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Summary

Many of the clinical important drugs are CYP2D6 substrates. Polymorphisms of variants's
CYP2D6 affect enzyme function causing different drug responses. This mutated allele shows a
very high degree of inter individual variability. The frequency of CYP2D6*4 defects is less than
1% in Asian population and up to 10% of Caucasians. The CYP2D6*4/CYP2D6*4 genotype
have a nonfunctional P450 protein product without enzyme activity and concerned as “poor
metabolizer” (PM) phenotype which is failure to use CYP2D6-dependent metabolic pathways
for 30% of drugs. The aim of this study was to estimate frequency of CYP2D6*4 defects in the
Iranian population. The wild-type allele of CYP2D6 and the mutated allele CYP2D6*4 for Three
hundred ninety-one unrelated healthy volunteers were genotyped by polymerase chain reactionrestriction fragment length polymorphism (PCR-RFLP).The frequency of CYP2D6*4 allele,
characterized by loss of BstI site, was observed in 9% of volunteers. The
CYP2D6*4/CYP2D6*4 genotype was observed in only 2.3% of volunteers. According to this
study, the prevalence of allelic variants in the Iranian population is higher than other populations
in Asia.
Keywords: CYP2D6*4 polymorphism, Iranian population, PCR-RFLP

1003

Pharmacologyonline 3: 1003-1007 (2009)

Homaei-Shandiz et al.

Introduction
The CYP2D6 enzyme responsible for the oxidative metabolism of environmental chemicals and
20-25% of many clinically important drugs which are substrates for it, including betaadrenoceptor blockers, antidepressants, neuroleptics, antiarrythmics, antisychotics, selective
serotonin reuptake inhibitors and many of common anti-cancer (1-4). CYP2D6 gene is located
on chromosome 22q13.1. Until now more than 100 variant alleles have been detected. Variation
in CYP2D6 alleles affects enzyme's function associated with different patient's responses to
drug. Function and expression of CYP2D6 enzyme are influenced by genetic polymorphism
which varies widely in inter-individual and interethnic population (1, 2). Mutation in alleles
leads to three clinically distinct phenotypes; poor metabolizer (PM) phenotype is caused by
defect alleles, rapid metabolizers are result of duplicated or multiduplicated, and normal
metabolizers (2, 3).The most common null alleles which include 70 to 90 % of all PMs is Mutant
CYP2D6*4 with transition G1934A that cause premature stop codon with the result of defect
enzyme and produce nonfunctional CYP2D6 protein (nucleotide 3465, Genbank accession No.
M33388). In this phenotype, therapeutic failure has been observed (2, 6). Allele frequencies's
CYP2D6*4 defective is 12–21 % in Caucasians, 1%in Asians, 7% black Africans, 1–4%
Ethiopians and Saudi Arabians (2, 7-10). Since this polymorphism indicates efficacy in the
clinical of drug therapy, we studied the frequency of CYP2D6*4 allele in Iranian population.

Methods
Studied Population: Three hundred ninety-one donor healthy volunteers (120 males (39%)
mean age=35.81 years SD=±9.7 and 191 females (61%) mean age = 38.15 years SD=±12.13)
participated for genotype study. They were referred from blood transfusion center (Mashhad,
Iran). This research project was approved by research ethics broad of Mashhad University of
Medical Sciences.
Molecular analysis: Genomic DNA was extracted by commercially DNA extraction kit
(Biogene, Mashhad, Iran) using salting-out method from 10 ml of whole blood. Genotyping of
CYP2D6*4 was performed by polymerase chain reaction restriction fragment length
polymorphism (PCR-RFLP), applied primer sets were as follows; sense primer 5'GCTTCGCCAACCACTCCG-3'; and antisense 5'-AAATCCTGCTCTTCCGAGGC- 3' (11).
PCR was performed in a T3 Thermocycler (Biometra, Germany). Each 20µl of PCR mixture
contained 100ng of genomic DNA, 0.5 unit of Taq DNA polymerase, 1x PCR reaction buffer
(10mM/L Tris-HCl, 50 mM/L KCl, 1.5 mM/L MgCl2), 0.2 mM each dNTP, 0.5µM each primer
and 1.1 mM MgCl2. The reaction mixture was initially denatured at 95؛C for 3 min, followed by
35 cycles of 95◌ْ C for 1 min, 59ْ C for 1 min, 72ْ C for 2 min and a final extension at72ْ C for 7
minutes. 334 bp amplified were analyzed on 1.5% agar’s gel stained with ethidium bromide
before digestion. One unit of Bst1 restriction enzyme was added to each PCR product (5µl) and
incubated at 37°C for 16 hours. Digested products were analyzed on 2.5% agar’s gel. G to A
transition at position 1934 (G1934 →A) pabolishes the restriction site and a fragment of 334 bp
is observed. Heterozygous individuals (IM) show one normal allele (230, 104 bp) and one
mutated allele of 334 bp and homozygous individuals (PM) show 334 bp band while normal
individuals show only 230 and 104 bp fragments. Heterozygous individuals (IM) show one
normal allele (230, 104 bp) and one mutated allele of 334 bp and homozygous individuals (PM)
show 334 bp band while normal individuals show only 230 and 104 bp fragments (Figure 1).
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Fig. 1. Analysis of the CYP2D6*4(G1934A) polymorphism. Lane 1: DNA size marker (100bp);
Lane2-4: *4/*4 genotype (Poor metabolizer -334 base pairs); Lane 5and 6: wt/*4 genotype
(Intermediate metabolizer -334, 230 and 104 base pairs); Lane 7-9: wt/wt genotype (Extensive
metabolizer -230 and 104 base pairs)
Statistical Analysis: The allele for wild type genotype is referred as “WT” and for mutated
genotype as “*4”. The frequency of WT allele was calculated by introducing the total amount
of the EM genotypes (Extensive Metabolizer) and half of the IM genotypes (Intermediate
Metabolizer), which was divided using total number of individuals, *4 allele frequencies were
calculated as WT allele frequency. SPSS software was used. For calculating chi-sq HardyWeinberg equilibrium test, OEGE (2006) was used (12).

Results
Chi-sq Hardy-Weinberg equilibrium test was calculated for CYP2D6*4 (χ2=8.3, d.f=1, P value
<0.005).Heterozygous individuals express one normal allele (230, 104 bp) and one mutated
allele of 334 bp and homozygous individuals show 334 bp band while normal individuals show
only 230 and 104 bp fragments . 83.9% of volunteers (n=293) had wild-type “WT” allele. 2.3%
of cases (n=7) were carriers of two *4 (mutated) alleles, being homozygous for CYP2D6.
14.19% of subjects (n= 44) were carriers of one *4 allele, being heterozygous for CYP2D6*4.
The frequency of the CYP2D6*4 allele was 9% in group (Table1).

Table 1. genotype and allele CYP2D6*4 frequency in the Iranian population, N ; total number ;
WT ,wild type allele ; MUT, mutant allele ; PM, refer to homozygous muant status; EM, refer to
homozygous normal status; IM, heterozygote.

Genotype Frequency

Allele Frequency

(n=311) N%

(n=622)

PM

EM

IM

WT

MUT

7(2.3)

260(83.9)

44(14.19)

0.91

0.09
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Discussion
CYP2D6 are responsible for the biotransformation of 25-30% important drugs as beta- blockers,
antiarrythmics, opioids, antidepressant, antipsychotic and anticancer agents (1-4). Drug response
and effective treatment are influenced by CYP2D6 polymorphisms (4). Genetic variations at
CYP2D6 are exhibited interethnic and inter-individual differences. More than 90 known allelic
variants and subvariants reported (2, 5 and 13). As a result, three clinical metabolic phenotypes
have been known in individuals: poor metabolizers (PM) bear two nonfunctional CYP2D6
alleles and has nonfunctional CYP2D6 enzyme, extensive metabolizer (EM) phenotype,
intermediate metabolizers (IM) that carry two and one of the functional CYP2D6 alleles have
normal enzyme activity and ultrarapid metabolizers (UM) that carry multiple copies of functional
alleles. These phenotypes happen with varying frequency in different populations (3, 4). Many
variant alleles include CYP2D6*3, *4, and *5 produce nonfunctional enzyme and these variants
most probably concerned as the PM phenotype (2, 9). PM phenotype has been estimated 7 to
10% in European Caucasians and 1% of Chinese, Japanese, and Koreans populations (14-17).
The most common defective variant allele is CYP2D6* 4 in Caucasians (allele frequency ~21%).
But in Chinese, Japanese, Korean, and Filipino have reported its absence or incidence about 1%
(2, 7, 9, 14, and 17). The outcome of *4 mutation is losing of enzyme function and therapeutic
failure, for example in treatment with Tamoxifen (TAM) .Studies have reported beneficial
function of TAM in Brest cancer patients who heterozygous (wt/*4) or homozygous (*4/*4) is
less than other patients having wild-type (wt/wt) genotype. Also the severe and mild toxicities
were observed among patients carrying mutated allele (18, 19). The genotype of CYP2D6 *4 has
not been studied in Persian people. In this study we only determined CYP2D6*4 gene of 311
unrelated subjects in the Iranian population inhabited in the North-East of Iran using PCR-RFLP,
as this polymorphism produces a non functional enzyme that effects on drug therapy. Our results
showed a frequency of 9% CYP2D6*4 allele in the volunteers (Table 1). That is near to
frequency*4 allele (12.5%) in Eastern Azerbaijan of Iran (21).The frequencies of the prevalent
CYP2D6*4 allele was lower than other Caucasian populations (12–21 %) and higher than
Orientals (1%) and African (7%). This finding was close to the ones found in previous studies in
central/South Asia (8.1%) and higher than other populations in which were the East Asia (2.7%)
and Middle East (6.8%) (9, 14-17). The major racial groups in Iran are Persians (51%), Azeris
(24%), Gilaki and Mazandarani (8%), Kurds (7%), Arabs (3%), Baluchi (2%), Lurs (2%),
Turkmens (2%), and others (1%) (20). Most of the people in the North-East of Iran are Persian;
who participated in this study (20). This study presents the results of CYP2D6*4 mutant allele
distributions in Iran and provides a therapeutic approaches.

Acknowledgment
The authors would like to thank Research Affairs of Mashhad University of Medical Sciences for
financial support of this work. We also thank Dr. Hushang Rafatpanah and Miss Moheghi and
Mr Afshar and all of the ventures were participated in this study.

References
1.http://www.genecards.org/.
2.Zanger UM, Raimundo S, Eichelbaum M. Cytochrome P450 2D6: overview and update on
pharmacology, genetics, biochemistry. Naunyn Schmiedebergs Arch Pharmacol. 2004 Jan;369(1):23-37.

1006

Pharmacologyonline 3: 1003-1007 (2009)

Homaei-Shandiz et al.

3.Linder MW, Prough RA, Valdes R, Jr. Pharmacogenetics: a laboratory tool for optimizing therapeutic
efficiency. Clin Chem. 1997 Feb;43(2):254-66.
4.Gardiner SJ, Begg EJ. Pharmacogenetics, drug-metabolizing enzymes, and clinical practice. Pharmacol
Rev. 2006 Sep;58(3):521-90.
5.http://www.imm.ki.se/CYPalleles/cyp2d6.htm.
6.Hanioka N, Kimura S, Meyer UA, Gonzalez FJ. The human CYP2D locus associated with a common
genetic defect in drug oxidation: a G1934----A base change in intron 3 of a mutant CYP2D6 allele results
in an aberrant 3' splice recognition site. Am J Hum Genet. 1990 Dec;47(6):994-1001.
7.Ingelman-Sundberg M. Genetic polymorphisms of cytochrome P450 2D6 (CYP2D6): clinical
consequences, evolutionary aspects and functional diversity. Pharmacogenomics J. 2005;5(1):6-13.
8.Ingelman-Sundberg M, Oscarson M, McLellan RA. Polymorphic human cytochrome P450 enzymes: an
opportunity for individualized drug treatment. Trends Pharmacol Sci. 1999 Aug;20(8):342-9.
9.Sachse C, Brockmoller J, Bauer S, Roots I. Cytochrome P450 2D6 variants in a Caucasian population:
allele frequencies and phenotypic consequences. Am J Hum Genet. 1997 Feb;60(2):284-95.
10.Sistonen J, Sajantila A, Lao O, Corander J, Barbujani G, Fuselli S. CYP2D6 worldwide genetic
variation shows high frequency of altered activity variants and no continental structure. Pharmacogenet
Genomics. 2007 Feb; 17(2):93-101.
11.Kagita S, Satti V, Damineni S, Dunna NR, Digumarthi R. Association of CYP2D6*4 Polymorphism
with Chronic Myeloid Leukemia Journal of Medical Sciences Research. 2007; 1:43-6.
12.http://www.oege.org/.
13.Burroughs VJ, Maxey RW, Levy RA. Racial and ethnic differences in response to medicines: towards
individualized pharmaceutical treatment. J Natl Med Assoc. 2002 Oct;94(10 Suppl):1-26.
14.Alvan G, Bechtel P, Iselius L, Gundert-Remy U. Hydroxylation polymorphisms of debrisoquine and
mephenytoin in European populations. Eur J Clin Pharmacol. 1990;39(6):533-7.
15.Bradford LD. CYP2D6 allele frequency in European Caucasians, Asians, Africans and their
descendants. Pharmacogenomics. 2002 Mar;3(2):229-43.
16.Bertilsson L, Dahl ML, Dalen P, Al-Shurbaji A. Molecular genetics of CYP2D6: clinical relevance
with focus on psychotropic drugs. Br J Clin Pharmacol. 2002 Feb;53(2):111-22.
17.Ling Ji, Shixiu P, Jacqueline M-J, Edgar Hn, artin H, entsch K. Single-Step Assays to Analyze
CYP2D6 Gene Polymorphisms in Asians: Allele Frequencies and a Novel *14B Allele in Mainland
Chinese. Clinical Chemistry. 2002;48(7):983-8.
18.Ramon YCT, Altes A, Pare L, Del Rio E, Alonso C, Barnadas A, et al. Impact of CYP2D6
polymorphisms in tamoxifen adjuvant breast cancer treatment. Breast Cancer Res Treat. 2009 Feb 3.
19.Punglia RS, Burstein HJ, Winer EP, Weeks JC. Pharmacogenomic variation of CYP2D6 and the
choice of optimal adjuvant endocrine therapy for postmenopausal breast cancer: a modeling analysis. J
Natl Cancer Inst. 2008 May 7;100(9):642-8.
20.http://en.wikipedia.org/wiki/CIA_World_Factbook.
21.Kouhi H, Hamzeiy H, Barar J, Asadi M, Omidi Y. Frequency of Five Important CYP2D6 Alleles
Within an Iranian Population (Eastern Azerbaijan). Genetic Testing and Molecular Biomarkers. 2009
October 13(5): 665-670.

1007

