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ABSTRACT

Aim: The aims of this study were to genotype CYP2C8 in an Iranian population and
compare their allelic frequencies with other ethnic groups.
Study Site and Duration: Biotechnology Department, School of Pharmacy, Zanjan
University of Medical Sciences, Zanjan, Iran from June 2012 through May 2013.
Methodology: CYP2C8 (*1/*2/*3) allelic variants were determined in 200 unrelated
healthy Iranian volunteers by real time-polymerase chain reaction (PCR).
Results: A total 156 subjects (78%) were homozygous for CYP2C8*1, six subjects (3%)
were homozygous for CYP2C8*2 and 38 subjects (19%) were heterozygous
CYP2C8*1/*2. CYP2C8*3 was not detected.
Discussion and Conclusion: Genotyping indicated no significant (P>0.05) difference
between CYP2C8 allelic variant frequencies in an Iranian compared with Burkina Faso
population. The Iranian population’s CYP2C8 allelic variation was significantly (P<0.05)
different when compared with populations in Portugal, African-American race to
Malaysia, Ghana, Zanzibar, Spain, Czech Republic and Sweden.
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1. INTRODUCTION

Cytochrome P450s (CYPs) are a group of microsomal heme-thiolate monooxygenases that
are involved in an NADPH-dependent electron transport pathway. CYPs also oxidize a
variety of structurally unrelated compounds including steroids, fatty acids, and xenobiotics.
CYPs also said the metabolism and elimination of a wide range of medications as well as
other xenobiotics. CYPs mediate the biotransformation of lipophilic compounds into polar
metabolites that are eliminated by urinary or biliary excretion [1]. The human hepatic CYP
system consists of over 30 related isoenzymes. Genetic polymorphisms in the CYP2C8
isoform cause variability in drug response. Specifically, genetic variation in a gene encoding
a drug-metabolizing enzyme leads to high, low, or no enzyme activity [2]. Therefore,
populations are divided into poor metabolizer (PM), intermediate metabolizer (IM), extensive
metabolizer (EM) and ultra-rapid metabolizer (UM) phenotypes [3-4].

The human CYP2C subfamily consists of four known isoforms (2C8, 2C9, 2C18 and 2C19)
that have closely linked genic loci located on chromosome 10 [5]. CYP2C enzymes account
for ~20% of all microsomal drug metabolizing CYPs [6-7]. CYP2C8 is the principal enzyme
that metabolizes the anti-cancer drug paclitaxel (taxol), the antimalarial drug amodiaquine,
the hypoglycaemic drug troglitazone, amiodarone, verapamil, and ibuprofen. CYP2C8 also
metabolizes fluvastatin, amitriptyline, perphenazine, diclofenac, gallopamil, omeprazole, and
carbamazepine [8-9]. At least 16 different CYP2C8 alleles have been reported [10]. Four
nonsynonymous variant alleles designated as CYP2C8*2-*5 (wild-type, CYP2C8*1)
decrease enzymatic activity [11].

CYP2C8*2 is widespread [13] with an allele frequency of 0.18 in African-American
populations, whereas CYP2C8*3 and CYP2C8*4 (allele frequencies of 0.13 and 0.075,
respectively) are found primarily in Caucasian populations [12]. This allele occurs at different
frequencies in West and East African populations [13]. Similar to Caucasians, the CYP2C8*2
is virtually absent in other non-African populations [11]. CYP2C8*3, an allele with the PM
phenotype is absent or found at very low frequencies in Africans [11].

There are significant ethnic differences in the distribution of CYP2C8 alleles [15-16]. Nearly
10%–20% of Caucasians carry the CYP2C8*3 variant, whereas this allele is rare in African
Americans [14]. Patients homozygous for CYP2C8*2 or CYP2C8*3 have lower intrinsic
clearance of CYP2C8 substrates than CYP2C8*1/*2 or CYP2C8*1/*3 heterozygote’s [13,17-
18]. CYP2C8*2 results from a single base pair trans version (805A>T) that creates an
aberrant splice site resulting in an enzyme with low activity. CYP2C8*3 results from a
transition (416G>A) and creates a weak enzyme and PM phenotype [11,19].

The two main CYP2C8 (*2 and *3) variants identified in previously genotyped populations
were determined in 200 unrelated healthy Iranian volunteers by real time-PCR. Real time-
PCR was used because it is highly sensitive, specific and capable of measuring low copy
number DNA samples. This study is done for the first time in Iranian population and the
result can be doted to Iranian population.
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2. MATERIALS AND METHODS

2.1 Sample Collection

The blood samples were taken from two hundred unrelated healthy Iranian volunteers, 92
(46%) males and 108 (54%) females, aged between 19-57 years, mean age 28.72 from
different Provinces of Iran between 2011 to 2012 years. The ethnicity of voluntaries was as
follow: Persians (Tehran and Fars), Kurds (Kermanshah and Kurdistan), Gilakis (Gilan),
Turks (Zanjan and Azerbaijan), Tats (Qazvin) and Lurs (Lorestan) Fig. 1. The study was
done at Zanjan University of Medical Sciences, Zanjan, Iran during June, 2012 to May, 2013.
The study protocol was approved by the ethics committee of the Zanjan University of
Medical Sciences and written informed consent to participate in the study was obtained from
the volunteers.

Five ml of venous blood was obtained from each subject. DNA was manually extracted from
peripheral blood leukocytes by salting-out method [20]. Blood cell lyses buffer containing
SDS (Sodium Dodecyl Sulfate), proteinase K, and sodium chloride (NaCl) was used for DNA
extraction. DNA samples were concentrated by Ethanol (70%), recovered by centrifugation
and re-suspended in TE buffer (Tris-HCl EDTA pH=8.8). Concentration and purity of the
DNA was determined spectrophotometrically (BioPhotometer plus, Eppendorf, Germany) by
reading absorbance at 260 and 280 (A260 and A280). DNA samples were stored at 4ºC.

Fig. 1. Map of Iran on which the residence of volunteers () were indicated
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2.2 Genotyping of the CYP2C8 Variant Alleles

TaqMan® conventional probes and primers were designed by Primer Express® Software
v3.0.1 (Applied Biosystems, USA) and synthesized by Bioneer Company (South Korea).
Dual-labeled, TaqMan® probes labeled with both a fluorophore and a quencher dye are
used in real-time PCR assays to detect amplification of specific SNP targets. The
fluorophore FAM (6-carboxyfluorescein) was used at 5' end of wild type probes and HEX
(hexachloro-6-carboxyfluorescein) for variant one. The fluorophore TAMRA
(tetramethylrhodamine) was used as quencher dye at 3' end of both wild type and variant
probes. Allelic discrimination was performed using TaqMan® SNP Genotyping Assays on
the Rotor-Gene 6000 (Corbett, Australia).

Real-time PCR was performed in a 20 μL reaction mixtures containing 10 μL qPCR prob
Master Mix (Jena Bioscience, Germany), 20 nM of each probe (wild type and variant allele),
10 pM of each specific forward and reverse primers and 5 ng of extracted DNA. These
concentrations were applied for two allelic variants. The amplification condition was as
follows: First, initial heat activation at 95ºC for 10 min, followed by 45 cycles of 95ºC for 10s
and 60ºC for 1 min. For allelic variants genotyping quality control, 5% of samples were
genotyped in duplicate and confirmed by sequencing (Bioneer, South Korea). The nucleotide
sequence of all PCR primers and probes are listed in Table 1.

Differences in allele frequency between different populations were determined using chi
square test. Deviations from Hardy Weinberg Equilibrium were also assessed using a chi
square test. All analyses were performed using SPSS 16.0 for windows.

Table 1. The nucleotide sequence of all PCR primers and probes for CYP2C8*2 and
CYP2C8*3 detection

Allele Oligo
Name

Sequence (5'-3') Tm %GC Amplicon
(bp)

Size (bp)
CYP2C8*2 Forward

Primer
GGATGTTAACAATCCTCGGGAC 58.3 50

110
Reverse
Primer

ATGAATCACAAAATGGACAAGAAATC 58.4 31

Probe
(Wild type)

FAM-
ATCGATTGCTTCCTGATCAAAATGGAG-
TAMRA

65.1 41

Probe
(Variant)

HEX-
TCGATTGCTTCCTGTTCAAAATGGAG-
TAMRA

65.1 42

CYP2C8*3 Forward
Primer

CAATGGAAAGAGATGGAAGGAGAT 58.6 42 110

Reverse
Primer

GGCAGTGAGCTTCCTCTTGAA 58.3 52

Probe
(Wild type)

FAM-CGGTCCTCAATGCTCCTCTTCCC-
TAMRA

66.0 61

Probe
(Variant)

HEX-
TCCTCAATGCTCTTCTTCCCCATCC-
TAMRA

66.3 52
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3. RESULTS

Iranian CYP2C8 allelic variation and genotypic frequencies are summarized in Table 2.
CYP2C8*1, CYP2C8*2 and CYP2C8*3 allele frequencies were 82%, 18%, and 0%
respectively. There were 156 subjects (78%) with the CYP2C8*1/*1 genotype (wild-type), 38
subjects (19%) with the CYP2C8*1/*2 genotype, and six subjects (3%) with the
CYP2C8*2/*2 genotype. No significant (P>0.05) difference in allele frequencies between
males and females was detected. CYP2C8 allele frequencies were consistent with Hardy
Weinberg equilibrium (P value≥0.05) among the studied population (χ2 = 6.9093, P = 0.2).

Table 2. Allele and Genotype frequencies of CYP2C8 among Iranian volunteers

Alleles/Genotype Number Frequency
CYP2C8*1 164 0.82
CYP2C8*2 36 0.18
CYP2C8*3 0 0
*1/*1 156 0.78
*1/*2 38 0.19
*2/*2 6 0.03
*1/*3 0 0
*3/*3 0 0
*2/*3 0 0

4. DISCUSSION

Advances in medical and human genetics have enabled a more detailed understanding of
genetics in disease. Furthermore, large collaborative research projects (such as, the human
genome project) have established a foundation for understanding gene function with respect
to human development and physiology, revealed single nucleotide polymorphisms (SNPs)
that underlie inter-individual genetic variability, and made genome-wide association studies
(GWAS) that are used to examine genetic variation and risk for many common diseases
possible [21].

The discovery of functional variability between drug metabolizing enzymes has significantly
contributed to understanding inter-individual variability in dose -concentration and -response
relationships. Polymorphism of CYP2C8 has to date been less well characterized than other
CYP families. CYP2C8*3 allele was not detected in our population. Our results
demonstrated that the CYP2C8*2 allele is widespread in Iran and suggest that some
Iranians may have decreased CYP2C8 activity and a PM phenotype. We also identified
similarities (P>0.05) between CYP2C8 allelic variation and genotypic distribution patterns in
Iranians and Burkina Faso populations [22] Table 3. The Iranian population’s CYP2C8
allelic variation was significantly (P<0.05) different when compared with populations in
Portugal, African-American race to Malaysia, Ghana, Zanzibar, Spain, Czech Republic,
Sweden Table 3.



British Journal of Medicine & Medical Research, 4(10): 2081-2088, 2014

2086

Table 3. Distribution of CYP2C8 variant alleles among different ethnic groups

Population Study Allele frequency P value
CYP2C8 *2 CYP2C8 *3

Iran Present study 0.18 0
Portuguese* [23] 0.012 0.198 <0.0001
African-American* [11] 0.18 0.02 <0.0001
Ghana* [24] 0.17 0 0.0004
Zanzibar* [25]

[22]
0.14 0.02 0.0006

Burkina Faso 0.115 0.004 0.1601
Sweden* [28] NS 0.095 <0.0001
Spain* [26] NS 0.17 <0.0001
Czech Republic* [27] 0.003 0.109 <0.0001

*: shows significant difference from our population

5. CONCLUSION

We identified significant differences in CYP2C8 allelic variation between Iranian populations
and other ethnic groups. Future work will include identifying clinical challenges these
variants may pose by evaluating the functional roles of CYP2C8 polymorphisms.
Specifically, the clinical and toxicological significance of altered CYP2C8 expression and
activity caused by genetic, epigenetic, and environmental factors requires further
investigation.
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