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ABSTRACT ~ Pharmacogenetics is interested in the variable response to drugs depending 
on the genetic constitution of an individual. Depending on the genetic variation in 
individuals known as polymorphism; leads to differences in the types of proteins, enzymes 
or receptors that play a role in the elimination of drugs. Investigation of the correlation 
between the genotype with phenotype changes in drug metabolism is among the most 
important topics of today. CYP2D6 gene polymorphisms show clinical eff iciency in the use 
of especially antidepressants, neuroleptics, antiarrhythmic, antihypertensive, beta blocker, 
and morphine derivatives. Poor metabolizers have been shown to demonstrate adverse 
drug reactions to these drugs. The plasma concentrations tend to increase inducing side 
effects after using a standard dose in poor metabolizers. The ratio of poor metabolizers in 
Caucasians is 5–10%, whereas 3.4–3.8% of the Turkish population. The allele frequen-
cies of CYP2D6 *2, *3, *4 and *10 were found in 35%, 6%, 10% and 26% respectively 
in 200 healthy controls. The ratio of poor metabolizers in our population revealed as 1%. 
Genotyping of CYP2D6 is very important for determining a better genotype-phenotype 
relation. Psychopharmacology Bulletin. 2016;46(1):67–72.

IntroductIon

Genetic variation in drug metabolism has been evaluated to understand the 
predictors of response and toxicity of drugs are known as Pharmacogenomics. 
There are differences have been observed in the responses to the same drug at 
the same amounts between similar individuals. The reason is due to the genotypes 
between different people.1

The CYP2D6 gene has been localized to 22q13.1 with the CYP2D7 and 
CYP2D8 pseudogenes.2 The alleles of CYP2D6 gene have been associated with 
normal, reduced, increased enzyme activity with and non-functional activity.3 The 
most common CYP2D6 alleles seen in Caucasians are reported to be *2, *3, *4, 
*5, *6, *10 and *41. The *2 and *17 are common in Africans whereas *10 and *36 
alleles are frequently seen in Asians.2
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CYP2D6 allele distribution based on ethnic characteristics vary and 
some drugs used in together (such as CYP2D6 inhibitors) may affect 
the activity of the enzyme.4 CYP2D6 gene polymorphisms lead to 
variation in the clinical effects of the therapeutic use of antidepressants, 
neuroleptic, antihypertensive, antiarrhythmic, beta blockers and mor-
phine derivatives. An increase in the concentration of such drugs in the 
plasma and side effects have been reported in poor metabolizers after 
usage of the standard dose.5

The ratio of poor metabolizers has been reported as 5–10% in 
Caucasians and 3.4–3.8% of the Turkish population.2,5 The poor 
metabolizer (PM) alleles in both in Caucasians and Africans are *3, *4, 
*5, *6 and *10.6

 According to the studies with CYP2D6 in the Turkish population; 
the allele frequencies for CYP2D6*1, *2, *4, *5, *10 and *17 have been 
reported to be 37%, 35%, 11%, 1%, 6% and 1%, respectively. The poor 
metabolizer (PM) rate in Turkey has been reported as 1.49%.7 The 
allele frequency of CYP2D6*3 has been reported to be 25%, whereas 
the allele frequency of CYP2D6*4 has been reported as 13.4–21% in the 
Turkish population.8,9 Besides the allele frequencies of CYP2D6*5 and 
*6 reported as 1.49% and 0.5%, respectively, are less frequent compared 
to *3 and *4 alleles.9, 10

In this study, we genotyped the *2, *3, *4 and *10 alleles of CYP2D6 
gene in 200 healthy people in order to determine the frequency of these 
alleles with PM in the Turkish population.

MaterIal and Methods

Subjects

In this study, 200 healthy controls (100 male, 100 female) were included. 
This study had been accepted by the Local, Ethical Committee of Gazi 
University Faculty of Medicine with a number of 220 on June 13, 2012.

Molecular Genetics Studies

Five ml of blood samples was taken from all of the participants. DNA 
isolation was performed by the high salt concentration method. PCR-
RFLP technique was used for the polymorphism analyses.

Regarding CYP2D6*2 polymorphism 5′-CTGACAGGT 
 GCAGAATTGGAG-3′ and 5′-CATCCCGGCAGAGAACAG-3′ 
primers; for CYP2D6*3 polymorphism 5′-GGATGAGCTGCTA 
 ACTGAGCTC -3′ and 5′-GCCTCCCCTCATTCCTCCT-3′ primers; 
for CYP2D6*4 polymorphism 5′-GTGGGTGATGGGCAGAAG-3′ 
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and 5′-GAGGGAGGCGATCACGTT primers and finally for 
CYP2D6*10 polymorphism, CAACGCTGGGCTGCACGgT-3′ and 
5′-GGCCCTTGCCCTACTCTTCCTTGG-3′ primers were used 
for PCR.

In order to genotype the amplified PCR products, restriction enzymes 
FspI, Bpu10I, BstNI and Acc65I were used for detecting CYP2D6*2, 
*3, *4 and *10 polymorphisms.

Statistical Analysis

The categorical variables regarding the genotypes of CYP2D6*2, *3, *4 
and *10 alleles were examined with Pearson's chi-square test. A p value 
lower than 0.05 was considered to be statistically significant.

results

The allele frequency revealed 35% (female = 34%, male 36%) 
regarding CYP2D6*2 (rs16947) allele. The *2/*2 genotype was found 
at 10.5%. No statistical significance was found between the female and 
male controls (p = 0.905).

The allele frequency of CYP2D6*3 allele (rs35742686), revealed 6% 
(female = 3%, male = 9%). There was a statistical significance between 
wild type and heterozygous genotypes (p = 0.035), also we found core-
lation between wild type genotypes with respect to heterozygous plus 
mutant genotypes (p = 0.0238) (Table 1). Only one control revealed to 
have a *3/*3 genotype.

The allele frequency revealed 1% (female = male = 1%) for the 
CYP2D6*4 allele (rs3892097). We did not find *4/*4 genotype and 
also, no statistical significance was found (p = 0.858).

Finally, the allele frequency revealed 26% (female = 27.5%, 
male = 25%) for CYP2D6*10 allele (rs1065852). No statistical signifi-
cance was found (p = 0.07) and six controls revealed *10/*10 genotype.

TABLE 1

The Allele Frequency of CYP2D6*3 (rs35742686) Allele in Female 
And Male Controls

CONTROLS WILD HETEROZYGOUS MUTANT P
Female (100) 94 6 0 0.035*
Male (100) 84 15 1 0.0238**
Total (100) 178 21 1

Notes: *A p value regarding wild types with respect to heterozygous genotypes. **A p value regarding 
wild types with respect to heterozygous plus mutant genotypes.
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dIscussIon

The cytochrome P450 is known to be involved in the metabolism 
of up to 25% of the drugs that are in common use in the clinic.11 The 
use of standard doses of antidepressants, neuroleptic, antihyperten-
sive, antiarrhythmic, beta blockers and morphine derivates, causes an 
increase in the plasma concentrations of these drugs with side effects 
in poor metabolizers (PM).2,5,12 The PM phenotype is more common 
in Caucasians than Asians, so this will cause more risk regarding the 
adverse drug reactions.2

CYP2D6*2 allele has been reported to have reduced function when 
compared with CYP2D6*1.13 The CYP2D6*2 allele has also been 
reported to be the most common allele after *1 allele.14 The allele 
frequency of *2 alleles has been studied in different populations and 
revealed 10% in Korean; 14.6% in Japan; 32.4% in German; and 5–28% 
in Mexican populations.15–17 In this study, we found the *2 allele fre-
quency as 35% that is compatible with the previous studies.7

The CYP2D6*3 allele has been reported to be a non-functional 
allele.18 CYP2D6*3 has been reported to be one of the several CYP2D6 
haplotypes that can contribute to the phenotypic observation of a 
PM.19 The allele frequency of *3 alleles has also been studied in differ-
ent populations, revealing a 0 % in African, Chinese, Japan and Mexican 
populations; and 1.5–2% in German populations.15,17,20,21 Two studies 
in Turkish population revealed 1% and 2.5% for this allele.8,22 Our 
finding was 6% for *3 alleles.

CYP2D6*4 has also been reported to be a non-functional haplotype 
contributing to the majority of PMs seen in Caucasian populations.23 
The allele frequency of *4 alleles has been reported in different popula-
tions, including; 0% in African, Chinese, Japan and Mexican popula-
tions; and 0.6% in Japan, 17.5–20.7% in German populations.15,16,20,21,24 
This study revealed 10% for this allele that was compatible with two 
other Turkish population studies revealing 10% and 11% for this allele, 
respectively.7, 22

CYP2D6*10 has been reported to be a reduced function haplotype 
of CYP2D6.25 The *10/*10 genotypes are reported to be common, and 
resulting in the intermediate phenotype.26 Finally, the allele frequency 
of *10 allele has been studied in different populations resulting 0% 
in Mexican; 1.5% in Japan; 6% in African; 43% in Japan; and 47–70 
in Chinese populations.3,15,17,20 Our findings for *10 alleles revealed 
26% that were high from other Turkish studies indicating between 
6–14.5%.7,22

The reason for the unavailability of routine CYP2D6 genotyping in 
clinical evaluation depends on finding many mutant alleles and having 
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no definite genotype-phenotype correlation.15 Three major mutant 
alleles, are termed as CYP2D6*3, *4 and *5 associated with the PM 
phenotype in Caucasians.27 In this study, we established one patient 
for *3/3 genotypes and one for *3/4 genotype revealing a 1% for PM in 
our population. Our results are also compatible with previous Turkish 
studies revealing 0.95%, 1.49% and, 3.4–3.8%.2,5,7,28

conclusIon

CYP2D6 gene polymorphisms result in adverse drug reactions, 
including antidepressants, neuroleptic, antiarrhythmic, antihyperten-
sive, beta blockers and morphine derivatives. For this reason, it is impor-
tant to know the genotypes. The ratio of PM in Caucasians is reported 
to be 5–10%, whereas in Turkish population this is between 3.4–10%. 
However, our results 1% for PM.5,7,29

Genetic polymorphism differs between populations as well as indi-
viduals. Therefore, it is important to determine the genotypes of them. 
In this study the frequency of the CYP2D6 alleles revealed 35% for *2 
alleles; 6% for *3 alleles; 10% for *4 alleles and 26% for *10 allele. This 
study both enabled us to learn the allele frequencies of CYP2D6 gene 
with the ratio of poor metabolizers in the Turkish population in order 
to establish a better genotype-phenotype relation. D

references

 1. Peppercorn J, Hamilton E, Marcom PK, Beskow L, Lyman GH. Pharmacogenetic testing in 
the face of unclear clinical efficacy: lessons from cytochrome P450 2D6 for tamoxifen. Cancer. 
2013;119(20):3703–3709.

 2. Teh LK, Bertilsson L. Pharmacogenomics of CYP2D6: molecular genetics, interethnic differences and 
clinical importance. Drug Metab Pharmacokinet. 2012;27(1):55–67.

 3. Ingelman-Sundberg M. Genetic polymorphisms of cytochrome P450 2D6 (CYP2D6): Clinical con-
sequences, evolutionary aspects and functional diversity. Pharmacogenomics J. 2005;5(1):6–13.

 4. Meyer UA. Pharmacogenetics and adverse drug reactions. Lancet. 2000;356(9242):1667–1671.
 5. Abraham BK, Adithan C. Genetic polymorphism of CYP2D6. Indian Journal of Pharmacology. 

2001;33:147–169.
 6. Fleeman N, Dundar Y, Dickson R, Jorgensen A, Pushpakom S, McLeod C, Pirmohamed M, Walley T. 

Cytochrome P450 testing for prescribing antipsychotics in adults with schizophrenia: systematic review 
and meta-analyses. Pharmacogenomics J. 2011;11(1):1–14.

 7. Aynacioglu AS, Sachse C, Bozkurt A, Kortunay S, Nacak M, Schröder T, Kayaalp SO, Roots I, 
Brockmöller J. Low frequency of defective alleles of cytochrome P450 enzymes 2C19 and 2D6 in the 
Turkish population. Clin Pharmacol Ther. 1999;66(2):185–192.

 8. Aydin M, Hatirnaz O, Erensoy N, Ozbek U. CYP2D6 and CYP1A1 mutations in the Turkish popula-
tion. Cell Biochem Funct. 2005;23(2):133–135.

 9. Koseler A, Ilcol YO, Ulus IH. Frequency of mutated allele CYP2D6*4 in the Turkish population. 
Pharmacology. 2007;79(4):203–206.

10. Erden G, Acar FS, Inal EE, Soydas AO, Ozoran K, Bodur H, Yildirimkaya MM. Frequency of mutated 
allele CYP2D6*4 in the Turkish ankylosing spondylitis patients and healthy controls. Rheumatol Int. 
2009;29(12):1431–1434.

11. Ingelman-Sundberg M, Sim SC, Gomez A, Rodriguez-Antona C. Influence of cytochrome P450 poly-
morphisms on drug therapies: pharmacogenetic, pharmacoepigenetic and clinical aspects. Pharmacol 
Ther. 2007;116(3):496–526.

PB-Ergun.indd   71 07-04-2016   14:47:14



CYP2D6 Gene Polymorphisms

72
Taskin, Percin, 

Ergun

PsychoPharmacology Bulletin:  Vol. 46 · No. 1

12. Gaedigk A, Casley WL, Tyndale RF, Sellers EM, Jurima-Romet M, Leeder JS. Cytochrome 
P4502C9 (CYP2C9) allele frequencies in Canadian Native Indian and Inuit populations. Can J Physiol 
Pharmacol. 2001;79(10):841–847.

13. Johansson I, Lundqvist E, Bertilsson L, Dahl ML, Sjöqvist F, Ingelman-Sundberg M. Inherited ampli-
fication of an active gene in the cytochrome P450 CYP2D locus as a cause of ultrarapid metabolism 
of debrisoquine. Proc Natl Acad Sci U S A. 1993;90(24):11825–11829.

14. Karle J, Bolbrinker J, Vogl S, Kreutz R, Denkert C, Eucker J, Wischnewsky M, Possinger K, 
Regierer AC. Influence of CYP2D6-genotype on tamoxifen efficacy in advanced breast cancer. Breast 
Cancer Res Treat. 2013;139(2):553–560.

15. Sachse C, Brockmöller J, Bauer S, Roots I. Cytochrome P450 2D6 variants in a Caucasian population: 
allele frequencies and phenotypic consequences. Am J Hum Genet. 1997;60(2):284–295.

16. Yagihashi T, Mizuno M, Chino B, Sato Y, Sakuma K, Takebayashi T, Takao T, Kosaki K. Effects of the 
CYP2D6*10 alleles and co-medication with CYP2D6-dependent drugs on risperidone metabolism in 
patients with schizophrenia. Hum Psychopharmacol. 2009;24(4):301–308.

17. Lazalde-Ramos BP, Martínez-Fierro Mde L, Galaviz-Hernández C, Garza-Veloz I, Naranjo ME, 
Sosa-Macías M, Llerena A. CYP2D6 gene polymorphisms and predicted phenotypes in eight indig-
enous groups from northwestern Mexico. Pharmacogenomics. 2014;15(3):339–348.

18. Kagimoto M, Heim M, Kagimoto K, Zeugin T, Meyer UA. Multiple mutations of the human cyto-
chrome P450IID6 gene (CYP2D6) in poor metabolizers of debrisoquine. Study of the functional 
significance of individual mutations by expression of chimeric genes. J Biol Chem. 1990;265(28): 
17209–17214.

19. Bradford LD. CYP2D6 allele frequency in European Caucasians, Asians, Africans and their descen-
dants. Pharmacogenomics. 2002;3(2):229–243.

20. Lhermitte M, Allorge D, Broly F. Xenobiotic-metabolizing polymorphic enzymes. An opportunity for 
individualized drug treatment. Bull Acad Natl Med. 2006;190(1):55–69; discussion 69–73.

21. Grasmäder K, Verwohlt PL, Rietschel M, Dragicevic A, Müller M, Hiemke C, Freymann N, Zobel A, 
Maier W, Rao ML. Impact of polymorphisms of cytochrome-P450 isoenzymes 2C9, 2C19 and 2D6 
on plasma concentrations and clinical effects of antidepressants in a naturalistic clinical setting. Eur J 
Clin Pharmacol. 2004;60(5):329–336.

22. Serin A, Canan H, Alper B, Gulmen M. The frequencies of mutated alleles of CYP2D6 gene in a 
Turkish population. Forensic Sci Int. 2012;222(1–3):332–334.

23. Sistonen J, Sajantila A, Lao O, Corander J, Barbujani G, Fuselli S. CYP2D6 worldwide genetic varia-
tion shows high frequency of altered activity variants and no continental structure. Pharmacogenet 
Genomics. 2007;17(2):93–101.

24. Zhang WY, Tu YB, Haining RL, Yu AM. Expression and functional analysis of CYP2D6.24, 
CYP2D6.26, CYP2D6.27, and CYP2D7 isozymes. Drug Metab Dispos. 2009;37(1):1–4.

25. Yokota H, Tamura S, Furuya H, Kimura S, Watanabe M, Kanazawa I, Kondo I, Gonzalez FJ. Evidence 
for a new variant CYP2D6 allele CYP2D6J in a Japanese population associated with lower in vivo rates 
of sparteine metabolism. Pharmacogenetics. 1993;3(5):256–263.

26. Gan SH, Ismail R, Wan Adnan WA, Zulmi W. Impact of CYP2D6 genetic polymorphism on trama-
dol pharmacokinetics and pharmacodynamics. Mol Diagn Ther. 2007;11(3):171–181.

27. Bertilsson L, Dahl ML, Dalén P, Al-Shurbaji A. Molecular genetics of CYP2D6: clinical relevance 
with focus on psychotropic drugs. Br J Clin Pharmacol. 2002;53(2):111–122.

28. Basci NE, Brosen K, Bozkurt A, Isimer A, Sayal A, Kayaalp SO. S-mephenytoin, sparteine and 
debrisoquine oxidation: genetic polymorphisms in a Turkish population. Br J Clin Pharmacol. 
1994;38(5):463–465.

29. Bjornsson TD, Wagner JA, Donahue SR, Harper D, Karim A, Khouri MS, Murphy WR, Roman K, 
Schneck D, Sonnichsen DS, Stalker DJ, Wise SD, Dombey S, Loew C. A review and assessment of 
potential sources of ethnic differences in drug responsiveness. J Clin Pharmacol. 2003;43(9):943–967.

PB-Ergun.indd   72 07-04-2016   14:47:15


