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The family of cytochrome CYP450 enzymes
consists of more than 30 enzymes which are the
major mediators of phase I metabolism of drugs and
endogenous compounds. Genetic polymorphism of
CYP450 enzymes can lead to adverse drug reaction
or inadequate response to commonly prescribed
doses of the therapeutic agents (1). CYP2C9 repre-
sents the most abundant form among human CYP2C
isoforms and comprises approximately 20% of the
total hepatic CYP450 content. It participates in the
metabolism of number of drugs including non-
steroidal anti-inflammatory agents, S-warfarin,
phenytoin, tolbutamide and losartan (2).
Polymorphism in the CYP2C9 gene seriously
affects the toxicity of drugs, with S-warfarin in par-
ticular, and may lead to severe and life-threatening
bleeding episode (3). Three variants of the CYP2C9
allele denominated as CYP2C9*1, CYP2C9*2 and
CYP2C9*3 have been found in Caucasian popula-
tion,. The mutant alleles CYP2C9#2 and CYP2C9*3
differ from the wild-type CYP2C9*1 by a point
mutation, i.e., CYP2C9*2 is characterized by a
C416T exchange in the exon 3 resulting in
Arg144Cys substitution, whereas CYP2C9%*3 has an
exchange of A1061C in exon 7 causing Ile359Leu
substitution. Both allelic variants are associated with
reduced catalytic activity compared to the wild type;
they are reported to show approximately 12%
(CYP2C9%2) and less than 5% (CYP2C9*3) of the
wild-type enzyme activity (4, 5).

Long QT syndrome is a rare inherited disorder
of ion channels that may cause dangerous heart
rhythms in response to exercise or stress. Inherited
long QT syndrome affects about 1 among 7000 peo-
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ple. To date, mutations in 11 genes have been dis-
covered and described as being relevant for this dis-
ease. The LQT1 type is caused by mutation in the
KCNQI1 gene and is found in approximately
50-60% of cases. The LQT?2 type can be caused by
mutations in HERG gene and it is found in 30-35%
of clinical cases (6, 7). The treatment of long QT
syndrome is intended to prevent abnormal heart-
beats, decrease hypertension and improve lipid pro-
file and function of platelets. The treatment options
include antiarrhythmic and antihypertensive agents
(i.e., losartan), cholesterol lowering drugs, supple-
mentation of potassium and anticoagulants (i.e., S-
warfarin) (8).

The metabolism of the anticoagulant drug S-
warfarin was found to be markedly lowered in
patients having mutant CYP2C9 alleles. Moreover,
a strong association was demonstrated between
CYP2C9 variant alleles and low S-warfarin dose
requirement, as well as a higher risk of bleeding
complications, so it was suggested that dose adjust-
ment of S-warfarin in patients carrying 2C9 allelic
variants might be worthwhile in order to lower the
risk of drug intoxication and bleeding (9). CYP2C9
genotype contributes to inter-individual differences
in losartan activation and its hypotensive effect (10).
Evaluation of losartan in the elderly showed that
losartan reduced the QT dispersion in elderly
patients with heart failure, so it may reduce mortali-
ty of long QT patients (11). Polymorphism of
CYP2C9 has strong influence on long QT patients
drug therapy and its allelic variants may cause
severe adverse reaction. The purpose of the present
study was to investigate the prevalence of the
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CYP2C9*2 and CYP2C9*3 allelic variants in the
group of 104 patients with long QT and discuss their
clinical implication in the modern pharmacotherapy
of long QT syndrome.

EXPERIMENTAL

Clinical study

A group of 104 patients sufferngi from long
QT syndrome (58 males and 46 females, mean age
49 + 12 years) were recruited for genotyping study
after approval by the local ethics committee. The
diagnosis of syndrome was based on clinical exam-
ination of patients, which was performed according
to guidelines issued by Polish Cardiology Society.
All patients had QTc interval > 440 ms for men and
450 ms for women. The exclusion criteria were QTc
at baseline and history of additional risk factor
(hypokalemia, heart failure, left ventricular hyper-

trophy).

ASA-PCR genotyping

Genomic DNA was extracted from the 5 mL
whole blood samples with the use of Genomic Prep
Plus method (A&A Biotechnology, Gdynia,
Poland). Allele-specific amplification (ASA-PCR)
was developed for genotyping CYP2C9*2 and
CYP2C9*3 alleles. Each reaction mix included an
external pair of primers (named forward and
reverse) and two allele-specific primers, carrying
either the wild type nucleotide or the mutant
nucleotide in the 3’ position. PCR would amplify
the region between the wild type primer and the
reverse external primer only if the wild type allele
was present. Inversely, amplification of the region
between the internal mutation specific primer and
the forward external primer would occur only if the
mutant allele was present. Wild type and mutant

Table 1. Primers used for ASA-PCR.
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amplicons can be distinguished by a fragment size.
A third fragment, which represents the region
between the two external primers, was also generat-
ed and served as an internal control. The following
reaction mixture was prepared for tetra-primer PCR
assay to genotype CYP2C9*2: 100 ng of genomic
DNA, 0.5 U of Taq DNA polymerase (Novazym,
Poznan, Poland), a final concentration 1 x PCR
buffer, 1.5 mM of MgCl,, 100 uM of each dNTP,
and primers as follows: CYP2C9E3-F (0.24 uM),
CYP2C9E3-R (0.16 uM), CYP2C9E3-T-F (0.16
uM), CYP2C9E3-C-R (0.24 uM) (Genomed,
Warszawa, Poland). The mixture volume was
adjusted to 25 uL. with water. Primer sequences are
listed in Table 1. The following thermal conditions
were used: 95°C for 2 min for initial denaturation,
and then 10 cycles at 95°C for 20 s, 66°C for 45 s
and 72°C for 45 s, 20 cycles at 95°C for 20 s, 63°C
for 45 s and 72°C for 45 s, and a final extension at
72°C for 5 min. In order to genotype the CYP2C9*3
polymorphism four primers were combined in one
tetra-primer PCR assay. These were: CYP2CI9E7-F
(0.2 uM), CYP2C9E7-R (0.2 uM), CYP2C9E7A-F
(0.2 uM) and CYP2C9E7C-R (0.2 uM) (Genomed,
Warszawa, Poland. The other reaction mixture
ingredients were identical to the ones applied for
CYP2C9*2. The following thermal conditions were
used: 95°C for 2 min for initial denaturation, 10
cycles at 95°C for 20 s, 59°C for 45 s and 72°C for
45 s, 20 cycles at 95°C for 20 s, 57°C for 45 s and
72°C for 45 s, and a final extension at 72°C for 5
min (12, 13). Primer sequences are listed in Table 1.
The PCR products were separated by polyacryl-
amide gel electrophoresis and visualized by silver
staining. The length of the ASA-PCR products were
established based on the comparison with marker
DNA with the use of BAS SYS 1D program (Biotec
Fisher, Perth, Australia).

Target Primer Sequence 5’— 3’

CYP2C9E3-F AATAGTAACTTCGTTTGCTGTTATCTC

CYP2C9*2 CYP2C9E3-R CAGTAGAGAAGATAGTAGTCCAGTAAGGT
CYP2COE3T-F GGAAGAGGAGCATTGAGGACT
CYP2C9E3C-R GGGCTTCCTCTTGAACACG
CYP2C9E7-F GCCATTTTTCTCCTTTTCCAT

CYP2C9¥3 CYP2C9E7-R GGAGAACACACACTGCCAGA
CYP2C9E7A-F GCACGAGGTCCAGAGATACA
CYP2C9E7C-R TGGTGGGGAGAAGGTCAAG
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All data were analyzed using the Statistica ver-
sion 10 software. Differences in the distribution of
all analyzed CYP genotypes were performed with y*
test. Differences were considered statistically signif-
icant at p value < 0.05.

RESULTS

Amplification of CYP2C9*2 with the use of
the external forward and external reverse primers
yielded a 581 bp PCR product, amplification with
CYP2C9E3T-F and external reverse primers indi-
cating the presence of a T allele yielded a 127 bp
product, amplification with CYP2C9E3C-R and
external forward primers, indicating the presence of
a C allele, yielded a 493 bp product. Amplification
of CYP2C9*3 with the use of external forward and
external reverse primers yielded a 434 bp product,
amplification with CYP2C9E7A-F and external
reverse primers, presenting the A allele, yielded a
295 bp product, amplification with CY2C9E7C-R
and external forward primers presenting the C allele,
yielded a 177 bp product.

Genotyping of CYP2C9*2 revealed that 2 per-
sons were homozygous for the defective
CYP2C19%*2 allele, heterozygosity for CYP2C19%2
was found in 17 individuals. For the CYP2C9*3
polymorphism, 10 of 104 individuals carried the
CYP2C9*3 allele (one of them was homozygous, 9
showing heterozygosity).

The allelic frequencies and final genotype dis-
tribution in investigated group of patients are shown
in Table 2. Statistical analysis did not reveal any sig-
nificant statistical differences between observed in
European population and predicted genotype fre-
quencies, however, the study group is too small to
evaluate the frequency of CYP2C9 *2 and * 3 alle-
les in the Polish population. In statistical analysis,
the British frequency of CYP2C9*2 and *3 alleles
was used (14).
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DISCUSSION AND CONCLUSION

CYP2C9 exhibits a genetic polymorphism and
to date more than 35 allelic variants have been
described. The two most common allelic variants
are CYP2C9*%2 and CYP2C9*3 which occur in
approximately 85% of poor metabolizers and their
frequencies are reported to range 10% to 14% and 6
to 7%, respectively, for Caucasian population, but
are relatively rare in Asian and African populations
(15). Both of these polymorphisms lead to reduced
activity of CYP2C9 which can influence on the
therapy with S-warfarin and losartan, the drugs
commonly prescribed for long QT patients.

Warfarin is a natural product and given as
racemic mixture of the R and S stereoisomers of the
drug. S-warfarin is 3-5 times more potent an
inhibitor of the vitamin K epoxide reductase com-
plex, the target of action, than R-warfarin. The
stereoisomers are metabolized by different phase 1
enzymes; the predominant metabolism of the S iso-
mer is via CYP2C9 whereas metabolism of R-war-
farin is mainly via CYP3A4 with involvement of
CYPI1A1, CYP1A2, CYP2CS, CYP2C9, CYP2CI8
and CYP2C19 (16). Both CYP2C9%2 and CYP2C*3
cause a reduction in S-warfarin clearance with 10-
fold variation observed from the genotype with the
highest (CYP2C9*1/*1) to the one with the lowest
(CYP2C9*3/%3) activity (*1/*1 > *1/*2 >*1/*3 >
*2/%2 > *2/%3 > *#3[*3) The effect of CYP2C9*#3/*3
genotype is the most severe one with clearance of S-
warfarin being 10% of the wild type genotype (17).
According to the clinical studies, individuals with
CYP2C9*1/¥2 and *1/*¥3 genotypes require
10-20% and 20-50% lower average maintenance
doses of warfarin, respectively, compared to wild
type individuals. The CYP2C9*2 allele seems to
have less influence on the dose of acenocoumarol or
phenprocoumon compared to warfarin. It is impor-
tant to identify the subjects having both polymor-

Table 2. Number and frequencies of variant alleles of CYP2C9*2 and CYP2C9%*3 in a cohort of long QT patients.

Genotype Number of Observed Frequency in European
individuals frequency (%) population (%)
CYP2C9*1/*1 75 72 80.9
CYP2CO*1/*2 17 16 19.1
CYP2C9*2/*2 2 0.2
CYP2C9*1/*3 9 9 8.5
CYP2C9*3/*3 1 1 0.05
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phisms as poor metabolizers because of them having
the highest susceptibility to severe and life-threaten-
ing episodes when treated with anticoagulants.
Numerous guidelines have been published on the
use of pharmacogenomic test in dosing of S-war-
farin, two algorithms are recommended that both
provide reliable and very similar results (18).

Losartan is a selective angiotensin II receptor
antagonist used in the treatment of hypertension in
long QT patients. After oral administration, approx-
imately 14% of the losartan dose is converted to E-
3174. The E-3174 metabolite is at least 10-fold
more potent than losartan. /n vitro and in vivo stud-
ies have demonstrated that losartan is metabolized
by CYP3A4 and CYP2C9 to E-3174 (19). Oxidation
of losartan was significantly reduced in liver micro-
somes from individuals homozygous for the
CYP2C9*3 allele or homozygous for the
CYP2C9*2 allele compared with CYP2C9*1
(approximately 30- and 4-fold, respectively).
Individuals with slow CYP2C9 metabolism showed
an impaired therapeutic response to losartan, but
still there is no algorithm of pharmacogenomic dos-
ing of this drug (20, 21).

The presented assay allow rapid genotyping of
CYP2C9 alleles and decrease the chance of contam-
ination intrinsic to the generally used two-step pro-
cedures. The method used in the study is very sim-
ple and provides results of genotyping theoretically
within 3 h. To increase the efficiency and facilitate
genotyping, a real-time PCR method with fluoro-
metric melting point analysis of PCR product was
developed. The real-time PCR method produced
100% reliable results as confirmed by sequencing,
however the costs of genotyping with use the
hybridization probe are higher than the costs for
conventional PCR genotyping. Method presented in
this paper is more time-consuming but less expen-
sive than sequencing and real-time PCR assays (22).

Molecular genetic analysis constitutes a deter-
minative tool for the definitive validation of the
right dose of the drug to the right patient.
Genotyping for CYP2C9 allelic variants can be car-
ried out rapidly and at low cost by ASA-PCR based
assays. When genotyping is to be performed in all
patients before starting treatment with losartan or S-
warfarin, drugs often used in some of long QT
patients, it should be adjusted in the high-risk indi-
viduals at the initiation of treatment. This procedure,
together with serum drug concentration monitoring,
will facilitate and accelerate a proper drug dosing,
with a lower risk of intoxications, which contributes
to the individualization and optimalization of phar-
macotherapy patients with long QT syndrome.
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