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saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
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literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
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masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
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 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
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damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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CYP2B6 SINGLE NUCLEOTIDE POLYMORPHISMS IN AN AZERBAIJANI POPULATION

Nigar Karimova Ildirim.

Human Genetics Laboratory, Biotechnology Department, Genetic Resources Institute of Azerbaijan National Academy of Sciences, Azadlig 
avenue 155, Baku, Azerbaijan.

Abstract.
Aim of the study: Despite being one of the less-characterized 

human isoforms, cytochrome P450 2B6 is already known for 
its participation in the metabolism of many drugs and several 
environmental carcinogens. It has been studied in different 
populations, but ethnicity is a crucial variable to account for 
interindividual variability. This study aimed to investigate the 
genotype and allelic frequencies of CYP2B6 c.516G>T SNP 
in an Azerbaijani population, as the determination of SNP’s 
prevalence will be helpful in further pharmacogenetics research 
and optimization of personalized drug therapy in Azerbaijan. 

Material and methods: Identification of CYP2B6*6 allelic 
and genotype frequencies in 100 volunteers was performed 
using polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) technique. The obtained results 
were confirmed by next-generation sequencing. 

Results: The frequency of the *6 allele was 0.275, with 
the *1 allele frequency being 0.725. The frequency of the 
CYP2B6*1/*1, CYP2B6*1/*6 and CYP2B6*6/*6 genotypes 
were 0.55, 0.35, 0.1, respectively. 

Conclusions: This is the first investigation to report the 
frequencies of CYP2B6*/6 alleles in the Azerbaijani population. 
The results of this study suggest that genetic polymorphisms in 
the CYP2B6 gene are abundantly present among Azerbaijani 
individuals.

Key words. Cytochrome P450, CYP2B6, PCR-RFLP, 
Azerbaijani.
Introduction.

Human cytochromes P450 (CYP) are a broad spectrum of 18 
mammalian cytochrome families that encode 57 genes in the 
human genome. The P450 superfamily plays a crucial role in 
the metabolism of many structurally diverse molecules and is 
classified on the basis of amino-acid homology [1]. Two main 
classes functionally divide human CYPs: the first involves 
biosynthesis of bile acids, steroids, and fatty acids, whereas 
the second class includes xenobiotics metabolism primarily 
carried out by CYP1, CYP2 and CYP3 isoenzyme families [2]. 
Cytochrome gene families initially attracted interest because of 
their strong correlation with the metabolism of drugs, steroids, 
and carcinogens. Approximately 12 CYP isoenzymes of CYP1, 
CYP2 and CYP3 are responsible for Phase I biotransformation 
of drugs and various xenobiotics in the human liver. Thus, it 
is important to mention that the expression and function of 
these gene families vary dramatically both inter-and intra-
individually, which defines unpredictable drug response. 

CYP supergene family harbors a great number of single 
nucleotide variants, which are an essential source of variation. 
However, processes like inhibition or induction by drugs 
and biological and physiological conditions may limit their 
penetrance [3]. 

Cytochrome P450 2B6 is one of the less-characterized human 
isoforms. CYP2B6 gene has been located on chromosome 
19q13.2 and is known for its participation in the metabolism of 
many drugs such as isophamine, tamoxifen, ketamine, propofol, 
imatinib, efavirenz and several environmental carcinogens 
[1]. Initially, the lack of knowledge regarding substrates and 
inhibitors held back the research of CYP2B6's phenotypic 
characterization and pharmacogenetic effects. Currently, 40 
alleles and more than 30 amino-acid altered single-nucleotide 
polymorphisms are identified for the CYP2B6 gene, which 
determinates its highly expressed nature. Moreover, it has been 
reported that CYP2B6 demonstrates a possible significance in 
clinical drug treatment. For instance, CYP2B6 allele 516G>T is 
associated with greater plasma of exposure to efavirenz (EFV), 
a non-nucleoside reverse transcriptase inhibitor drug used in 
human immunodeficiency virus (HIV) treatment. CYP2B6 also 
plays an important role in the metabolism of nevirapine (another 
drug used in HIV treatment) [4,5]. 

Among gene polymorphisms, CYP2B6 c.516G>T  is one of the 
most common exonic alterations. CYP2B6*6 was documented 
to have a relationship with different types of blood malignancy. 
It has been studied in different populations, but ethnicity is a 
crucial variable to account for interindividual variability. 

Thus, this study was aimed to investigate the genotype 
and allelic frequencies of G15631T SNP in an Azerbaijani 
population, as the determination of SNP’s prevalence will be 
useful in further pharmacogenetics research.
Materials and methods.
Subjects and DNA extraction

Our investigation included 100 individuals (68 females and 
32 males) aged 15-81 years (mean: 36; standard deviation: 
16), randomly selected from various regions of the country and 
recruited from the Institute of Hematology and Transfusiology, 
named after B. Eyvazov. The study was approved by the Ethics 
Committee of the Institute of Hematology and Transfusiology, 
named after B. Eyvazov, which complies with the Declaration 
of Helsinki of 1964, as revised in 2013. The protocol of written 
informed consent was obtained from all the patients involved in 
the investigation.

The investigation consisted of individuals who belong to the 
Azerbaijani ethnic group and have resided in Azerbaijan for 
three consecutive generations. The subjects with a history or 
evidence of hepatic or hematological abnormalities, hepatitis B 
or C or HIV infection, or any other acute or chronic disorders 
were not included.

Due to established inclusion criteria, our study involved 
100 unrelated volunteers who were admitted to IHT between 
February 2017 and December 2019.

Two milliliters' peripheral blood samples in EDTA tubes 
were collected from the volunteer group. Genomic DNA was 
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isolated using a DNA extraction kit, QIAGEN QIAamp DNA 
Blood Mini kit (QIAGEN, Hilden, Germany), according to the 
manufacturer's instructions. Genotyping was conducted at the 
Institute of Genetic Resources of Azerbaijan National Academy 
of Sciences. DNA quality and quantity were measured by 
NanoDrop 2000c Spectrophotometers (Thermo Scientific).
Genotyping of CYP2B6 Polymorphisms

The PCR amplification for CYP2B6 was performed by using 
the primer pair, forward 5’-CTGTGTCCTTGACCTGCTGC-3’, 
and reverse 5’TCCAGGAGCAGAATAGACATGAAG-3’. 
The mixture consisted of 2.5 µl of 10x PCR buffer, 2.0 µl MgCl2, 
0.25 µl dNTPs, 0.25 FIREPOL Taq Polymerase, 0.5 µl of each 
primer, 16 µl deionized water and 3 µl DNA. The amplification 
was initiated with denaturation at 95°C for 5 minutes, followed 
by 35 cycles at 95°C for 30s, 56°C for 1 minute, 72°C for 
2 minutes and a final extension step at 72°C for 5 min. The 
product of amplification was analyzed on a 1.5% agarose gel at 
110 V for 35 minutes.

The digestion of 2.5 µl of PCR products was carried with 
0.5 units of restriction enzyme Bsr1 (New England BioLabs, 
BioLabs) for an hour at 65°C and the genotyped on a 3% agarose 
gel. The homozygote wild-type variant (GG) was identified 
by the presence of two bands on 518 bp and 60-bp fragments, 
whereas the homozygote mutant variant (TT) produced a band 
at 578-bp, and heterozygote (GT) revealed three bands at 578, 
518, and 60 bp (Figure 1).

Figure.1. Gel electrophoresis for CYP2B6*6 (digestion enzyme 
BsrI). Lane 5 contains a 100-bp ladder. Lanes 2 to 4 and 8 indicate a 
homozygous wild-type variants (GG). Lanes 1 and 6 show a homozygous 
mutant individual (TT). Lane 7 demonstrates heterozygous genotype (GT).

Sequencing
Following genotyping, 10% of all samples from each different 

genotype were randomly selected for confirmation sequencing. 
The PCR products were purified by using a QIAquick PCR 
and then sent to INTERGEN Laboratory (Ankara, Turkey) for 
confirmation via next-generation sequencing.
Statistical Analysis

The chi-square test (χ2) was applied in order to compare 
the frequencies of polymorphic genotypes and alleles. The 
deviations from the Hardy-Weinberg equilibrium for allele and 
genotype frequencies for the different SNPs were assessed by 
Fisher’s Exact Test. 

All the statistical tests were two-sided; the level of significance 
was taken as p<0.05.

Statistical analysis was carried out using the SPSS package 
(ver. 22, SPSS, Chicago, IL).
Results.

The experiment involved DNA samples of one hundred healthy 
Azerbaijani volunteers. Genotype and allelic frequencies of 
CYP2B6*6 polymorphism were identified using the PCR-RFLP 
technique. The frequency of the *6 allele was 0.275, with the 
*1 allele frequency being 0.725. The frequency of the wildtype 
homozygote (CYP2B6*1/*1), heterozygote (CYP2B6*1/*6) 
and mutant homozygote (CYP2B6*6/*6) genotypes were 0.55, 
0.35, 0.1, respectively. The given values conformed well with 
Hardy-Weinberg equilibrium predictions. 

The data of comparison of the allelic and genotype frequencies 
between the Azerbaijani population and other reported ethnic 
populations are shown in the Table 1.

Table 1. Chi-square test and P-values of differences in allelic 
frequencies between Azerbaijani and various ethnic groups.

Population
Azerbaijani

Chi-square test (χ2)                        P-value
Turkish 71.443 <0.01
British 46.496 <0.01
Spanish 27.352 <0.01
Canadian 62.069 <0.01
Japanese 22.792 <0.01
Han Chinese
Southern Chinese
Korean
African

51.637
53.627
23.466
23.378

<0.01
<0.01
<0.01
<0.01

The allelic frequency of CYP2B6*6 in the Azerbaijani 
population (27.5%) was relatively similar to Caucasian 
populations including British (28.1%) [6] (χ2=46.496, P<0.01), 
Spanish (26.5%) [7] (χ2=27.352, P<0.01), Turkish (28%) [8] 
(χ2=71.443, P<0.01), and Canadian (25,4%) [9] (χ2=62.069, 
P<0.01), however, significantly higher than Asian populations, 
namely Japanese (14,4%), (χ2=22.792, P<0.01), Korean 
(15,2%) (χ2=23.466, P<0.01) [4], Han Chinese (21%) [10] 
(χ2=51.637, P<0.01), excluding Southern Chinese (34%) [5] 
(χ2=53.627, P<0.01), and notably lower than African (42%) 
[11] (χ2=26.378, P<0.01). All the differences were found 
to be statistically significant. Correspondingly, CYP2B6*6 
mutant homozygote and heterozygote genotype frequencies 
were relatively similar to British (χ2=3.673, P=0.016), Turkish 
(χ2=0.292, P=0.476), Japanese (χ2=3.399, P=0.065) and Korean 
(χ2=1.910, P=0.165) populations, but significantly lower than in 
Africans (χ2=0.302, P=0.566). Interestingly, the comparison of 
the prevalence of heterozygous and mutant homozygous alleles 
between the Azerbaijani and Spanish populations revealed a 
variance (χ2=0.230, P=0.647). Namely, heterozygous genotype 
was significantly higher whereas mutant homozygous notably 
lower than in Azerbaijani population. No significant difference 
was found between results for this investigation and Asian, 
Caucasian or African populations, except for British (Table 2).
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Table 2. CYP2B6 SNPs frequencies (%) observed in this study and 
comparison with other populations.

Population Allele frequency
N                        CYP2B6*6

Turkish 344 0.253
British 270 0.281
Spanish 200 0.265
Canadian 354 0.254
Japanese 90 0.144
Han Chinese
Southern Chinese
Korean

386
1014
92

0.21
0.345
0.152

African 82 0.488

Discussion.
Although CYP2B6 belongs to the poorly characterized 

enzymes, it is already known for over 40 highly polymorphic 
alleles, which makes it clinically important as alterations 
in CYP2B6 activity affect drug pharmacokinetics, toxicity 
and response [4]. As the interest towards Cytochrome P450 
2B6 grows, it provokes investigations that rapidly broaden 
the list of known substrates. Namely, anti-cancer agents like 
cyclophosphamide and ifosfamide or the antiretrovirals like 
efavirenz and nevirapine. Also, it is worth noting narcotics, 
including propofol and ketamine, and a list of the antidepressants 
like bupropion or sertraline. Along with playing a vital role in 
a number of drug metabolism, it is also metabolizing some 
endogenous molecules such as testosterone, procarcinogens and 
recreational drugs [12,13]. Nevertheless, there is a lack of data 
related to the effects of SNPs of CYP2B6 on enzymatic activity 
or comparisons among reported allelic variants. Thus, CYP2B6 
allele prevalence data is of great interest among different ethnic 
populations, especially in those in which CYP2B6 plays a 
significant role in drug metabolism [8]. 

Available data across populations demonstrate a considerable 
ethnic variation in the prevalence of CYP2B6 variant alleles. 
CYP2B6*6 allele, which is defined by two SNPs (516G>T, 
785A>G), was reported in Caucasians, with relatively similar 
frequencies from 25 to 28%, and in Africans, namely in West 
Africans and Ghanaians with frequencies of 42% and 48%, 
respectively; however, data varies significantly among Asian 
populations from 14 to 34% [5]. It is important to note that, 
CYP2B6*6 allele is present in the Azerbaijani population with a 
frequency of 0.275, which despite the small size of the cohort, 
corresponds with previously collected frequencies in Turkish, 
British, Spanish, and Canadian populations. 

For comparison, CYP2B6*6 was less common in Asians but 
more frequent in Africans. 

The association of CYP2B6 alterations with disruptions in 
the biotransformation of therapeutically important drugs are 
gaining evidence in many ethnically diverse populations. There 
are several studies to show relevance for drug therapy with 
CYP2B6 substrates. Namely, an in vitro study of the impact 
of 516G>T on expression and function in the human liver 
showed that the given SNP influences enzyme expression levels 
and activity [14]. In addition, CYP2B6 is known as a strong 
predictor of high systemic exposure to efavirenz (EFV) in 

HIV-infected patients. A recent investigation of the association 
between plasma EFV levels and allele CYP2B6*6 showed that 
516G>T correlates with greater plasma EFV exposure during 
the first 24 weeks of antiretroviral therapy and an increase 
in central nervous system side effects, especially during the 
first week. In addition, the mean plasma EFV concentrations 
of patients with CYP2B6 *6/*6 genotype (516TT genotype 
together with 785GG genotype) were significantly higher than 
those of patients with *6 heterozygous genotypes and non-
*6 alleles [15]. Another example of antiretroviral therapy for 
HIV patients is nevirapine (NVP), which treatment response 
has associations with the CYP2B6 genotype [16,17]. Namely, 
516G>T is reported to influence patient exposure to NVP 
[18,19]. An investigation of bupropion (an approved therapy of 
nicotine dependence) exposure and CYP2B6 demonstrated that 
although the presence of the CYP2B6*6 allele appeared to have 
no significant effect on bupropion exposure, hydroxylation of 
both enantiomers was higher in patients carrying CYP2B6*6/*1. 
However, contradictory results have been reported on metabolic 
activation of the prodrug cyclophosphamide in hepatic 
microsomes from CYP2B6*6 carriers; nevertheless, lower 
4-hydroxy-cyclophosphamide production and poor treatment 
response to cyclophosphamide was observed in patients with 
CYP2B6*6 allele than in CYP2B6*1 carriers [20]. In addition, 
it is interesting to mention the catalytic activity of CYP2B6 
variants, which causes interindividual varieties in the hepatic 
metabolism of certain drugs. Namely, the presence of the 
CYP2B6*6 allele decreased hepatic clearance of ketamine up to 
89% in liver microsomes and 55% in c-DNA-expressed in vitro 
proteins [12].

Another study of ketamine clearance demonstrated that the 
CYP2B6*1/*1 genotype confers a 6-fold higher clearance of 
both enantiomers of ketamine compared to the CYP2B6*6/*6 
genotype [14].

Our findings revealed allele and genotype frequencies of highly 
polymorphic CYP2B6, demonstrating the necessity for further 
research within the Azerbaijani population in larger cohorts as 
these variants may significantly affect the pharmacokinetics and 
pharmacodynamics properties of a number of drugs. 

To our knowledge, this is the first investigation to document the 
frequencies of CYP2B6*/6 alleles in the Azerbaijani population. 
The results of this study suggest that genetic polymorphisms in 
the CYP2B6 gene are abundantly present among Azerbaijani 
individuals. 
Conclusions.

In conclusion, our findings aim to contribute to a better 
understanding of the ethnic differences in CYP2B6 genotypes. 
Also, it shows that pharmacogenetic testing of drug metabolizing 
CYP enzymes may lead to improvement and optimization of 
personalized drug therapy in Azerbaijan.
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Цель исследования
Несмотря на то, что цитохром P450 2B6 является одной 

из менее изученных изоформ человека, он уже известен 
своим участием в метаболизме многих медикаментов и 
даже нескольких канцерогенов. Он был изучен в разных 
популяциях, однако этническая принадлежность является 
важной переменной для учета межиндивидуальной 
изменчивости. Данное исследование было направлено 
на изучение частот генотипа и аллелей полиморфизма 
цитохрома CYP2B6 516G>T в Азербайджанской 
популяции, поскольку определение распространенности 
данной точечной мутации может принести вклад в 
дальнейшие фармакогенетические исследования и 
оптимизацию персонализированной лекарственной 
терапии в Азербайджане.
Материалы и методы

Идентификацию частот аллелей и генотипов CYP2B6*6 
у 100 добровольцев проводили с использованием метода 
полимеразной цепной реакции-полиморфизма длины 
рестрикционных фрагментов (ПЦР-ПДРФ). Полученные 
результаты были подтверждены секвенированием нового 
поколения.
Результаты

Частота аллеля *6 составила 0,275, частота аллеля *1 — 
0,725. Частота генотипов CYP2B6*1/*1, CYP2B6*1/*6 и 
CYP2B6*6/*6 составлает 0,55, 0,35, 0,1 соответственно.
Заключение

Это первое исследование, в котором представляются 
частоты аллелей CYP2B6*/6 в Азербайджанской 
популяции. Результаты этого эксперимента показывают, 
что генетические полиморфизмы в гене CYP2B6 в изобилии 
присутствуют среди азербайджанцев.

Ключевые слова: Цитохром Р450, CYP2B6, ПЦР-ПДРФ, 
Азербайджан
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