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A social significance of the pharmacogenetic testing
in Ukraine on the example of the CYP2B6 gene participating
in the nicotine metabolism

The study of the pharmacogenetic testing in Ukraine on the example of the gene CYP2B6 participating in the
nicotine metabolism is currently topical and socially significant problem.

Aim. To determine the potential sample among the residents of Ukraine, for which the therapeutic effect of the
treatment of nicotine addiction with bupropion will be the most effective considering polymorphism of the CYP2B6 gene.

Materials and methods. Genotyping of the participants in the study with respect to CYP2B6 polymorphism
(rs3745274) was carried out using a polymerase chain reaction. In addition to genotyping, the survey participants filled
in questionnaires that reflected their socio-demographic data, as well as the lifestyle, duration and frequency of smoking.

Results and discussion. In the course of the studies conducted it has been found that approximately 7 % of the
population has a genetic variant of CYP2B6 predisposing to smoking. The same persons are a potential target audi-
ence for conducting the personalized therapy.

Conclusions. Prior the pharmacotherapy it is advisable to conduct the pharmacogenetic testing, which will reduce
the cost of therapy and the risk of side effects in the future.
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CouianbHa 3HavyLWicTb NpoBeAeHHs (hapMaKkoreHeTUYHOro TeCTyBaHHs B YKpaiHi
Ha npuknaai reHa CYP2B6, wo 6epe y4yacTb y MeTaboni3amMi HikoTUHY

BrBYeHHS NpoBeaeHHst hapMakoreHeTUYHOro TECTYBaHHs B YkpaiHi Ha npuknagi reHa CYP2B6, skuii 6epe yvacTb
y MeTaboni3aMi HIKOTUHY, € aKTyarnbHO i COoLlianbHO 3HAYYLLO NPOGNEMOI0.

MeTa. BusHauyeHHs1 MOTeHUiHOT BUBIpKM cepep, xkuTteniB YkpaiHu, Ans Skoi TepaneBTUYHUN edpekT MiKyBaHHSI HiKo-
TUHOBOI 3anexHocTi BynponioHom Byae HanbinbLW edhekTUBHMM 3 ypaxyBaHHaM nonimopdiamy reHa CYP2B6.

MaTepianu Ta meToau. eHOTMNYBaHHA y4acHUKIB AOCHIMKEHHS Wwoao nonimopdiamy CYP2B6 (rs3745274)
34iMCHIOBANOCs 3 BUKOPUCTaHHSAM nofniMepasHoi naHutoroBoi peakuii. KpiM reHoTunyBaHHS y4aCHUKN OOCHiAXEeHHS
3aMoBHIOBaNM aHKETU, B SKMX Oynu BigobpaeHi ix couiogemorpadiyHi AaHi, a Takox ocobnmBocCTi cnocoby XuTTs,
TpUBanocTi Ta 4YacToTW NaniHHS.

Pe3ynbraTy Ta ix 06roBopeHHs. B xoai npoBefeHVx AOCNifKeHb BCTaHOBMEHO, O NPUONM3HO 7 % HacerneHHs
Mae reHeTnyHuI BapiaiT CYP2B6, skuii cnpusie naniHHio. Lli >k ocobn € NoTeHUiHO LiNbOBOK ayanTOPIED ANS Npo-
BeLleHHs NepcoHanizoBaHoi Tepanii.

BucHoBku. JouinbH1M Anst npu3HadYeHHs dpapmakoTepanii € npoBegeHHs papMakoreHeTUYHOro TeCTyBaHHS, Lo
B NoJarnbLIOMy 03BOMUTL 3HU3UTU BaPTICTb NiKyBaHHS i pU3nK po3BUTKY NOBIYHMX edhekTiB.

Knroyoei croea: chapmakozeHemuyHe mecmysarHsi; eeH CYP2B6; HikomuHosa 3anexHicme; YkpaiHa

M. H. Kobeu, O. B. dununuosa, 0. H. KobeL,

CoumnanbHasa 3HaYMMOCTb NpoBeaeHus papMakoreHeTUYeCKOro TeCTMpoBaHuUA
B YKpauHe Ha npumepe reHa CYP2B6, yyacTByHLlero B MeTabonname HUKOTUHa

W3y4yeHne npoBeaeHns dhapmakoreHeTM4eckoro TectuposaHus B Ykpaure Ha npumepe reHa CYP2B6, yyacTByto-
Lero B MeTabonmame HUKOTUHA, ABMSIETCA akTyanbHON 1 COLManbHO 3Ha4YMMOon Npobrnemon.

Lenb. OnpenenexHne noteHuManbHOW BbIOOPKN cpeam xuTenen YkpauHbl, O11s1 KOTOPOW TepaneBTuyeckuii ad-
eKT neyveHns HUKOTMHOBOW 3aBMcMMOCTU BynponnoHoM ByaeT Hanbonee ahdeKTUBHBIM C y4eToM nonMMopdurama
reHa CYP2B6.

Martepuanbl 1 MeToAbl. [€HOTUNUPOBaAHWE YYACTHUKOB UCCeNoBaHUSA B OTHOLEHUM nonumopdurama CYP2B6
(rs3745274) ocywwecTBNsAN0OCh C MCMONb30BAHNEM MOSIMMEPA3HOW LIENMHOM peakumn. Kpome reHoTMnnpoBaHus y4acT-
HWKN UCCrea0oBaHNs 3anONHANN aHKETbI, B KOTOPbIX ObINn OTpaxeHbl UX coumogemMorpadmyeckne AaHHble, a Takke
ocobeHHOCTN 06pasa XM3HU, ANUTENBHOCTY U YaCTOTbl KypPEHUSI.

Pe3ynbraThl 1 nx obcyxaeHue. B xoge npoBedeHHbIX CCNeaoBaHW yCTaHOBINEHO, YTO NpUMepHO 7 % Hacene-
HWUSt UMEET reHeTnyeckunii BapuaHT CYP2B6, npegpacnonaratoLluii Kk KypeHuo. 3T e nuua siBnaiTca noTeHumanbs-
HOW LieneBovi ayanTopuen Ans npoBeaeHns NepcoHanM3vpoBaHHoOW Tepanun.

BbiBoabl. Lienecoobpa3Hbim Ans HasHaveHus hbapmakoTepanvu SBnseTca NnpoBeaeHne papmakoreHeTn4eckoro
TECTMPOBaHMS, YTO B AanbHENLLEM MO3BOMNT CHU3WUTb CTOMMOCTb NIEYEHUS U PUCK PasBUTUSA NOBOYHBIX 3O eKTOoB.

Knrouesnie criosa: hapmakoceHemuyeckoe mecmuposaHue; 2eH CYP2B6, HUKOMUHO8as 3agucuMocms, YkpauHa
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In order to increase the effectiveness and safety of
pharmacotherapy the pharmacogenetic testing is actively
introduced into medical practice; it is based on the indi-
vidual selection of drugs and their doses for a particu-
lar patient taking into account its genetic characteris-
tics, including those associated with the metabolism of
drugs. In particular, genetic peculiarities of patients are
based on polymorphism of genes, which are encoding
biotransformation enzymes and participating in pharmaco-
kinetic and pharmacodynamic processes. Based on the
results of the pharmacogenetic test a physician provides
recommendations on the choice of drugs and their doses
for a specific patient considering identification of his or
her genotypes, which affect the pharmacological response [1].

Typically, patients can be divided as slow, interme-
diate and rapid metabolizers of drugs. In a slow metab-
olism of drugs there are side effects associated with the
accumulation of drugs in the body. At the same time,
higher concentrations of drugs in the blood are obtained
during the treatment. The presence of alleles associated
with a rapid metabolism of drugs in patients is charac-
terized by the absence of a therapeutic concentration of
drugs in the blood plasma and the risk of development
of the therapeutic stability. Nowadays, the study of cyto-
chrome P-450 isoenzymes involved in biotransforma-
tion of many prescribed and used drugs has become very
popular [2].

A special role is played by polymorphism; informa-
tion about it can be used for a large part of the popula-
tion in connection with the prevalence of a disease or
condition associated with it. One of the examples is nico-
tine addiction [3]. It is a serious social problem in society.

According to the World Health Organization (WHO),
more than 7 million people die each year from tobacco
addiction. More than 6 million of these deaths are the re-
sult of direct consumption of tobacco, and about 890.000
deaths occur among non-smokers exposed to second-
hand smoke. Almost 80 % of more than 1 billion smokers
in the world live in low- and middle-income countries.
Unfortunately, due to the active distribution of hookahs
and the increase in the number of smokers by 2030, the
number of deaths due to smoking can grow to 8 million
people. According to the latest WHO data, 1.3 billion of
the world’s population suffers from nicotine addiction,
among them 12 % are female smokers [4].

There are different approaches to the pharmacotherapy
of nicotine addiction in the world [5, 6, 7]. Thus, the
authors studied the review of services for the therapy
of tobacco addiction in 121 countries [8]. According to
the prescriptions [7], one of the most effective methods
for treating nicotine addiction is monotherapy and com-
bined nicotine replacement pharmacotherapy. To treat
nicotine addiction the following pharmacotherapeutic groups
are used: drugs for the treatment of nicotine addiction
NO7BAO1 (nicotine), NO7BA (cytisine), NO7B A03 (va-
renicline); NO6AX12 (antidepressants, in particular bu-
propion); C02ACO1 (imidazoline receptor agonists, in
particular clonidine) [9].

However, such pharmacotherapy of nicotine addic-
tion has not shown sufficient effectiveness. Recently, one

of the most effective is the approach based on the clas-
sical principles of the personalized medicine [10].

In this regard, the use of antidepressants with the
active substance bupropion (“Velbutrin” and “Zyban’)
is promising. It can be noted that both bupropion and ni-
cotine are metabolized by the same enzyme — CYP2B6.
Despite the fact that the role of CYP2B6 in the metabo-
lism of nicotine is great, other enzymes also participate in
the metabolism of this substance. However, most of the
studies is devoted to CYP2B6. In general, the CYP2B6
gene has a great clinical importance and in addition to
the metabolism of nicotine is involved in the metabo-
lism of a number of widely used drugs, including cyclo-
phosphamide, bupropion, methadone, efavirenz, ketamine, etc.

The studies conducted in the United States have shown
that such treatment is the most effective for slow meta-
bolizers since the longer action of bupropion in the body
leads to a more pronounced therapeutic effect.

Thus, in one study 426 smokers of European descent
with the experience of smoking at least 10 years, who
decided to give up smoking, were prescribed antidepres-
sants (bupropion 300 mg/day for 10 weeks or placebo)
used to treat nicotine addiction. Each participant in the
study was sampled for genotypes by CYP2B6. The ana-
lysis has shown that smokers with the decreased activity
of the CYP2B6 gene are more difficult to get rid of nico-
tine addiction than individuals with a normal form of
this gene. However, the effectiveness of the antidepres-
sant therapy was much higher than that of smokers with
the reduced activity of this gene [10]. This is because
the drug, which is the substrate of this enzyme, has a
longer therapeutic effect.

The aim of the work is to determine the potential
sample among the residents of Ukraine, for which the
therapeutic effect of the treatment of nicotine addiction
with bupropion will be the most effective considering
polymorphism of the CYP2B6 gene.

Materials and methods

Genotyping of the participants in the study with res-
pect to CYP2B6 polymorphism (rs3745274) was carried
out using a polymerase chain reaction. It was performed
earlier [11].

DNA was isolated from samples of the buccal epithe-
lium using Chelex-100 ion exchange resin [12]. The al-
lelic state of the CYP2B6*6 gene was determined by the
single nucleotide substitution of 516G/T (rs3745274) ac-
cording to the procedure [13]. Amplification was per-
formed on a “Terzik” thermocycler.

Such oligonucleotide primers as AGGTGACAGCCT-
GATGTTCC and reverse TTTCTCGTGTGTTCTGGGTG
were used to amplify the fragment of the CYP2B6 gene
that contained the polymorphic site (5/6G/T) [13]. Re-
striction of the amplification products was performed
with BseNI endonuclease (MBI Fermentas, Lithuania).
The restriction products were analyzed by electropho-
resis in 2 % agarose gel. The molecular weight marker
was pUC19 DNA hydrolyzed with Mspl endonuclease
(MBI Fermentas, Lithuania). Visualization of the am-
plification and restriction products was carried out by
staining the gel with ethidium bromide and photographing
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with a transiluminator in ultraviolet light. The restriction
fragment with the size of 289 bp. corresponded to the
TT genotype of variant 5/6G/T of the CYP2B6 gene,
and two restriction fragments with the size of 196 and
93 bp. corresponded to the GG genotype. The presence
of all three bands on the electrophoregram indicated the
heterozygous TG genotype [13].

In addition to genotyping, the survey participants fil-
led in questionnaires that reflected their socio-demogra-
phic data, as well as the lifestyle, duration and frequency
of smoking. Participants in the study were not related
to each other. For the current analysis, only some of the
questions of the main part of the questionnaire were used.
The personal information was collected taking into ac-
count ethical requirements when working with a human.
All participants in the study gave their informed con-
sent to an anonymous questionnaire. The relationship
between qualitative characteristics was assessed using
the y? criterion. The conclusion on statistical hypotheses
was made at the significance level of p <0.05. The data-
base was created in Microsoft Excel. Calculations were
performed using Microsoft Excel and Statistica 6.

Results and discussion

The clinical significance of the CYP2B6*6 variant
of the CYP2B6 gene stipulated to study the population
distribution of the 57/6G/T variant in the sample of the
Ukrainian population. This study was pilot, and it was
conducted in Ukraine for the first time. The biomaterial
was samples of the buccal epithelium of 102 Ukrainians
(54 females, 48 males). The distribution of genotypes
in the sample of the population of Ukraine was deter-
mined by 57/6G/T polymorphism of the CYP2B6 gene:
GG —1in 56 % of the population, GT—in 37 %, and 7T —
in 7 % (Table).

The population frequencies of 5/6G/T polymorphism
of the CYP2B6 gene are p; =0.5 and ¢, = 0.5. The po-
pulation structure did not deviate from the Hardy-Wein-
berg equilibrium.

On the other hand, the questionnaire information of
the respondents made it possible to identify smokers (16 %)
and non-smokers (84 %) among all genotyped partici-
pants. The studies by other Ukrainian authors have shown
that, in general, the number of smokers is larger than
in our data presented. In particular, approximately 40
% of men and 10 % of women smoke in Ukraine [14].

Table
Distribution of genotypes of 516G/T
polymorphism of the CYP2B6 gene
. Genotypes
Gender of the persons examined GG or T

Male, n 27 16 5

Female, n 30 22 2

Total, % 56 37 7

Statistics: x? = 0,656, df = 2, p > 0,05.

Note. x? - Pearson’s criterion; df — degree of freedom,
p - level of significance.

Apparently, the underestimated number of smokers in the
current sample is due to the relatively young age of those
surveyed. For example, the youngest smoker is 17 years
old, and the oldest — 30.

The data of another study are closer to our results ob-
tained. Thus, according to the Kyiv International Insti-
tute of Sociology, among the residents of Ukraine, the
prevalence of daily smoking is 24 % among persons aged
18 years, including 9 % among females and 42 % among
males [14].

In the course of our study it has been found that 7 %
of individuals are slow metabolizers (GT), in whom nico-
tine is metabolized slowly, and they are more prone to nico-
tine addiction, making up the corresponding risk group.
The fast metabolizers (GG) among the subjects exami-
ned are 56 %. Due to the shorter time of the nicotine
presence in their neurons the probability of the metabo-
lism rearrangement in the cell and occurrence of nico-
tine addiction is reduced. Consequently, these individuals
can most effectively get rid of nicotine addiction without
the therapeutic intervention. This result is encouraging
since for most Ukrainians, who do not have physical
addiction, the explanatory work and aggressive adver-
tising can be a sufficient incentive to stop smoking.

The approximate assessment of reasonability of the
personalized and non-personalized approaches to therapy
was conducted with and without pharmacogenetic tes-
ting. Based on the calculation that the duration of pharma-
cotherapy with “Zyban” drug was from 6 to 12 months
the estimated price for the course of therapy was cal-
culated. Information on the price for this drug was ob-
tained as a result of the Internet search in various phar-
macy chains in Ukraine [15]. As of December 28, 2017,
the cost of “Zyban” tablets No. 30 was 2400 UAH or
85.4 USD, the cost of “Zyban” tablet No. 60 — 5200 UAH
or 185 USD. Therefore, the cost of treatment is from
512.4 USD for 6 months to 1024.8 USD for 12 months.
However, taking into account that this drug is effective
only for a certain contingent and its relatively high cost
it is highly desirable to perform pre-genotyping of indi-
viduals who are supposed to be treated with “Zyban”.
Based on our data this drug is theoretically effective only
for approximately for 7 % of individuals.

Many pharmacogenetic studies in Ukraine are not con-
ducted, but are possible outside of it. Abroad, in case of
individual analysis, the cost of such genotyping is from
50 USD to 100 USD per sample [16]. In Ukraine, howe-
ver, the cost of pharmacogenetic tests in general remains
relatively high. Thus, in the laboratory of “Sinevo” net-
work a similar study is included in the price list, but it
is performed in Germany [16]. Unfortunately, the infor-
mation presented on the site does not indicate what poly-
morphism is being investigated. The cost of CYP2D6
genotyping is 12630 UAH, which is equivalent to 450 USD.
Nevertheless, such studies are conducted once; they are
the basis for subsequent medicinal prescriptions and are
generally economically expedient. The example descri-
bed clearly demonstrates the importance, feasibility and
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social significance of pharmacogenetic testing before star-
ting the individual therapy.

CONCLUSIONS

1. The social importance of the pharmacogenetic tes-
ting in Ukraine has been studied on the example of the
CYP2B6 gene. In Ukraine, 7 % of people are prone to
smoking due to the characteristics of the CYP2B6 geno-

type, and at the same time, they are a potential target
audience for conducting the personalized therapy.

2. Prior the pharmacotherapy it is advisable to con-
duct the pharmacogenetic testing, which will reduce the
cost of therapy and the risk of potential side effects.
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