clear result were obtained for an individual, the test was repeated. If 

the result was still unclear the original blood sample was thawed and a new sample of 

genomic DNA prepared and the entire procedure repeated. The carrier frequency was 
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determined for each genotype on the basis of the observed genotype distribution that was 

calculated. The expected occurrence rates of the different genotypes within each group 

was calculated according to the Hardy-Weinberg principle and compared with the 

observed occurrence rates by the Chi-square test. 

As compound heterozygosity may occur the frequency of compound heterozygouss 

CYP2C9*2/CYP2C9*3 was determined, tabulated and the observed genotype 

distribution was calculated and compared to the observed frequency by the Chi-square 

test. The prevalence of the polymorphisms in the Control and the Thrombosis Clinic 

population was also compared. Differences between the populations were determined 

using the Chi Square test. 

2.9 Correlation between CYP2C9*2 and *3 genotypes and warfarin 

maintenance dosages. 

The Anticoagulation Clinic group was divided into two groups patients (i) homogenous 

normal and (ii) those with one or two copies of either the CYP2C9*2 and *3 

polymorphism. Dr. de Wet (67) from the Department of Haematology determined the 

mean maintenance dosage for each group as part of a collaboration study with the 

Department of Chemical Pathology. 

 
 
 



39 

Chapter 3: 

Results. 

The prevalence of the CYP2C9*2 and CYP2C9*3 polymorphisms in the Control and the 

Anticoagulation clinic population was determined. To enable population screening each 

of the screening methodologies needed to be optimized. The nucleotide sequence of the 

DNA PCR amplification products of the positive and negative controls, for the 

CYP2C9* 2 and CYP2C9*3 polymorphisms was determined. 

3.1 Subjects. 

DNA from 200 white male medical students served as the Control population that 

represents the normal healthy South African Caucasian popUlation. The DNA from this 

population group had been isolated 18 months previously and had been stored at 4°C. A 

single tube of citrate blood was collected from 144 patients attending an Anticoagulation 

Clinic. Informed consent was obtained from each of these individuals. DNA was isolated 

from each blood sample and was stored at 4 0C. 

3.2 Determination of DNA concentration and quality. 

3.2.1 Electrophoretic analysis of isolated DNA. 

The DNA used to determine the frequency of the CYP2C9*2 and *3 polymorphisms in 

the Control population had been isolated 18 months previously. It was necessary to 

determine whether this DNA was still of sufficient quality for successful PCR 

amplification. Recently isolated DNA from the Anticoagulation clinic population served 

as the control. The integrity of five DNA samples of the Control population group and 

three DNA samples from the Anticoagulation clinic population were compared . The 

samples were loaded onto a 1% agarose gel containing EtBr (Figure 3.1), following 
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Figure 3.2: DNA standard curve used to determine the concentration of the isolated DNA 

samples. 

3.3 Optimization of the PCR n1ethodology for the detection of the 

CYP2C9*2 polymorphism. 

The CYP2C9*2 polymorphism was determined following the amplification of the 

cytochrome P450 region of exon 3. Before the frequency of the CYP2C9*2 could be 

determined, it was necessary to optimize various parameters such as MgCh, primer and 

DNA concentration. The effect of adjuvants such as BSA, DMSO and glycerol was also 

determined. A single band of 190 bp without secondary product formation or streaking 

was considered as criteria for successful PCR amplification. To enable the rapid 

screening of large populations the possible storage of the prepared mix of all reagents at 

-70°C was evaluated. 

3.3.1 Optimization of MgCh concentration. 

The effect of different MgCh concentrations on the amplification of the 190 bp fragment 

containing the CYP2C9*2 polymorphism was determined. The final PCR reaction in a 

volume of 25 j.LI consisted of 200j.LM each of dATP, dGTP, dCTP, and dTTP, 10mM 
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3.4.1 Restriction Enzyme Digestion, Polyacrylamide Gel Electrophoresis 

and Genotype Analysis for the CYP2C9*2 polymorphism. 

The CYP2C9*2 190 bp PCR product was digested with different concentrations (3U, 4U 

and 5U per reaction volume) of A vall. The restriction enzyme digests were separated on 

a 10% polyacrylamide gel, stained with EtBr so that the different banding patterns could 

be evaluated. At the lower AvaIl concentration of 3U in an individual where the 

CYP2C9*2 polymorphism is absent on both alleles, digestion of the 190 bp fragment was 

incomplete (Figure 3.6, Lane 5). At a higher Ava II concentration (4U) digestion was 

complete without any detectable undigested product at 190bp. 

The presence of the CYP2C9*2 polymorphism in an allele, results in the loss of a 

restriction site for Ava II. In an individual homozygous for this polymorphism a single 

band at 190bp is observed (Figure 3.6, Lane 4). If the CYP2C9*2 polymorphism is 

absent, there will be a restriction site for Ava II, and the 190bp fragment will be digested, 

forming two bands of 118bp and another band at 72bp.Therefore in an individual where 

the polymorphism is absent from both alleles two bands of 118 and 72bp are observed 

following gel electrophoresis (Figure 3.6, Lane 5). In an individual with the 

polymorphism on one of the two alleles (Heterozygous, Figure 3.6, Lane 2 and 3), half of 

the PCR product (normal allele) will be digested and be visualized as bands at 118bp and 

72bp. The remaining PCR product will not be digested and a band at 190bp will be 

observed. 

A DNA size marker (0X174/Hinf 1) (726-24bp) was included in each electrophoretic run 

(Figure 3.6, Lane 1). The marker was digested by digesting 0X174 DNA with the 

restriction enzyme Hinfl. The DNA size marker produced following electrophoresis a 

marker ladder comparable with commercially available products such as, 0X174/Hinf 1 

dephosphorilated markers, produced by Promega and supplied by Whitehead Scientific. 

This reduced costs significantly. The inclusion of a negative control that contains all 

components of the PCR except genomic DNA was used to exclude the possibility of 

contamination of the cocktail with endogenous DNA. 
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3.7 Method development for screenIng for CYP2C9*3 

polymorphisms. 

3.7.1 Optimization of PCR methodology for the detection of the CYP2C9*3 

polymorphism. 

The CYP2C9*3 polymorphism was determined following the amplification of the 

cytochrome P450 region of exon 7. Before the frequency of the CYP2C9*3 

polymorphism could be determined In the Control and the Anticoagulation clinic 

population, it was necessary to optimize the concentration of various constituents of the 

CYP2C9*3 PCR reaction such as MgCb, primer and DNA concentration. Furthermore 

the effect of adjuvants such as BSA, DMSO and glycerol was also determined. As in 

Section 3.3 for the CYP2C9*2 polymorphism a single band without secondary product 

formation or streaking will be considered as criteria for successful PCR amplification. 

To enable the rapid screening of large population groups the storage conditions for 

aliquots of prepared PCR mix was determined. 

3.7.1.1 Optimization of MgCh concentration. 

The effect of different MgCb concentrations on the amplification of the 165 bp fragment 

containing the CYP2C9*3 polymorphism was determined. In a PCR reaction mix of 24 

/-ll containing 2.5 /-ll PCR buffer, 200/-lM dNTP ' s, 2 pmol (1.2 pmoll/-ll) of each primer 

and 0.5 U Taq DNA polymerase different concentrations of MgCb was added 

representing a concentration range of 1.0-3.0 mM MgCb (Figure 3.9). 

At all concentrations of MgCb evaluated a single band of 165bp was observed. A final 

MgCb concentration of 2 mM was chosen for all subsequent amplification reactions. 
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3.11 Reduction of PCR reaction volume for the detection of the 

CYP2C9*3 polymorphism. 

To allow the more cost effective screening of a large population for the CYP2C9*3 

polymorphism the PCR reaction volume was reduced from 24 fll to 15 fll including 2.4fll 

DNA as substrate. Sufficient PCR product formed for successful amplification and 

identification of the different genotypes similar to that shown in Figure 3.13. 

3.12 Sequencing of CYP2C9*2 and CYP2C9*3 negative controls. 

The 190 and 165 bp PCR fragment containing the CYP2C9*2 and CYP2C9*3 

polymorphisms was sequenced to determine the exact nucleotide sequence and to verify 

the position of each nucleotide substitution. 

3.12.1 Preparation of samples for sequencing. 

The samples were sent to the DNA Sequencing Unit at the University of Stellenbosch 

where the samples were sequenced using an ABI Prism Model 3100 version 3.7, DNA 

sequencer. DNA was amplified as described in Section 2.4.2 and 2.5 .2 for the CYP2C9*2 

and CYP2C9*3 polymorphisms respectively. The PCR amplification products were 

loaded on a 1 % agarose gel (Section 2.3.1.1) in TBE buffer. The samples were subject to 

gel electrophoresis and the bands containing either the CYP2C9*2 or *3 PCR products 

(Figure 3.15) were cut from the gel. 
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Table 3.1: Nucleotide sequence for the 190bp DNA fragment containing the 
CYP2C9*2 polymorphism. 

CYP2C9*2 Nucleotide Sequence 
Homozygousl -/­

Forward ttn ene act eet eee aag gea geg ege tte etc ttg aae aeg gte etc aat 
get eet ett eee cat eee aaa att eeg eag egt cat gag gga gaa aeg eeg 
gat etc ett eea ttt ett tee att get gaa aac aat tcc faa cag gaa gaa 
ft c aeg t 

Reverse etn eag eaa tgg aaa aga aat gga agg eee ate egg ega ttt etc eet cat 

gae get geg gaa ttt tgg gat ggg gaa gag gag cat tga gga ecg tgt 
tea aga gga age eeg etg eet tgt gga gga gtt gag aaa aac caa ggg 
tgg gtg acc gga tcc ctg aan 

Bold red: Pnmer sequence 
Bold Italic blue: Site of polymorphism 

Table 3.2 Nucleotide sequences for the 165bp DNA fragment containing the 
CYP2C9*3 polymorphism. 

CYP2C9*3 
Homo~gousl -/­

Nucleotide SeJ)uence 

Forward tgg gaa tka kna wag ttt etg aat tta atg tea eag gte act gea tgg geg 

eag get ggt ggg gag aag gte atgc ate tct gga cet tcg tgc ata tta 
tta tt 

Reverse etg eee eag tga eet gtg aea tta aat tea gaa act ate tea tte eea agg 
taa gtt tgt tte tee tae tge aae tee atg ttt teg aag tcc caa att cat agt 
atc a 

Bold red: Primer sequence 
Bold Italic blue: Site of polymorphism 
Bold Italic green: Site offorced mismatch 

The site of the primers were identified and the sequences were compared to sequences 

obtained by the NCBI Annotation project (65) for the CYP2C9*2 gene in exon 3 and the 

CYP2C9*3 gene in exon 7. For the CYP2C9*3 PCR method a restriction site is created 
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with the insertion of a mismatch and therefore only the reverse sequence can be used to 

identify the site of the polymorphism. 

3.13 Genotype distribution, gene and allele frequencies of the 

CYP2C9* 2 and * 3 alleles in a Control population. 

3.13.1 Genotype distribution, gene and allele frequencies of the CYP2C9*2 

allele in the Control population. 

A population of 200 Caucasian students were screened for the CYP2C9*2 and the 

CYP2C9*3 polymorphism. The frequency of each polymorphism was tabulated and 

statically evaluated . The frequency of compound heterozygosity, the presence of both 

alleles within a single individual was also determined. 

In this population group (Table 3.3a) 150 were homozygous normal, 40 were 

heterozygous and 10 homozygous for the CYP2C9*2 polymorphism. The CYP2C9*2 

polymorphism in this population was found to be in Hardy-Weinberg equilibrium. The 

data was evaluated using the Chi-square goodness of fit and an X2 of 9.3 (Table 3.3b) 

was obtained. A carrier and a gene of 0.255 and 0.023 were obtained respectively. A gene 

frequency of 0.023 implies 2.3 % of the population screened is CYP2C9*2 homozygous. 

Table 3.3a Distribution of CYP2C9*2 in the Control population (n=200) . 

Genoty(!e Prevalence 

Observed Ex(!ected 

Homozygous CYP2C9*1/*1 (-/-) 150 144.5 

Heterozygous CYP2C9* 1/*2 (+/-) 40 51.0 

Homozygous CYP2C9*2/*2 (+/+) 10 4.5 

Carrier Frequency= 0.255, Gene Frequency= 0.023 
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Table 3.3b Chi-square for goodness of fit for the CYP2C9*2 in the Control 
population (n=200). 

(0_E)2 (0-E)2/E(O-E)EXQectedObservedGenot~(!e 

30.25 0.21150 144.5 5.5Homozygous CYP2C9*1/*1 (-/-) 

2.3751.0 11.0 121.0Heterozygous CYP2C9* 11*2 (+/-) 40 

4.5 5.5 30.25 6.72Homozygous CYP2C9*2/*2 (+/+) 10 
,2 2 -X 2d.F9.3, P( X 0.995)-10.60 (Difference not Significant) 

All differences were not significant at a X2 of 0.99, whereas the CYP2C9*2 

polymorphism with a chi-square of 9.3 was not significant at a X2 value of 0.995. 

3.13.2 Genotype distribution, gene and allele frequencies of the CYP2C9* 3 

allele in the Control population. 

The same population of 200 individuals were also screened for the CYP2C9*3 

polymorphism. In this population group (Table 3.4a) 161 were homozygous normal, 38 

were heterozygous and 1 was homozygous for the CYP2C9*3 polymorphism. This 

population for the CYP2C9*3 polymorphism is in Hardy Weinberg equilibrium. The data 

was evaluated using the Chi-square goodness of fit and a X2 of 0.616 (Table 3.4b) was 

obtained. A carrier frequency of 0.18 and a gene frequency of 0.01 were found in this 

Control population. Consequently 1 in 100 (l %) individuals in the popUlation screened 

are homozygous for the CYP2C9*3 polymorphism. 

Table 3.4a Distribution of the CYP2C9*3 polymorphism in the Control population 

(n=200). 

Genot~Qe Prevalence 

Observed EXQected 

Homozygous CYP2C9*1I*1 (-/-) 161 162.0 

Heterozygous CYP2C9* 11*3 (+/-) 38 36.0 

Homozygous CYP2C9*3/*3 (+/+) 1 2.0 

Carrier Frequency: 0.18, Gene Frequency: 0.01 
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Table 3.4b Chi-square for goodness of fit for the CYP2C9*3 polymorphism in the 
Control population (n=200). 

GenotYI~e Observed Ex~ected (O-E) (0_E)2 (0-E)2/E 

Homozygous CYP2C9*1/*1 (-/-) 161 162.0 1.0 1.0 0.006 

Heterozygous CYP2C9*1I*3 (+/-) 38 36.0 2.0 4.0 0.11 

Homozygous CYP2C9*3/*3 (+/+) 1 2.00 1.01 1.00 0.5 

r2 r2- -X u,O.616, P(X 0.99)- 9.21 (Difference not sIgnificant) 

3.13.3 Distribution of both CYP2C9*2 and *3 polymorphism in the Control 

population. 

The distribution of both the CYP2C9*2 and *3 alleles was determined within the same 

population control group. In this population group 10 individual were homozygote for the 

CYP2C9*2 and 1 individual for the CYP2C9*3 polymorphism (Table 3.5 a and b). Ten 

individuals were compound heterozygous with a copy of both the CYP2C9*2 and the 

CYP2C9*3 polymorphism. Two individuals were CYP2C9*2 homozygous and 

CYP2C9*3 heterozygous. 

Table 3.5a Distribution of both the CYP2C9*2 and CYP2C9*3 polymorph isms in 

the Control population (n=200). 

Genoty~e Prevalence 

CYP2C9*2 CYP2C9*3 Observed Ex~ected 

-/­ -/­ 124 116.9 

-/­ +/­ 25 25.99 

-/­ +/+ 1 1.44 

+/­ -/­ 29 41.31 

+/­ +/­ 11 9.18 

+/­ +/+ 0 0.51 

+/+ -/­ 8 3.64 

+/+ +/­ 2 0.81 

+/+ +/+ 0 0.045 
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Table 3.5b Chi-square for goodness of fit for both the CYP2C9*2 and *3 in the 

Control population (n=200). 

GenotYQe Prevalence 

CYP2C9*2 C¥P2C9*3 Observed EXQected (O-E) (O_E)2 (O-E)2/E 

-/­ -/­ 124 116.9 7.1 50.41 0.43 

-/­ +/­ 25 25.99 0.99 0.98 0.038 

-/­ +/+ 1 1.44 0.44 0.19 0.13 

+/­ -/­ 29 41.31 12.31 151.5 3.67 

+/­ +/­ II 9.18 1.82 3.31 0.36 

+/­ +/+ 0 0.51 0.51 0.26 0.51 

+/+ -/­ 8 3.64 4.36 19.0 5.22 

+/+ +/­ 2 0.81 1.19 1.41 1.74 

+/+ +/+ 0 0.045 0.045 0.0020 0.045 

X24d.F12.14, P( X2 0.99)=13.28 (Difference not significant) 

3.14 Genotype distribution, gene and allele frequencies of the 

CYP2C9*2 and *3 alleles in the Anticoagulation clinic population. 

3.14.1 Genotype distribution, gene and allele frequencies of the 

CYP2C9*2 allele in the Anticoagulation clinic population. 

A population of 144 individuals attending an Anticoagulation Clinic were screened for 

the CYP2C9*2 polymorphism. In this population (Table 3.6a) 114 were homozygous 

normal, 29 were heterozygous and 1 homozygous for the CYP2C9*2 polymorphism. A 

carrier frequency of 0.196 and a gene frequency of 0.012 were found in this population. 

For this specific popUlation 1.2% were homozygous for the CYP2C9*2 polymorphism. 

The population was found to be in Hardy Weinberg equilibrium in this popUlation. The 

data was evaluated using the Chi-square goodness of fit (Table 3.6b) and a X2 of 0.32 

was obtained. No differences were obtained in the prevalence of the CYP2C9*2 

polymorphism in the Control and the Anticoagulation clinic population. 
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Table 3.6a Distribution of the CYP2C9*2 polymorphism in the Anticoagulation 

clinic population (n=144). 

Genotn~e Prevalence 

Observed Ex~ected 

Homozygous CYP2C9*1/*1 (-/-) 114 114.4 

Heterozygous CYP2C9*1/*2 (+/-) 29 28.4 

Homozygous CYP2C9*2/*2 (+/+) 1 1.64 

Carrier frequency =0.196, Genefrequency =0.012 

Table 3.6b Chi-square for goodness of fit for the CYP2C9*2 polymorphism in the 

Anticoagulation clinic population (n=144). 

Genoty~e Observed Ex~ected (O-E) (O_E)2 (O-E)2/E 

Homozygous CYP2C9*1/*1 (-/-) 114 114.4 0.4 0.16 0.0013 

Heterozygous CYP2C9*1/*2 (+/-) 29 27.5 1.5 2.25 0.08 

Homozygous CYP2C9*2/*2 (+/+) 1 1.64 0.64 0.40 0.24 

,/. 2X uf0.32, P(X 0.99)- 9.21 (Difference not significant) 

3.14.2 Genotype distribution, gene and allele frequencies of the CVP2C9*3 
allele in the Anticoagulation clinic population. 

The same population was screened for the CYP2C9*3 polymorphism (Table1 3.7a). One 

hundred and twenty nine individuals were homozygous normal, 15 were heterozygous 

and none were homozygous for the CYP2C9*3 polymorphism. The population is in 

Hardy-Weinberg equilibrium with a Chi-square of 0.398 (Table 3.7b). A carner 

frequency of 0.095 and a gene frequency of 0.0025 means that 3 in 1000 of the 

population attending the Anticoagulation clinic are homozygous for the CYP2C9*3 

polymorphism. The carrier and the gene frequency for the CYP2C9*3 polymorphisms in 
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the Anticoagulation clinic population was lower than the Control population 0.095 vs 

0.18 and 0.0025 vs 0.01. 

Table 3.7a Distribution of the CYP2C9*3 polymorphism in the Anticoagulation 

clinic population (n=144). 

GenotYQe Prevalence 

Observed EXQected 

Homozygous CYP2C9*1/*1 (-1-) 129 129.14 

Heterozygous CYP2C9* 1/*3 (+1-) 15 14.48 

Homozygous CYP2C9*3/3* (+1+) 0 0.38 

Carrier Frequency=O.095, Gene Frequency=O.0025 

Table 3.7b Chi-square for goodness of fit for the CYP2C9*3 polymorphism in the 

Anticoagulation clinic population (n=144). 

GenotYQe Observed EXQected (O-E) (0_E)2 (O-E)z/E 

Homozygous CYP2C9*1/*1 (-1-) 129 129.14 0.14 0.0196 0.00015 

Heterozygous CYP2C9* 1/*3 (+1-) 15 14.48 0.52 0.27 0.018 

Homozygous CYP2C9*3/*3 (+1+) 0 0.38 0.38 0.144 0.38 

r2 r2- -X 2dr0.398, P(X 0.99)- 9.21 (Difference not slgnificant) 

3.14.3 Distribution of both CYP2C9*2 and *3 polymorphism III the 

Anticoagulation clinic population. 

The distribution of both the CYP2C9*2 and *3 alleles was determined within the same 

Anticoagulation clinic population. In this population group 1 individual was homozygote 

for the CYP2C9*2 and none for the CYP2C9*3 polymorphism (Table 3.8a and b). Two 

individuals were compound heterozygous with a copy of both polymorphisms, 

(CYP2C9*2 and CYP2C9*3). 
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Table 3.8a Distribution of both the CYP2C9*2 and CYP2C9*3 polymorphisms in 

the Anticoagulation clinic population (n= 144). 

Genot:n~e Prevalence 

CYP2C9*2 CYP2C9*3 Observed Ex~ected 

-1­ -1­ 101 101.2 

-1­ +1­ 13 11.14 

-1- +1+ 0 0.22 

+1­ -1- 27 25.2 

+1­ +1­ 2 2.78 

+1­ +1+ 0 0.05 

+1+ -I­ I 1.40 

+1+ +1­ 0 0.155 

+1+ +1+ 0 0.003 

Table 3.8b Chi-square for goodness of fit for both the CYP2C9*2 and *3 in 

Anticoagulation clinic population (n=144). 

Genotn~e Prevalence 

CYP2C9*2 CYP2C9*3 Observed EXQected (O-E) (O_E)z (O-E)2/E 

-1­ -1- 101 101.2 0.2 0.04 

3.45 

0.0004 

-1­

-1­

+1­ 13 11.14 1.86 0.31 

+1+ 0 0.22 0.22 0.048 

3.24 

0.22 

+1­ -1­ 27 25.2 1.8 0.128 

+1­ +1­ 2 2.78 0.78 0.608 0.21 

+1- +1+ 0 0.05 0.05 0.0025 0.05 

+1+ -I­ I 1.40 0.4 0.16 0.114 

+1+ +1- 0 0.155 0.155 0.024 0.155 

+1+ +1+ 0 0.003 0.003 0.0009 0.003 

X2 4¢=1.19, P(X2 0.99)==-13.28 (Difference not significant) 
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3.15 Evaluation of the sensitivity and specificity of the CYP2C9*2 and *3 

polymorphism screening methods. 

The reproducibility of the two developed screening methods were evaluated in the first 

117 patients tested in the Anticoagulation clinic group. The first screening produced 111 

results for the CYP2C9*2 method and 117 results for the CYP2C9*3 method. These tests 

were repeated to confirm the obtained results. The second screening gave 116 results for 

the CYP2C9*2 method and again 117 results for the CYP2C9*3 method. Only one 

patient that tested as a carrier of the CYP2C9*2 polymorphism in the first run tested 

normal in the second run. Thus one false positive result was obtained for the CYP2C9*2 

method. No discrepancies were found between the first and second screening of the 117 

patients for the CYP2C9*3 method. 

3.16 Con-elation between CYP2C9*2 and *3 genotypes and 

warfarin maintenance dosages. 

The Anticoagulation clinic group was divided into two groups patients (i) homogenous 

normal (n=99) and (ii) those with one or two copies of either the CYP2C9*2 and *3 

polymorphism (n=45) (Figure 3.18). Dr. de Wet (67) determined the mean maintenance 

dosage for each group as part of a collaboration study with the Department of Chemical 

Pathology. For individuals that were homogenous normal the mean warfarin dosage was 

4.85 mg/day while that for patients with at least one copy of either the CYP2C9*2 or *3 

polymorphism the mean warfarin dosage was 3.71 (Figure 3.18) (67). 
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CYP2C9 polymorph isms 


Figure 3.18: The effect of the polymorph isms on warfarin maintenance dosage (mg/day) of 

patients from the Anticoagulation clinic population was determined (67). A mean daily warfarin 

dose of 4.85 mg (SD=3.71) was calculated for patients belonging to the wild type group 

compared to 3.71 mg (SD=1.67) for polymorphic patients. 

 
 
 



68 

Chapter 4: 

Discussion. 

4.1 Introduction. 

The South African population presents with genetic founder effects, either with unique 

mutations, or increased prevalence of mutations that are found in many other populations. 

Increased prevalence of unique mutations has been found in the South African population for 

the R95W mutation associated with porphyria variegate (21) and the D206E, V408M and the 

D154N mutations associated with familial hypercholesterolaemia (62). Other mutations that 

are found in many other populations, but occur in South Africa at an increased prevalence are 

the C282Y and H63D mutations associated with hereditary haemochromatosis (20). 

Confusion exists between the definition of mutations and polymorphisms. In this study a 

polymorphism is defined as follows: A polymorphism in the same way as many mutations, is 

a single nucleotide substitution. The occurrence of a polymorphism is usually high in a 

population and is not known to directly lead to disease, but is associated with increased risk 

for certain disorders. Homozygosity for MTHFR, characterized by a C677T nucleotide 

substitution, is a good example of a mutation. It has been found to be a risk factor for neural 

tube defect and cardiovascular disease (68). Whereas the CYP2C9*2 and CYP2C9*3 

polymorph isms are associated with altered warfarin metabolism (4,5,6), but are not known to 

cause disease. A patient that is warfarin sensitive is six times more likely to have one or more 

of the described polymorphisms associated with impaired warfarin metabolism. In this study 

the gene frequency of these polymorphisms has been determined for the South African 

population. A high prevalence of CYP2C9 polymorphisms means the screening of patients 

attending an Anticoagulant Clinic receiving warfarin therapy should be implemented. 

4.2 Optimization of analytical techniques. 

The objectives of this study was firstly to establish and optimize screening methodologies for 

both the C¥P2C9*2 and CYP2C9*3 polymorphisms. Both methods were then used to screen 

a random Caucasian Control (n=200) and an Anticoagulation Clinic (n=144) population for 

both polymorph isms. The allele and gene frequencies and the prevalence of compound 

heterozygosity for the CYP2C9*2 and *3 polymorphisms was determined for both 
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populations studied. The correlation between the presence of a CYP2C9 polymorphic allele 

and warfarin maintenance dosage was determined as part of a collaboration study with the 

Department of Haematology, University of Pretoria. Information obtained was used to 

develop testing strategies for patients that do not conform to the standard protocols of 

warfarin therapy. 

The presence of the CYP2C9*2 and *3 polymorph isms were detected using restriction length 

polymorphism (RFLP) polymerase chain reaction (PCR) methodologies. Various RFLP PCR 

methods have been described for the detection of the CYP2C9*2 polymorphism (6,33,41). 

The CYP2C9*2 polymorphism is a C416T transition in exon 3 and results in an arginine (R) 

to cysteine (C) substitution at position 144 of the amino acid sequence of CYP2C9. Wang et 

al (33) described a method in which the forward primer bound up-stream at nucleotides 221­

241 while the reverse primer bound a region further down stream at 469-449. Amplification 

results in a product of 420 bp. Restriction enzyme digestion of an individual homozygous for 

the CYP2C9*2 polymorphism results in two fragments of 363 and 57 bp. Taube et al (6) 

described a method where the forward primer bound at a location of 331-354 and a reverse 

primer at nucleotide position 555-581 and results in the amplification of a 190 bp fragment. 

The presence of the single nucleotide substitution, C to T at nucleotide 416 results in the loss 

of an Ava II restriction digestion site. The latter method was chosen as it results in a smaller 

fragment, which simplifies amplification optimization and the restriction enzyme recognizes 

the normal allele. A smaller fragment is also easier to resolve by polyacrylamide gel 

electrophoresis. Gel electrophoresis of the AvaIl digested PCR product allows the 

identification of the different CYP2C9*2 genotypes. 

Likewise methods for the detection of the CYP2C9*3 polymorphism have been described 

(4,33,41). A method adapted by Aithal et al (4) from Wang et al (33) involved the detection 

of both the normal and the CYP2C9*3 alleles. Similarly Sullivan-Klose (41) used two 

separate mismatched forward primers and an intron 7 reverse primer developed by de Morais 

et al. (66). The first mismatched primer introduced an Nsi I cleavage site in the CYP2C9*3 

allele and the second mismatched primer introduced a Kpn I restriction site in the CYP2C9* 1 

allele. These primers were modified with the addition of 10 bases at the 5' end to aid in the 

detection of the fragments when resolved by gel electrophoresis. The reverse primer was 

intron-specific to eliminate unspecific binding. Amplification results in a 141 bp PCR 

product. This method was very sensitive as it was used to identify the normal and the allele 
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containing the CYP2C9*3 polymorphism. An alternative method developed by Taube et al 

(6) uses a forward primer to create a restriction site for Nsi I in the normal allele . The 

CYP2C9*3 Al 061 C substitution removes this restriction site and the 165 bp PCR 

amplification product is undigested. This method was used for the screening of the Control 

and Anticoagulation Clinic populations for the CYP2C9*3 polymorphism. The restriction 

enzyme can identify a unique sequence either in the normal allele or in the allele where the 

point mutation has occurred. In both of the studied polymorph isms the restriction enzyme 

recognizes the sequence in the normal allele. Often the restriction enzyme will recognize 

several sites; one a common site to both alleles and a site where the point mutation has 

occurred. Such a common site serves as an internal control whereby the effectiveness of 

restriction digestion can be determined. Alternatively the restriction enzyme recognizes the 

region where the substitution occurs in the normal allele, where the polymorphism is absent, 

again this will also serve as a control to evaluate successful digestion as there are usually 

more individuals within a population that are negative for a mutation or a polymorphism. 

This is of great importance, especially if the presence of a rare mutation or polymorphism is 

being investigated. 

In PCR the primers define the region to be amplified, which is usually the region containing 

the polymorphism of interest. Several factors play an important role in the success of a PCR 

reaction. This includes the quality and concentration of the DNA, Taq DNA polymerase, 

MgCb and primer concentration. 

The DNA used for the Control population had been stored for a period of IS months at 4°C. 

For successful PCR amplification DNA should be intact, no fragmentation should have 

occurred (50). Agarose gel electrophoresis revealed that the stored DNA was intact without 

any fragmentation and was of the same quality as the freshly isolated DNA obtained from 

samples collected for the Anticoagulation Clinic group (Figure 3.1). The concentration of the 

DNA in the samples was determined spectrophotometrically from the 260 nm absorbance 

reading and the purity from the 260/2S0 nm ratios. Both sources of DNA had a ratio of 1.S5, 

which is within the range of 1.70 - 1.90 and is acceptable (50) for PCR amplification. The 

purity and the concentration of five DNA samples from the Control and three isolated from 

the Anticoagulation Clinic population were determined. Rather than determining these 

parameters for all samples the assumption was made that when using the same isolation 

methods, the DNA concentrations of the other samples would be similar. However if a patient 
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has an infection such as a bacterial infection, the leukocyte levels are raised and larger 

amounts of DNA will be isolated. The effect of different DNA concentrations on the 

amplification of the 190 and 165 bp PCR amplification product for the CYP2C9*2 and *3 

polymorphism was therefore determined. Conditions in which the amount of DNA available 

is very low, reaction or cycling conditions can be adapted and modified to allow the reaction 

to work efficiently. Within limits, increasing the template concentration may improve the 

outcome of the PCR reaction. The concentration of DNA was optimized for each PCR 

reaction . Both methods were not affected by different concentrations of DNA and a clear 

band without streaking from the well was observed. Different concentrations of 4.2 ngl)..d and 

6.2 ng/j.ll DNA was used for the amplification of the 190 and 165bp PCR fragment used for 

the identification of the CYP2C9*2 and *3 polymorphisms respectively. 

Taq DNA polymerase is used to synthesize new strands of DNA and the optimal Taq DNA 

polymerase enzyme activity is between 0.5 and 2.5 units . In the methods developed , the aim 

was to use as little as possible of the Taq DNA polymerase to reduce screening costs. The 

effect ofTaq DNA polymerase on the amplification of the CYP2C*2 and *3 polymorphisms 

was evaluated. At a Taq DNA polymerase concentration of 0.5U (0.025 and 0.022U/j.l1 for 

the CYP2C9*2 and *3 polymorphism respectively) sufficient product for successful 

restriction enzyme digestion and the identification of the different genotypes was obtained. 

For effective incorporation of nucleotide bases (dNTP's), Taq DNA polymerase requires free 

magnesium (57). At a dNTP concentration of 200llM a concentration of 1.5mM MgCIz is 

usually recommended. At a constant dNTP concentration of 200llM the effect of various 

concentrations of MgCb was investigated. Criteria for successful ampl ification include a 

clearly defined band without streaking and nonspecific amplification product formation. At 

1.5 mM MgCIz for the CYP2C9*2 polymorphism and 2 mM MgCb for the CYP2C9*3 

polymorphism this criteria was met. 

Various authors (47,57) recommend DMSO and glycerol to improve amplification efficiency 

(greater amount of product) and specificity (no unspecific products) of PCR, when used in 

concentrations varying between 2-10% (57). Often the use of these adjuvants gives 

confl icting results. In some instances DMSO improve the amplification of some products, but 

decrease the product formation of others whereas other PCR amplification reactions are not 
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influenced at all. Similar results were obtained with 5% glycerol. BSA, in concentrations of 

up to 0.8J.lg/)..d, increases the efficiency of the PCR reaction to a greater extent than either 

DMSO or glycerol. Therefore, the value of these adjuvants was tested for each PCR reaction . 

Adjuvants BSA, DMSO, and glycerol had no effect on the amplification of the 190 bp 

fragment containing the CYP2C9*2 polymorphism. For the CYP2C9*3 amplification 

reaction DMSO and glycerol had no effect while 5)..1.g BSA resulted in an increase in 

amplification efficiency. 

In order to screen a large popUlation for the CYP2C9*2 and *3 polymorphisms cost­

effectively, it was necessary to determine the minimum reaction volume required for 

successful amplification. The original PCR reaction volume was decreased to 60% of the 

volume originally used. A reaction volume of 15)..1.1 for both polymorphisms was sufficient. 

Often restriction enzyme digestion is the most expensive step in the identification of a point 

mutation and therefore it is necessary to optimize the amount of restriction enzyme used. This 

can either be achieved by decreasing the total PCR reaction volume, or by decreasing the 

actual amount of restriction enzyme added. In this study, decreasing the total reaction volume 

reduced the amount of restriction enzyme used by 40%. The amount of restriction enzyme 

used (units/volume) could only be reduced in the digestion of the CYP2C9*3 PCR product. 

Reduction of the amount of restriction enzyme added in the digestion step of the CYP2C9*2 

analysis, compromised on the efficacy of the enzyme and the different genotypes could no be 

identified. 

Adelekan (68) described a method for the storage of PCR reaction mixtures (that included 

PCR buffer, nucleotides, Taq polymerase, MgCb and primers) for extended periods at -70°C. 

Subsequent thawing, addition of DNA and PCR amplification resulted in the successful 

amplification and detection of the C282Y and H63D, Hereditary Haemochromatosis 

mutations. However Adelekan (68) found that this method could not be used for ARMS PCR 

based methodologies. The methods used for the detection of the CYP2C9*2 and *3 

polymorphisms are RFLP methodologies and therefore the storage of mixtures of PCR 

reagents including the primers, dNTP, Taq DNA polymerase in the presence of MgCb and 

buffer should be considered. Aliquots of the PCR mixtures of both polymorphisms, including 

all reagents except template DNA was stored at -70°e. These reaction mixtures were tested 

after 5, 6, 11 days. Subsequent thawing of the PCR reaction mixture, followed by the addition 
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of genomic DNA, resulted in no amplification of the 190 and 165 bp fragments of the 

CYP2C9*2 and *3 polymorph isms after only 11 days. Therefore freshly prepared PCR 

mixture had to be prepared for the analysis of each polymorphism. 

The optimized PCR method that resulted in the amplification of a 165bp fragment, followed 

by Nsi I digestion resulted in two fragments of30 and 135bp. These results differed from that 

of Sullivan-Klose et al (41) who were using the same primers and reported an amplification 

product of 141bp, which was digested into two fragments of 29 and 112bp by Nsi I. All 

indications were that this product was very specific and optimization of several parameters 

such as annealing temperature, MgCb and primer concentration still resulted in a single band 

of 165 bp. Restriction enzyme digestion of the 165bp fragment with Nsi I resulted in two 

fragments of 30bp and 135bp indicating that the restriction enzyme recognized the mismatch 

and therefore digestion was occurring at the correct site. The sequence for the region 

containing the CYP2C9*3 polymorphism was obtained from BLAST (Basic Local Alignment 

Search Tool) (65). The primer binding sequences were identified and the expected size of the 

PCR product was calculated. The calculated size of the PCR product correlated with a size of 

155 bp. The AA T tai I of the forward primer added another 10bp to the fragment size and the 

final fragment length was 165bp. To further ensure that the fragment obtained was the correct 

region, the 165 bp fragment containing the CYP2C9*3 polymorphism was sequenced. The 

sequencing results obtained from the DNA Sequencing Unit at the University of Stellenbosch 

showed that the 165 bp band was the region containing the CYP2C9* 3 polymorphism 

(Section 3.12.4). Neither Wang (33) nor Sullivan-Klose (41) presented sequencing results for 

the obtained fragment of 141 bp. Sequencing is the only way to confirm beyond doubt that the 

correct fragment has been amplified. The method developed to screen the South African 

Caucasian population for the CYP2C9*3 polymorphism, yielded a fragment of 165bp. The 

size of this fragment has been confirmed by sequencing (Table 3.2) and can be accepted as 

correct. 

For the identification of a specific polymorphism a number of controls should be included in 

each batch of PCR reactions. The first of these are a negative control that includes all 

reagents except genomic DNA, which determines whether the prepared PCR mixture is 

contaminated with foreign DNA during any of the preparation steps. The next two controls 

are patient negative and positive controls i.e. DNA of a patient that has tested negative and 

DNA of another patient that has tested positive for the polymorphism in the past. To verify 
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whether in these control patients the polymorphism is absent on both alleles (homozygous 

normal (-/-)) or present on both alleles (homozygous polymorphic (+/+)) it is necessary to 

determine the exact nucleotide sequence for each control. This was achieved by determining 

the sequence of the PCR products. In order to sequence a fragment of DNA the PCR product, 

190 and 165 bp fragments for the CYP2C9*2 and *3 polymorph isms respectively, must be 

isolated and purified. The fragments are separated from the other components in the PCR 

reaction by agarose gel electrophoresis. Low melting point agarose is used instead of the inert 

polymerized polyacrylamide gels as the PCR fragments can be eluted from agarose gel. 

A sample of the PCR product isolated from the agarose gel usually is reloaded onto an 

electrophoresis gel. This is an expensive process as a large amount of isolated product is 

used. Therefore it was decided to use a small volume of the isolated sample as substrate for a 

nested PCR using the same primers as used in its initial amplification. Subsequently a single 

band of the correct size verified that the fragment isolated was the product of interest. A band 

of either 190 or 165 bp for the CYP2C9*2 and *3 polymorphism respectively, indicated that 

the correct fragments had been isolated. 

The concentration of the isolated 190 and 165 bp fragments was determined by measuring 

their absorbance at 260 nm. The samples containing the CYP2C9*2 and *3 fragments were 

diluted to a final concentration of 1.0 ng/j.ll. The two primers used in the amplification of 

each polymorphism were diluted to a final concentration of 1.1 pmollj.ll. The fragments and 

primers were sent to the DNA Sequencing Unit at the University of Stellenbosch for 

sequencing. 

Initially sequencing was not successful due to the low concentrations of the PCR products. It 

was recommended by the DNA Sequencing Unit at the University of Stellenbosch that the 

centrifugation speed should be reduced at the step where the fragments are separated in a 

resin column. When using a resin DNA isolation procedure, the resin beads move from the 

column into the end product when subjected to high centrifugal force. These beads falsely 

increase absorbance and the incorrect concentration is calculated. 

To send DNA samples to Stellenbosch using a courier service is expensive. Sending the 

samples via registered mail would be more cost effective. It was therefore necessary to 

determine the stability of the DNA and primers at room temperature for a period of four days. 
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The integrity of the fragments and primers, after subjecting it to conditions similar to those 

expected from the 2000 km journey for four days, was found to be stable. The CYP2C9*2 

and *3 fragments were sequenced using the Big Dye Terminator Cycle sequencing kit for 

automated sequencing on an ABI Prism 377 DNA sequencer. The sequences for both PCR 

fragments were the same as reported by Romkes et al (23) for exon 3 and by de Morais et al 

(66) for exon 7. 

Both the homozygous normal (-1-» controls for both polymorphism methods were sequenced. 

In the developed screening methods for the CYP2C9*2 and 3 polymorph isms, the normal 

allele is identified by the restriction enzyme. The sequences are presented in Table 3.1 and 

3.2 respectively. The nucleotide sites of restriction, polymorphism and primer binding are 

indicated on these sequences. Both the forward and reverse sequences are present and once 

overlaid the complete sequence for the CYP2C9*2 (190bp) and CYP2C9*3 (165bp) fragment 

is obtained. To ensure that complete forward and reverse sequence is obtained, the 

sequencing cycling conditions should be reevaluated and possibly a longer extension time 

should be considered. 

4.3 Population study. 

Once all methodologies were optimized and well established, screening of the Control and 

Anticoagulation Clinic population was undertaken. The reproducibility of the methods was 

evaluated . All the patients in the Anticoagulation Clinic group were screened in duplicate. 

One individual tested heterozygous for the CYP2C9*2 polymorphism in the first screening 

but tested homozygous normal in the second run. Thus one false positive was detected for 

288 tests performed . The false positive was probably detected due to incomplete digestion by 

the restriction enzyme A va II in the first analysis. 

4.3.1 The allele frequencies of the CYP2C9*2 and *3 polymorphisms in 

different normal populations. 

The frequencies of the CYP2C9*2 and CYP2C9*3 polymorphisms have been determined in a 

number of populations and these together obtained for the South African Caucasian control 

population is summarized in Table 4.1. 
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Table 4.1: The allele frequency of the CYP2C9*2 and *3 polymorphisms in different 

populations. 

Polymorphism CYP2C9*1 CYP2C9*2 CYP2C9*3 

Point mutation Arg14,Jlle359 Cys14,Jlle35 Arg14,JLeu359 

Caucasians (41) 79%-86% 8%-19.1% 6%-10% 

Indigenous Canadian (43) 91% 3% 6% 

African American (41,43) 98.5% 1%-3.6% 0.5%-1.5% 

Asians (43) 95%-98.3% 0% 1.7%-5% 

Taiwanese (33,41) ' 97.4 % 0% 2.6% 

British Aithal et at (4) 60% 22% 18% 

British Taube et at (6) 69% 20.6% 10.4% 

South African # 55.5% 25% 19.5% 

# South African figures are from this thesis. 

The CYP2C9*2 and CVP2C9*3 polymorph isms is rarely found in African American, Asian 

and Taiwanese populations (Table 4.1) . It is predominantly found in Caucasian populations. 

Wittkowsky (43) reported at the Anticoagulation Forum in 2002 that there is also a vast range 

in prevalence between different Caucasian populations with 8-19.1 % and 6-10% for the 

CYP2C9*2 and *3 polymorphism respectively. It is not very clear which Caucasian 

popUlations were studied or how many patients were included in the study. The CYP2C9*2 

(+1-) polymorphism was found in 22% of the Australian Caucasian individuals (n=18) studied 

by Bhasker et af (1). Furuya et af (13) found the CYP2C9*2 polymorphism to be present in 

38% of the 94 British Caucasians that were studied . Aithal et af (4) performed a regional 

specific study in North-East England and found the CYP2C9*2 polymorphism in 22% and 

the CYP2C9*3 polymorphism in 18% of the individuals (n=100) studied. Taube et af (6) 

studied a group of 561 British Caucasian individuals and reported the CYP2C9*2 

polymorphism in 20.6% of the individuals and the CYP2C9*3 polymorphism in 10.4% of the 

individuals. In the South African Caucasian population the CYP2C9*2 polymorphism was 

found in 25% and the CYP2C9*3 polymorphism in 19.5% of the individuals screened. The 

prevalence of the CYP2C9*2 polymorphism is in the higher range of that described by 

Wittkowsky (43) for various Caucasian populations. The allele frequency of the CYP2C9*3 

polymorphism is almost double the maximum of the range. The allele frequency of the 

CYP2C9*2 polymorphism is similar to that found by Aithal et af (4) and Taube et al (6) for 
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the British population. The allele frequency of the CYP2C9*3 polymorphism is similar to 

that of Aithal et af (4) which is the highest prevalence shown is Table 4.1. 

The South African Caucasian population is of European origin with many South Africans 

being of British, French and Dutch descend. No data could be found concerning the allele 

frequency of these polymorph isms in the Dutch and French populations. Therefore the South 

African prevalence's can only be compared to the two studies of reference performed by 

Aithal et af (4) and Taube et af (6). 

4.3.2 Distribution of the various CYP2C9*2 and *3 genotypes in the British and 

South African Control and Anticoagulation clinic populations. 

Aithal (4) determined the effect of the CYP2C9*2 and *3 polymorph isms in the CYP2C9 

gene on warfarin dose requirements and risk of bleeding complications. The prevalence of 

these polymorphisms was determined in a community control (n=100), a clinic control 

population (n=52) and low dosage group (n=36). The South African Caucasian population in 

this study comprised a Control population (n=200) and an Anticoagulation Clinic (n=144) 

population. In the community control group of Aithel et af (4) 20% of the popUlation was 

found to be heterozygous and none homozygous for the CYP2C9*2 polymorphism. In the 

South African Control population with the same selection criteria as the community control 

population of Aithel et af (4), 20% were heterozygous and 5% CYP2C9*2 homozygous. In 

the same population Aithal et af (4) reported 17% individuals heterozygous for the 

CYP2C9*3 polymorphism and only 1 % homozygous. In this study 19% of the population 

were CYP2C9*3 heterozygous and 0.5% homozygous. Aithal et af (4) reported 2% 

compound heterozygotes compared to the 5.5% compound heterozygotes found in this South 

African Caucasian population. In conclusion, the presence of individuals that are CYP2C9*2 

homozygous and compound heterozygous are greater than that found by Aithel et af (4) in the 

British Caucasian population. The homozygous normal genotype was evenly distributed 

between the two popUlations. Sixty percent (4) of the individuals in the UK population and 

61 % of the 200 individuals in the SA popUlation tested negative for both of the 

polymorphisms. 
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4.3.3 Distribution of various CYP2C9*2 and *3 genotypes in the British and 

South African Anticoagulation Clinic populations. 

The clinic control group of Aithal (4) consisted of 52 patients that were randomly selected 

from a wide range of warfarin dose requirements and attending an anticoagulant clinic in 

n0l1heast England. The clinic control group of Aithal et al (4) was small and the population 

prevalences of the polymorph isms cannot be accurately predicted. Nevertheless, the gene 

distributions in Aithal's study and this study can be compared. Seventeen percent of Aithal et 

aI's clinic control group (4) was heterozygous for the CYP2C9*2 polymorphism and 19% 

were heterozygous for the CYP2C9*3 polymorphism. In the South African Anticoagulation 

Clinic group 20% of the population was CYP2C9*2 heterozygous and 10% were CYP2C9*3 

heterozygous. The percentage of individuals in the clinic control group (4) heterozygous for 

the CYP2C9*3 polymorphism was almost twice that found in the SA Anticoagulation Clinic 

population . In the clinic control population 2% of the patients were CYP2C9*2 homozygous 

but none CYP2C9*3 homozygotes, or compound heterozygotes were found. 

In the Anticoagulation Clinic population a single patient (0.6%) was homozygous for the 

CYP2C9*2 polymorphism but no CYP2C9*3 homozygous patient was detected. No 

conclusion can really be made when comparing these populations due to the small size of the 

clinic control population. Although 10% of the clinic control group of Aithel et al (4) were 

CYP2C9*3 heterozygous, no patients were homozygous. The explanation for this by the 

authors was that these patients might have been excluded from the group due to the fact that 

they could not comply with the usual dosing strategies. However, absence of homozygosity is 

often a common phenomenon when small populations are screened for a polymorphism that 

occurs at a low prevalence. The method of detection may be another possible reason for the 

lower than expected prevalence of the CYP2C9*3 polymorphism. The CYP2C9*3 

polymorphism is detected with a mismatch RFLP method. The only study where more 

CYP2C9*3 homozygotes were detected than expected according to the calculated Hardy­

Weinberg value, was done by Higashi et al (17). The authors used direct sequencing as 

detection method for the described polymorphisms. Direct sequencing is much more 

expensive when screening large populations but also much more accurate. The only way to 

confirm the accuracy of the mismatch primer RFLP screening method used for the detection 

of the CYP2C9*3 polymorphism in the South African population, is to do a comparative 
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sequencing study. This may be the reason why Wang et al (33) used two separate methods 

for detection of the CYP2C9*1 and CYP2C9*3 polymorphisms. 

4.3.4 The impact of the CYP2C9*2 and *3 on warfarin therapy. 

In a larger study, Taube et al (6) studied the influence of CYP2C9*2 and *3 polymorph isms 

on warfarin sensitivity and risk of over-anticoagulation in patients on long-term treatment 

prescribed by the Cambridge anticoagulant clinic. Five hundred and sixty one patients with a 

target INR of 2.5 who had been treated with warfarin for more than 2 months were screened . 

In this population 0.5% and 0% were homozygote for CYP2C9*2 and CYP2C*3 

respectively. Although the selection criteria used in this study differs from the 

Anticoagulation Clinic population due to the large population used in the latter study some 

comparisons can be made. 

Aithal et al (4) also screened a low dose group that consisted of36 patients that received 1.5 

mg or less warfarin. The prevalence of the polymorphisms in the low dose group was 6% and 

0% for the CYP2C9*2 and *3 polymorphisms respectively. Patients in the low dose group 

were six times more likely to have variant alleles in the CYP2C9 region compared to the 

general population. In 20% of these patients doctors experienced difficulty establishing 

optimum anticoagulation doses (4). These polymorphisms are associated with adverse 

clinical outcomes including over-anticoagulation during initiation (4) and major and minor 

bleedings (8). In a group of 185 patients studied over 2.3 years serious and life threatening 

incidents of bleeding occurred 2.2 times more often in patients with the polymorph isms than 

in patients with the wild type genetic composition (17). According to Margaglione et al (8) , 

carriers of the CYP2C9*2 and *3 polymorphisms had a calculated rate of bleeding 

complications of27.9 per 100 patient years (8). 

In this study as a part of a collaboration study with the Department of Haematology, the 

Anticoagulation Clinic population was divided into two groups; those without a CYP2C9*2 

or *3 polymorphism and those with a polymorphism either homozygous or heterozygous. 

The first group presented with a mean warfarin maintenance dosage of 4.85 mg/day while 

patients with the CYP2C9 had a mean maintenance dosage of 3.71mg/day. De Wet (67) also 

evaluated age, sex, and indication for warfarin therapy, concurrent medication and INR. From 
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this study it was found that genotype and age was very significant determinants of daily 

warfarin dose. 

4.4 Recommendations for warfarin therapy. 

Unpredictable pharmacological behavior occurs with many commonly used medications. It is 

a common source of excessive or inadequate drug dosing, and, for a given patient may cause 

a specific medication to be toxic or ineffective (41). Although dosing problems have 

historically been attributed to factors such as patient demography, diet, age, hepatic 

dysfunction, underlying disease or drug interactions, it is now apparent that an individual's 

pharmacological profile for a given medication may be largely genetically determined (32). 

Functionally significant; drug metabolizing enzyme polymorph isms, may partly underlie 

variability in drug response and determine efficacy. 

Warfarin (Coumadin) is the most frequently prescribed oral anti-coagulant, the fourth most 

prescribed cardiovascular agent and the overall eleventh most prescribed drug in the USA 

(69) with annual sales of $500 million (70). Despite this the Agency for Healthcare Policy 

and Research (AHCPR) stated that the drug was still greatly under utilized for stroke 

prevention. Although warfarin prevents 20 strokes for every bleeding episode, physicians are 

still reluctant to prescribe it because of unfamiliarity with techniques for safe administration 

(7). 

Bleeding is the major complication of warfarin therapy. The estimated average annual 

frequency of fatal, major and minor bleedings is 0.6%,3.0% and 9.6% respectively (71). The 

threat of bleeding in some studies was more prominent early in therapy. The prevalence of 

major bleeding in a population followed prospectively after beginning therapy was 3.0% 

during the first month, 0.8% per month during the remainder of the first year, and 0.3% per 

month after the first year (72). Prediction of individual dosage requirements would help 

decrease the risk of bleeding. Several methods are used to anticipate the maintenance dosage 

of warfarin based on early response, such as algorithms, measurement of protein C and S 

levels, and computer assisted models (4) . 

Other factors that may influence warfarin therapy are concomitant drugs, hepatic impairment, 

diet and compliance. Other drugs may influence the pharmacodynamics of warfarin by 
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inhibiting synthesis or increasing clearance of vitamin K-dependant coagulation factors or by 

interfering with other pathways of hemostasis. The anticoagulant effect of warfarin is 

augmented by second and third generation cephalosporins, which inhibit the cyclic 

interconversion of vitamin K (73,74); by thyroxine, which increases the metabolism of 

coagulation factors (75); and by clofibrate, through an unknown mechanism (76). Doses of 

salicylates > 1.5 g per day (77), and acetaminophen (78) also augment the anti-coagulant 

effect of warfarin. Drugs such as aspirin (79), nonsteroidal anti-inflammatory drugs (80), 

penicillins (in high doses) (81,82) and moxolactam (74) increase the risk of warfarin­

associated bleeding by inhibiting platelet function. Of these aspirin is the most important 

because of its widespread use and prolonged effect (83). 

Age and liver volume account for about 34% of the inter-individual difference in warfarin 

dosage requirements (84). A noteworthy negative association was established between age 

and liver volume and a positive correlation between liver volume and dose. This implies that 

a fall in liver mass contributes to the age-related increase in sensitivity to warfarin (85), 

which might be the result of a fall in total hepatic content of vitamin K epoxide reductase 

(86). 

In a number of studies as well as this study it has been shown that there is there is a strong 

association between CYP2C9 genotype and warfarin sensitivity (4,5,6). An individual 

requiring a low warfarin dose is six times more likely to be positive for one or more of the 

variant alleles (CYP2C9*2 and CYP2C9*3) associated with impaired warfarin metabolism 

when compared with the general population. Identifying these patients before prescribing 

warfarin may be the solution to bleeding complications associated with this anticoagulant. 

Horton (7) describes in detail different strategies for prescribing warfarin. A very simplified 

approach is to administer Smg/day and to monitor the INR very closely until the desired 

range has been achieved and maintained (10) . The frequency of monitoring can then be 

reduced to every 4 weeks (10,87,88). These models oblige patients to have taken numerous 

doses of the drug, thus exposing the patient to the risk of bleeding from the onset. The 

capability to predict dosage requirements prior to starting therapy would be ideal. Identifying 

patients with an inherited impaired ability to metabolise warfarin is one proposed method. By 

screening patients for genetic polymorph isms such as CYP2C9*2 and *3 prior to the 
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initiation of warfarin therapy may reduce the number of dosage adjustments required until the 

maintenance dosage is achieved. 

However, testing is usually only available in certain large molecular diagnostic laboratories. 

Furthermore the screening methodologies described in this study are not ideal for mass 

routine screening. Rapid CYP2C9*3 assays have been developed by Hiratsuka et al (89) in 

1999 that shows promise for high volume use in clinical laboratories with the availability of 

results in less than 3 hours. 

As point-of-care genetic testing becomes clinically feasible, the use of genotyping may have 

practical implications for the management of warfarin patients. The genetic basis of dose­

response is so profound that genetic testing before administering warfarin might rule out 

episodes of hemorrhagic and thrombotic complications to a large extent according to USA 

data. Treating a major episode of bleeding in 1997 costed an estimated amount of $1245 for 

patients already admitted to a hospital and $4149 for outpatients (90) . In comparison the cost 

of screening for the CYP2C9*2 and CYP2C9*3 polymorphisms is merely R780.00 ($100), 

according to the "Scale of benefits" as used by the Bureau of Health Care Funders. No 

information is available regarding the cost in South Africa. Any added information that 

would improve warfarin administration and reduce the prevalence of bleeding events would 

reduce the costs to an already overextended health care system in South Africa. Difficult 

induction has financial implications that lead to delayed discharges and numerous visits to the 

clinics. A screening test for CYP2C9* I *2 and *3 is currently available in America at a cost 

of approximately $250 (91). The Molecular Diagnostic Laboratory, University of Pretoria 

performs the same test for approximately R400 for both polymorphisms. 

The South African population has diverse ethnicity and population screening using the above 

methodologies are only limited to the Caucasian population. However recent studies have 

identified other polymorphisms such as the CYP2C9*4 and *5 that may be specific to other 

population groups present in South Africa. A new allelic variant in exon 7 of the CYP2C9 

gene has been found in African Americans as described by Dickmann et al (48). The 

polymorphism is characterized by a C360G substitution at nucleotide 1080 that causes a mis­

sense mutation. This polymorphism is known as CYP2C9* 5 (48). The CYP2C9 

polymorphisms is found in about 10% of African Americans and prevalences are roughly 
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equally devided between the CYP2C9*2, CYP2C9*3 and CYP2C9*5 variants. The 

CYP2C9*5 polymorphism is associated with a 31 fold reduction in warfarin clearance (48). 

As genomic information becomes more readily available, clinicians will need to establish 

new guidelines for patient management, especially when administering drugs with a narrow 

therapeutic index like warfarin. Variant genotype, CYP2C9 in this instance, could in future 

be considered a "sensitivity factor" when initiating therapy, or might direct the clinicians in 

prescribing alternate therapies. 

In conclusion both the CYP2C9*2 and *3 polymorphisms are present in the South African 

Caucasian population. The prevalence of the CYP2C9*2 and *3 polymorphisms is similar to 

that of the British population. Indications are that the prevalence of the CYP2C3 

polymorphism may be higher. However this can only be verified in a larger population study. 

No founder effect has been found for these polymorphisms. The screening of patients 

attending an Anticoagulation Clinic should be implemented, as this will have a significant 

effect on the treatment strategy utilized . 

4.5 Conclusion. 

The objectives for this thesis have been met: 

1. 	 PCR screening methods for detecting the CYP2C9*2 and *3 polymorphisms have 

been established and optimized. 

2. 	 The prevalence of these polymorphisms has been determined in the South African 

Caucasian population. 

3. 	 There seems to be no Founder Effect compared to the British population; however, 

figures for the Dutch and French populations are not known and the Founder Effect 

may not yet be excluded. 

4. 	 It is clear that the prevalence of the CYP2C9*2 and *3 polymorphisms are high 

enough in the South African Caucasian population to consider screening patients 

before initiating warfarin therapy. 
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