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Abstract

Cytochrome P450 (CYP) 2C8 and 2C9 are polymorphic enzymes. The CYP2C8*3 and CYP2C9*2 are the major variant alleles in

Caucasian populations. The enzymes encoded by these variant alleles have impaired function for the metabolism of several drug

substrates. In the present study 1468 subjects that were used as population-based controls in the Stockholm Heart Epidemiology

Program (SHEEP) were genotyped by allelic discrimination using a 5�-nuclease assay for CYP2C8*1, 2C8*3, 2C9*1, 2C9*2, and

2C9*3 variant alleles in which the frequencies appeared to be 0.91, 0.095, 0.83, 0.11, and 0.066, respectively. Approximately, 96% of

the subjects with CYP2C8*3 allele also carried a CYP2C9*2 and 85% of the subjects that had CYP2C9*2 variant also carried a

CYP2C8*3. The number of subjects carrying both of the CYP2C8*1*3 and CYP2C9*1*2 was 4.5-fold higher than expected. This

strong association may be of importance especially for the metabolism of common substrates of CYP2C8 and CYP2C9 like ara-

chidonic acid that produces physiologically active metabolites.

� 2002 Elsevier Science (USA). All rights reserved.

Keywords: CYP2C8; CYP2C9; Genetic linkage; Polymorphism

Human cytochrome P450 enzymes belonging to the
CYP2C subfamily are responsible for the metabolism of

about 20% of clinically used drugs, as well as some en-

dogenous substances such as arachidonic acid. Genetic

polymorphisms have been identified for all members of

this subfamily, i.e., CYP2C8, CYP2C9, CYP2C18, and

CYP2C19 [1].

Among the six reported variants of CYP2C9 (*1–*6)

the major variant allele CYP2C9*2 was found in 11–
13% of Caucasians, 1–4% of Africans, and 0% of Ori-

entals [1]. The CYP2C9*2 and CYP2C9*3 variants have

been associated with impaired metabolism of many

specific drug substrates like S-warfarin, phenytoin, lo-

sartan, and several non-steroidal anti-inflammatory

drugs [2–4]. The CYP2C9 polymorphism has clinical

implications for several important drugs with a narrow

therapeutic window, such as S-warfarin, phenytoin,
glipizide, and glibenclamide [1,5,6], where patients with

a slow metabolism are at increased risk of adverse drug

reactions.

Three different allelic variants of CYP2C8 were re-

cently reported [7]. The CYP2C8*3 variant, with an

allele frequency of 13% in Caucasians and 2% in Afro-

Americans, was associated with markedly defective

metabolism of paclitaxel and arachidonic acid, corres-
ponding to only 15% and 35% of the CYP2C8*1 activ-

ity, respectively [7]. We here report that the CYP2C8*3

allelic variant appears to be linked to the CYP2C9*2

allele.

Materials and methods

DNA samples from 1468 subjects (974 male and 494 female) were

included in this study. This material constitutes the control group of

participants in the Stockholm Heart Epidemiology Program (SHEEP),
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a population based case-control study aimed to investigate the effects

of different risk factors for myocardial infarction in men and women.

More detailed demographic characteristics of these control subjects

(i.e., without myocardial infarction) were reported elsewhere [8,9]. The

subjects were aged 45–70 and were selected from the Stockholm

County population registry. All subjects were of Swedish descent. The

DNA samples were prepared using the RapidPrep Macro Genomic

DNA isolation kit (Pharmacia biotech, Sweden). The samples were

genotyped to identify the CYP2C8*1, CYP2C8*3, CYP2C9*1,

CYP2C9*2, and CYP2C9*3 variants by allele discrimination using a

5�-nuclease assay [10]. The primers (CyberGene AB, Novum Research

Park, Stockholm, Sweden) and specific MGB-TaqMan probes (Ap-

plied Biosystems, Cheshire, UK) are shown in Table 1. The reaction

contained 450 nM of forward and reverse primers and 50 nM of each

probe using standard Taqman reagents (Applied Biosystems, New

Jersey, USA) in a volume of 10 ll. For the discrimination of

CYP2C9*1 and CYP2C9*2, pre-developed TaqMan assay reagents

(PE Biosystems, Warrington, UK) were used at the concentrations

recommended by the manufacturer in a total volume of 10 ll. After

10min of denaturation at 95 �C, the samples were subjected to 40 cy-

cles including 95 �C for 15 s followed by 60 �C for 60 s. Six DNA

samples with different genotypes of CYP2C8 and CYP2C9 were se-

quenced by using an ABI Prism BigDye terminator kit (Applied Bio-

systems, Foster City, CA) on an ABI Prism 377 DNA sequencer in

order to confirm the identity of the CYP2C8- or CYP2C9-specific

amplification.

Results and discussion

The allele frequencies of CYP2C8*1, *3, CYP2C9*1,

*2, and *3 variants in the study population (n ¼ 1468)

were 0.91, 0.095, 0.83, 0.11, and 0.066, respectively. This

is in agreement with previously reported frequencies in

Swedish subjects and other Caucasian populations [11].

The frequencies of the corresponding genotypes are gi-

ven in Table 2. These frequencies were used to calculate

expected number of subjects with different CYP2C8/
CYP2C9 genotypes (Table 2, within parentheses). Im-

portantly, there was a clear discrepancy between ob-

served and expected number of subjects with different

genotypes. For example, the expected number of sub-

jects with the most rare CYP2C8*3*3/CYP2C9*2*2

genotype was less than one, but in fact 10 such subjects

Table 1

The primers and specific (bold capital letters) MGB-TaqMan probes

for the discrimination of the *1 (labelled with VIC and a Dark

quencher) and *3 (labelled with FAM and a Dark quencher) alleles

CYP2C8*1 and *3 CYP2C9*1 and *3

Forward primer atgtccactacttctcctcact

tctg

caggaagagattgaacgt

gtgatt

Reverse primer aaagtggccagggtcaaaga ctatgaatttggggacttc

gaaa

Probe for

discrimination of *1

atgatgacaAagaattt agagatacAttgaccttc

Probe for

discrimination of *3

tgatgacaGagaattt agatacCttgaccttct

The discrimination of CYP2C9*1 and CYP2C9*2 was performed

with pre-developed TaqMan assay reagents (PE Biosystems, War-

rington, UK).
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were found in the study population (Table 2). Moreover,

the number of subjects heterozygous in both genes

(CYP2C8*1*3 and CYP2C9*1*2) was approximately

4.5-fold higher than expected. As much as 96% of the

subjects carrying a CYP2C8*3 allele also carried a
CYP2C9*2 allele, and approximately 85% of subjects

carrying a CYP2C9*2 allele also carried a CYP2C8*3

allele. This indicates a strong, but not complete, linkage

between these two allelic variants.

Unpublished data from genotyping of Swedish sub-

jects in previous studies [11] showed no association be-

tween CYP2C19*2, *3 alleles and CYP2C9*2, *3

variants. The samples in the present study were not
analysed for the CYP2C9*4, CYP2C9*5, CYP2C9*6,

and CYP2C8*2 alleles because these variants have not

been detected in Caucasians previously [12–14].

This is the first report showing a SNP linkage be-

tween the CYP2C8 and CYP2C9 genes. The CYP2C

subfamily members are located on the 10th chromosome

as a cluster that spans approximately 400 kb on the

proximal part of 10q24 (Fig. 1). The CYP2C8*3 in-
cludes two SNPs in exon 3 (G416A) and exon 8

(A1996G); coding for Arg139Lys and Lys399Arg, re-

spectively. The CYP2C9*2 includes a SNP in exon 3

(C416T) coding for Arg144Cys. The close distance be-

tween the localisation of these two genes favours a

possible genetic linkage. A similar linkage has recently

been reported between the CYP2C18 and CYP2C19

mutations [15,16].
This association may be potentially important espe-

cially for substrates that are common to these two en-

zymes such as arachidonic acid [7,17]. Studies on the

physiological and pathological importance of this linkage

in the synthesis of endogenous arachidonic acid metab-

olites like endothelium-derived hyperpolarising factor are

warranted. Finally, it is tempting to speculate that for

some substrates that are metabolised by both CYP2C8
and CYP2C9, an impaired clearance in vivo previously

exclusively attributed to the CYP2C9*2 variant could in

part be explained by slow metabolism of the same sub-

strate by the associated CYP2C8*3 variant.
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