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ABSTRACT

Aim. To assess the variability of the NAT2 gene and to comparatively analyze the prevalence of NAT2 polymor-
phisms and acetylation types among Yakut and Russian patients newly diagnosed with pulmonary tuberculosis
(TB), permanently residing in the Sakha Republic (Yakutia).

Materials and methods. The study included 197 patients with newly diagnosed pulmonary TB (132 Yakuts and
65 Russians) aged (43.3 £ 14.4). The following single-nucleotide polymorphisms were analyzed, using re-
al-time polymerase chain reaction (PCR): NAT2*5 (rs1801280, T341C), NAT2*6 (rs1799930, G590A), NAT2*7
(rs1799931, G857A), NAT2*11 (rs1799929, C481T), NAT2*12 (rs1208, A803G), and NAT2*13 (rs1041983,
C282T). Genetically determined basal metabolic rates were calculated using the NATpred online tool.

Results. 75% of residents, both of Yakut and Russian ethnicity, were identified as carriers of NAT2 polymorphic
variants known to be related to isoniazid biotransformation. NAT2*6 and * 13 allelic variants were more frequent in
Yakuts (occurring in 40.9% and 64.4%, respectively); variants NAT2*5, *6, *11, *12, and *13 were more common
in Russians (69.2; 55.4; 67.7; 69.2, and 64.6%, respectively). The NAT2*5, *7, *11, and *12 polymorphisms were
found to be significantly ethnicity-dependent. The study established substantial prevalence of medium acetylation
type (58.3%) in Yakuts and slow acetylation type in Russians (61.5%). Correlations were shown between ethnicity
and different prevalence rates of rapid, medium, or slow acetylation types among patients with TB.

Conclusion. The observed NAT2 polymorphism distribution patterns and isoniazid acetylation types among
Yakut and Russian patients with newly diagnosed pulmonary TB demonstrated that pharmacologic responses
can be significantly different between ethnic groups. Findings of pharmacogenetic studies in Yakut and Russian
populations should be incorporated in clinical practice for personalized administration of isoniazid.

Key words: Yakut, Russian, tuberculosis, isoniazid, pharmacogenetics, polymorphism, NAT2, acetylation,
isoniazid acetyltransferase.
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CpaBHUTE/IbHBINM aHa/U3 pe3y/IbTaTOB FreHOTUNMPOBAHUA reHa N-aueTus-

TpaHcpepasbl 2 y NaLuMEHTOB C BNEPBbie BbIAB/IEHHbIM Ty6EepKy/1€30M OpraHoB

AbIXaHUA, NpoXKMBatowmx B Pecny6/uke Caxa (AKyTHA)

KpacHoBa H.M.', Eppemosa E.H.?, EropoBa A.A.2, ®ununnosa 0.U.2, YepToBckux f.B.3,
Pyabix 3.A.3, AnekceeBa E.A.2, TatapuHoBa T.E.?, CokopyToB [1.A.", Banb H.C.?,
BuHokypoBa M.K.2, KpaBueHko A.D.?, BeHrepoBckui A.A.%, Coiués A.A.°

I Cegepo-Bocmounulit pedepanvuviti ynusepcumem (CB@Y) um. M.K. Ammocosa
Poccus, 677000, 2. Axymck, yn. berunckozo, 58

? Hayuno-npaxmuuecxuti yenmp (HIIL]) « @musuampusiy
Poccus, 677000, 2. Axymck, ya. [lempa Anexceesa, 93

3 Pecnybauxanckas knunuyeckas ooavrnuya (PKB) Ne 3
Poccus, 677027, 2. Axymck, yn. Kupoea, 34

* Cubupckuii 2ocyoapcmeennulii meouyunckull ynugepcumem (Cubl’MY)
Poccus, 634050, 2. Tomck, Mockoeckuii mpakm, 2

3 Poccutickas MEOUYUHCKAsL aKaOdeMust HenpepuleHo20 npogeccuonaivio2o oopasosanus (PMAHIIO)
Poccus, 125993, o. Mocksa, ya. bappukaonas, 2/1, cmp. 1

PE3IOME

Heas. Onenuts BapuabenbHOCTs TeHa N-anetuntpancdepassl 2 (NAT2), mpoBecTH CpaBHUTENBHBINA aHAIN3 pac-
HPOCTPAaHEHHOCTH €ro MonuMopdu3MoB reHa NAT2 1 TUIIOB alleTHIMPOBAHUS CPEIN SAKYTOB M PYCCKHX C BIIEPBBIC
BBISIBJICHHBIM TyOEPKYJIE30M OPTaHOB JABIXaHUs, MpokuBaromux B Pecryonuke Caxa (SAxyTus).

Marepuanasl 1 MeToabl. B nccnenoBanue BkitodeHsl 197 manuentoB (132 skyrta u 65 pycckux) B BO3pacTte
(43,3 + 14,4) rona ¢ BIepBbIC BISABICHHBIM TYOCPKYJIE30M OPraHOB JbIXaHHsI. MeTo0M MOoJINMepa3HOi emHOi
pEaKkIiu B pe)KMME PeabHOr0 BPEMEHH HCCIIeI0BaHbI OJHOHYKIICOTUIHBIE ToMMopu3mMbl NAT2*5 (rs1801280,
T341C), NAT2*6 (rs1799930, G590A), NAT2*7 (rs1799931, G857A), NAT2*11 (rs1799929, C481T), NAT2*12
(rs1208, A803G), NAT2*13 (rs1041983, C282T). I'eneTnueckn NeTepMUHHPOBAHHYIO CKOPOCTH MeTaboyn3Ma
paccUUTHIBAII C TOMOIIBIO OHNTaiH-KaIbKysiTopa NATpred.

Pe3yasTatsl. [Tomumopdusie BapuanTtsl reHa NAT2, acCOIMIPOBAaHHBIE CO CKOPOCTHIO OHMOTpaHC(HOpMAIMU H30-
HHUAa3u/a, BCTpedaloTcs y 75% SKyTOB UM BCEX PYCCKHUX, NMPOXKMBAIOINX B SKyTHH. SIKyTHI SBIISIOTCS YacTHIMU
HOCHTEIISIMU aJUIeIIbHBIX BapuanToB NAT2*6 u *13 (c wactoToi Bctpeuaemoctu 40,9 u 64,4% COOTBETCTBEHHO),
pycckue — HocutessMu NAT2*5, *6, *11, *12 u *13 (c wacToTol BcTpeuaemoctu 69,2; 55.4; 67,7; 69,2 u 64,6%
COOTBETCTBEHHO). Pacpenenenne nommmoppusmoB NAT2*5, *7, *]1, *]2 3Ha4nMO 3aBHCUT OT HAI[HOHAIBHOCTH.
VYcraHoBneHa OoJbIIas pacpoCTPAaHEHHOCTh MIPOMEKYTOUHOTo Tuma aunerwinposanus (58,3%) cpexn sKyToB,
MEJUICHHOTO THIA — Cpei pycckux (61,5%). Paznuuus pacripocTpaHeHHOCTH OBICTPOTO, IIPOMEXKYTOTHOTO U MeI-
JICHHOTO THIIOB al[eTIIMPOBAHUS y MAIIEHTOB C TyOEpKyJIe30M 3aBHCAT OT HAIIMOHAJIBHOCTH.
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3axmouenne. OcoOEHHOCTH pacripeneneHns moauMophu3MoB reHa NAT2 ¥ THIIOB alleTHIMPOBAHUS H30HHA3HIA
Cpeay MAlMEeHTOB SKYTCKOM U PYCCKO#l HAIMOHAJIBHOCTH C BIIEPBBIC BHISBICHHBIM TYOEpKYJI€30M OpPraHOB JIbIXa-
HHS CBU/ICTENILCTBYIOT O TOM, YTO (DapMAKOJIIOTHUECKHI OTBET MOXKET 3HAYUTENBHO Pa3InyaThCs CPEIN HALIUCHTOB
Hal[MOHAJBHBIX Ipymil. JlaHHBIE (apMaKOr€eHETHYECKOTO HCCIEI0BAHNUS Y SIKyTOB U PYCCKHX HEOOXOIUMO YUUTHI-
BaTh B KIIMHMYECKOW MPAKTHKE JUIS HEPCOHAIN3UPOBAHHOTO MPUMEHEHHUS H30HHA3H/IA.

KnroueBble ciioBa: AKyTHI, pycckue, TyOepKyJe3, N30HHA3U I, apMakoreHeTHka, nomumopdmsm, NAT2, mexten-
HBIH{, OBICTPBIH, TPOMEXXYTOUHBIH, THI AlleTHINPOBAHHS.

Konpaukt nuaTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJUKAIME HACTOSIICH CTAThH.

Hcrounux punancupoBanus. Vccienosanue BeinonHeHo npH ¢uHancoBoi noxnepxke [AY PC(S) «Pecmy-
OnrkaHCKas KImHIYeckas 6onpauIa Ne 3» Munuctepctsa 3apaBooxpanenus PecryOinku Caxa (SIkyTus).

CooTBeTCTBHE NPUMHIMIIAM ITHKH. Bee nanueHTsl noanucani HHPOPMHUPOBAHHOE COTIacHe HA MPOBEICHHE HC-
cienoBanus. VccnenoBanne ogoOpeHo JIoKambHBIM 3THUeckiM komMuteToM ['BY PC(S1) «HayuHo-nipakTH4ecKuit
neHTp «Prmsuarpus» (mpotokon Ne 3 ot 26.09.2018).

Jst murupoBanusi: Kpacuosa H.M., Edpemosa E.H., Eroposa A.A., ®umunmosa O.1., Yeprosckux f1.B., Py-
nbix 3.A., AnexceeBa E.A., Tatapunosa T.E., Coxopytos JI.A., Bans H.C., Bunokyposa M.K., KpaBuenko A.D.,
Benreposckuii A.1., Corués JI.A. CpaBHUTENBHBIN aHAIN3 PE3yJIbTATOB FEHOTUIIMPOBAHMs F'eHa N-alleTHITpaHC-
(epasbl 2 y MAIMEHTOB C BIEPBLIE BEISIBICHHBIM TyOepKyIJIe30M OpraHOB JbIXaHUsI, IIPOKUBAIOINX B PecryOinke
Caxa (Sxytus). broanemens cubupckoii meduyunst. 2020; 19 (4): 102—-109. https://doi.org/10.20538/1682-0363-

Comparative analysis of N-acetyltransferase 2 genotyping results among

2020-4-102-109.

INTRODUCTION

Conventionally recommended treatment for new-
ly identified drug-sensitive pulmonary tuberculosis
consists of a combination of 4 most effective anti-TB
drugs, such as isoniazid, rifampicin, pyrazinamide,
and ethambutol, administered in standard doses
(http://cr.rosminzdrav.ru/#!/schema/943). In reality,
individual differences in pharmacologic responses to
these drugs, developing quite often, include poor che-
motherapy outcomes in some patients, possible deve-
lopment of M. tuberculosis drug resistance followed
by disease relapse, and adverse drug reactions [1]. In
particular, isoniazid is a drug with a known hepatoto-
xic effect, which can cause liver damage with clinical
manifestations ranging from asymptomatic hyperen-
zymemia (10-20% of patients) to severe hepatitis or
acute hepatic failure (0.5—1%) [2]. Toxic liver effect is
produced by highly active isoniazid metabolites, hy-
drazine and acetylhydrazine [3, 4].

Isoniazid is metabolized in the liver through reac-
tions of acetylation and hydrolysis. These reactions
are catalyzed by N-acetyltransferase-2 (NAT2) and
acylamidase, respectively [5]. A NAT?2 isozyme is en-
coded by a highly polymorphic gene with 106 alleles
established to date. NAT2 activity is determined by
single-nucleotide substitution in the backbone region
of the encoding gene [6, 7]. Combinations of NAT2
gene alleles produce a variety of isoniazid acetylation

phenotypes: rapid acetylator (presence of 1 or 2 “ra-
pid” alleles); medium acetylator (1 “slow” allele);
slow acetylator (2 “slow” alleles) [5, 8].

NAT2 gene polymorphism distribution is known
to vary substantially and has been shown to correlate
with race, ethnic origin, and place of residence [9-11].
The aim of this study was to assess the variability of
NAT2 gene and to comparatively analyze prevalence
of NAT2 gene polymorphisms and acetylation types
among Yakuts and Russians with newly identified
pulmonary tuberculosis (PTB).

MATERIALS AND METHODS

Single-center, one stage, observational sampling
study was conducted, including 197 patients with new-
ly identified PTB, selected from representatives of 2
ethnic groups living in the Sakha Republic (Yakutia):
132 Yakuts (77 women, 55 men) and 65 Russians (35
women, 30 men). Patients were hospitalized to Phthi-
siatry Research-Practice Center in Yakutsk during
the intensive chemotherapy phase. Patient’s average
age was 43.3 + 14.4 years. Inclusion criteria were
PTB diagnosed for the first time, age of 18 years or
over, informed consent, and Yakut or Russian ethnic-
ity. Ethnicity was established based on self-definition
by patients and their parents; family trees were also
analyzed to the second generation. In earlier studies,
it was shown that ethnic self-definition corresponded
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to microsatellite analysis in 99.9% of cases [12]. De-
scendants from mixed marriages and patients who did
not meet any of the inclusion criteria were excluded.

Blood for genetic analysis was obtained from a
superficial elbow vein. Using evacuated blood collec-
tion systems, whole blood specimens were collected
in 4 mL tubes coated with finely dispersed ethylene-
diaminetetraacetic acid (Zhejiang Gongdong Medical
Technology Co., Ltd); then desoxyribonucleic acid
(DNA) was isolated using the ExtractDNA Blood re-
agent kit (Evrogen, Russia). Using Real-Time CFX96
Touch (Bio-Rad, USA) PCR system and GenTest-M
NAT2 (Nomotek, Russia) reagent kit, we identified
the presence of the following polymorphic variants:
NAT2*5 (rs1801280, T341C), NAT2*6 (rs1799930,
G590A), NAT2*7 (rs1799931, G857A), NAT2*11
(rs1799929, C481T), NAT2*12 (rs1208, A803G),
and NAT2*13 (rs1041983, C282T). Genetically de-
termined basal metabolic rates were calculated using
NATpred online calculator [13].

Statistical analysis was performed using IBM
SPSS Statistics ver. 23. Pearson’s chi-squared test and
its modification with Yates’s correction were used for
analysis. Compliance of genotype distribution with
Hardy — Weinberg equilibrium was checked using
95% Clopper — Pearson confidence intervals. The cri-
tical significance level p was 0.05.

RESULTS

Yakut and Russian patients newly diagnosed with
TB had the following polymorphic NAT2 gene vari-
ants known to be linked with the isoniazid biotrans-
formation rate: NAT2*5, *6, *7, *11, *12, and *I3.
In Yakuts, allele and genotype distributions of NAT2
polymorphisms were consistent with Hardy — Wein-
berg equation (p > 0.05). In Russians permanently
living in Yakutia, allele and genotype distributions of
NAT2*5, *6, *7, *12, and *I3 polymorphisms com-
plied with the Hardy — Weinberg equation, only the
NAT2*11 polymorphism did not correspond to the
equilibrium (Table 1).

NAT?2 polymorphic variants were found in 75%
(99 /132) of Yakut patients and in all Russian patients
(65 / 65). Two most frequent allelic variants found
among Yakuts were NAT2*6 (40.9%) and NAT2*13
(64.4%). In Russians, the following polymorphic
variants were observed with almost the same frequen-
cies: NAT2*5, *6, *11, *12, and *13 (69.2%, 55.4%,
67.7%, 69.2%, and 64.6%, respectively) (Table 1).

Statistically significant ethnicity-dependent differ-
ences were observed in the prevalence of single-nu-
cleotide polymorphisms (SNPs) NAT2*5, *7, *11,
*]2 (Table 1). Polymorphic variants NAT2*6 and
NAT2*13 were equally frequent among Yakuts and
Russians.

Table 1

Comparison of allele and genotype frequencies of NAT2 gene polymorphisms in Yakuts and Russians with newly identified pulmonary
tuberculosis (PTB)

Polymorphism Yakuts (n = 132) Russians (n = 65)
Genotype, 1 (%) Allele, % v P Genotype, 1 (%) Allele, % . P
NAT2*5 (T341C) 912;9) 352(63.5) 6?4/:.:6) 0.{32 0.C18 L7 10.558 1755 (Ts/oT.S)* 36 (Ts/sc.4)* 9 (?gi;)* 0.T58 oiz 1.28 1 0.527
G/G G/A A/A G A G/G G/A A/A G A
NAT276 (G390A) 78 (59.1)[49(37.1)| 5(3.8) | 0.78 | 0.22 064 10727 29 (44.6) | 29(44.6) | 7(10.8) | 0.67 [0.33 0.004] 0998
A A/A A A A/A A
NAT2*7 (G857A) 94G(;?.2) 35C(}£6.5) 3 (2.3) 024 0.16 001 10.993 56 ?8/52)* 9 (?;.8)* 0 (i))* 0?3 0.07 036 1 0.976
NAT2*11 (C481T) 90((322.2) 38((:;;8) 4{;];)) 0.(2233 0.11“7 0.00 | 1.000 21 ((;/2(.:3)* 40 ((é/lljS)* 4(];/2)* 0.(6:3 0.27 6.70 1 0.035
NAT2712 (A303G) 9112?.9) 38A(/2§8) 3G(;.C;) 0./;3 0.G17 01710916 20 é/(fS)* 37?5/699)* 8 (Cl};i)* 0?9 0.(4}11 207 0.354
NAT2713 (€282T) 47%2.6) 74((:;.1) 11T(/8T.3) 0.((334 0.T36 589 1 0.052 23%(5:.4) 34((321.3) 8 (T1/2T.3) 0.(22 0.1;8 0.72 10699

Note. 2 — Pearson’s chi-square test, p — statistically significant differences (< 0.05). * significant differences, compared with Yakuts, p < 0.05.

58.3% (77 / 132) of Yakuts with newly diagnosed
TB were characterized by medium acetylators, while
in 22.7% (30/132) and 18.9% (25/132) slow and ra-
pid acetylators, respectively, were observed. Among
Russians, slow type was detected in 61.5% (40 / 65),

medium type — in 35.4% (23 / 65), and rapid type — in
3.1% (2/65).

Differences in the prevalence of 3 acetylation
types significantly depended on ethnicity (y*=30.977;
p =10.000).

bionnereHb cubnpckon meamumHbl. 2020; 19 (4): 102-109 105



Krasnova N.M., Efremova E.N., Egorova A.A. et al.

Comparative analysis of N-acetyltransferase 2 genotyping results among

Occurrence of NAT2*6, *7, and *11 genotypes
among slow and medium acetylators did not differ
much between Yakut and Russian patients, unlike the
prevalence of NAT2*5, *12, and *13 polymorphisms,
which showed statistically significant differences.

74% (57 / 77; CI [0.62—0.83]) of Yakut medium
acetylators were carriers of homozygous T/T gen-

otype of NAT2*5 (T341C). In the group of Russian
patients, this carriage was observed in 39.1% of cases
(9/23; CI[0.19-0.61]) (p < 0.05).

Heterozygous T/C NAT2*5 genotype was identi-
fied in 24.7% of Yakut (19 / 77; CI [0.15-0.35]) and
60.9% of Russian (14 /23 CI [0.38-0.80]) (p < 0.05)
medium acetylators (Table 2).

Table 2
Acetylation types in patients with PTB with different genotypes of NAT2 gene polymorphisms
Yakuts (n = 132) Russians (n = 65)
P . Slow Medium . Slow . .
olymorphisms | Genotype Rapid acetylator Medium acetylator | Rapid acetylator
acetylator acetylator (n="25), n (%) acetylator (n=23), n (%) (n1=2). 1 (%)

(n=30),n (%) | (n=77),n (%) ’ (n =40), n (%) ? ’

T/T 9 (30.0) 57 (74.0) 25 (100.0) 9 (22.5) 9(39.1) 2 (100.0)
NAT2*5 (T341C) T/C 16 (53.3) 19 (24.7) 0 22 (55.0) 14 (60.9) 0
C/C 5(16.7) 1(1.3) 0 9(22.5) 0 0

NATZ*6 G/G 12 (40.0) 41 (53.2) 25 (100.0) 11 (27.5) 16 (69.6) 2 (100.0)
(G590A) G/A 15 (50.0) 34 (44.2) 0 23 (57.5) 6(26.1) 0
A/A 3 (10.0) 2 (2.6) 0 6 (15.0) 1(4.3) 0

NAT27 G/G 16 (53.3) 53 (68.8) 25 (100.0) 32 (80.0) 22 (95.7) 2 (100.0)
(G857A) G/A 12 (40.0) 23 (29.9) 0 8(20.0) 1(4.3) 0
A/A 2(6.7) 1(1.3) 0 0 0 0

NAT2*11 C/C 9 (30.0) 56 (72.7) 25 (100.0) 9(22.5) 10 (43.5) 2 (100.0)
(C481T) C/T 18 (60.0) 20 (26.0) 0 27 (67.5) 13 (56.5) 0
T/T 3(10.0) 1(1.3) 0 4 (10.0) 0 0

NAT2*12 A/A 9 (30.0) 57 (74.0) 25 (100.0) 10 (25.0) 8 (34.8) 2 (100.0)
(A803G) A/G 19 (63.3) 19 (24.7) 0 23 (57.5) 14 (60.9) 0
G/G 2(6.7) 1(1.3) 0 7(17.5) 1(4.3) 0

NAT2*13 C/C 3(10.0) 19 (24.7) 25 (100.0) 6 (15.0) 15 (65.2) 2 (100.0)
(C282T) C/T 18 (60.0) 56 (72.7) 0 27 (67.5) 7 (30.4) 0
T/T 9(30.0) 2(2.6) 0 7(17.5) 4.3) 0

Among medium acetylators, 74% of Yakuts (57/77,
CI [0.62—-0.83]) and 34.8% of Russians (8 / 23; CI
[0.16-0.57]) (p <0.05) had A/A genotype of NAT2*12
(A803G). Carriers of heterozygous A/G NAT2*12
genotype were found more frequently among Russian
patients (60.9%, 14 / 23; CI [0.38-0.80]), as opposed
to rarer occurrence of this genotype among Yakut pa-
tients (24.7%, 19/ 77; CI1[0.15-0.35]) (p < 0.05). C/C
NAT2*13 genotype (C282T) was present in 24.7% of
Yakuts (19 / 77; CI [0.15-0.35]) and 65.2% of Rus-
sians (15 /23; CI [0.42-0.83]) (p < 0.05). In addition,
Yakuts were more frequent carriers of T/C NAT2*13
heterozygote (72.7%, 56 / 77; CI [0.61-0.82]) than
Russians (30.4%, 7/ 23; C1[0.13-0.52]) (p <0.05).

DISCUSSION

Genetic diversity of the NAT2 gene and acetylation
phenotypes developed as a result of human adaption
to living environment. Transition from nomadic to
sedentary life profoundly changed food choices, re-

sulting in the body being exposed to novel pathogens
and xenobiotics. Further, due to the need for better
survival the activity of detoxifying enzymes had been
altered, producing a new heritable phenotype of bio-
transformation [14].

Correlation between ethnicity and the prevalence
of NAT2 gene polymorphisms has been observed
across the globe. Based on data from the Internation-
al Genome Sample Resource (IGSR; https://www.
internationalgenome.org/), NAT2*5, *11, and *12
polymorphic variants are more prevalent among
the populations of Europe and South Asia (68.4%
and 56.5% (first variant); 67.6% and 53.1% (second
variant); 67.2% and 58.1% (third variant)). Variants
NAT2*5, *11, and *12 have been observed in 7.3%,
7.1%, and 7.7% of the population of East Asia, re-
spectively. NAT2*7 polymorphism is frequent among
native population of East Asia (31.8%), but is rare
among Europeans (4.6%). NAT2*6 polymorphism
has been detected in 58.7% of people living in South
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Asia, showing equal rates among populations of Eu-
rope (46.9%) and East Asia (43.2%). Proportions of
people carrying NAT2*13 variant are nearly the same
among Asian and European races (50.5% of Asians,
69.4% of Europeans).

Our study demonstrated higher frequencies of
NAT2*6 and NAT2*13 allelic variants among Ya-
kuts (Table 1), which complies with previously repor-
ted prevalence rates among Asians. The frequency of
NAT2*5, NAT2*11, and NAT2*12 variants among
Yakuts was 31.1%, 31.8%, and 31.1%, respectively,
which was inconsistent with previously estimated
proportions among Asian people. The allelic vari-
ant NAT2*7 had almost the same occurrence among
Yakuts (28.8%) and people from East Asia (31.8%);
however, its frequency was lower in the population of
South Asia (13.5%).

The frequencies of NAT2*5, *6, *11, *12, and *13
polymorphic variants among Russians were 69.2%,
55.4%, 67.7%, 69.2%, and 64.6%, respectively
(Table 1). The frequency of NAT2*7 polymorphism
in Russians residing in Yakutia was higher than in res-
idents of Europe (13.8% and 4.6%, respectively).

Comparative analysis of NAT2 genotype distri-
bution showed that Russian patients were more fre-
quent carriers of NAT2*5, *11, and *12 than Yakuts
(Table 1). To date, evidence is lacking on the con-
tribution of NAT2*5 and *11 genotypes to severity
and frequency of isoniazid-induced liver damage in
patients with tuberculosis. There is a known correla-
tion between increased risk of isoniazid-induced hep-
atotoxicity and minor allele homozygous genotypes,
compared with the same risk in carriers of major al-
leles of NAT*5 and *11 [15, 16].

Polymorphic variant NAT2*7 was more fre-
quent in Yakuts (28.8%) than in Russians (13.8%)
(» < 0.05). Genotype A/A NAT2*7 was observed in
a small number of Yakut patients (2.3%) and in none
of the Russian patients (Table 1). Few studies have
reported inconclusive data on association between mi-
nor allele A NAT2*7 and hepatotoxicity risk. Some
authors pointed out a higher risk of hepatotoxic re-
actions to first-line anti-TB drugs in individuals with
A/A genotype, in contrast to carriers of G/G genotype
[17, 18], while other researchers reported absence of
such associations [2, 19].

Major alleles of NAT2*5, *6, and NAT2*7 encode
synthesis of NAT2 with altered amino acid sequence
and, therefore, lower activity. People with NAT2*5
allele in combination with NAT2*6, or *7 polymor-
phic variant are slow acetylators [8]. Geographic dis-

tribution of slow acetylators has been well studied:
this phenotype occurs in 60% of the population of
Europe, Middle East, North Africa, and South Asia,
and in 10% of the population of East Asia and Native
Americans [20].

In Yakut population, the most widespread acetyl-
ation type was medium type (58.3%), while Russians
mostly were characterized by slow acetylation type
(61.5%). The proportion of rapid acetylators was
much larger among Yakuts, than among Russians
(18.9% versus 3.1%). This is consistent with previous
comparative studies among Asians and Caucasians.

In clinical practice, NAT2 polymorphism and ge-
netically determined variability in isoniazid acetyla-
tion speed can have a considerable impact on the out-
come and safety of tuberculosis pharmacotherapy. A
link between liver damage rate and slow acetylation
type was confirmed in several meta-analyses [21-24].
Slow acetylators showed high serum concentrations
of isoniazid and its toxic metabolites [25]. Rapid
acetylators had lower serum isoniazid concentrations,
but higher risk of drug resistance to M. tuberculosis
[25-28].

CONCLUSION

Our study results suggest that NAT2 gene poly-
morphisms linked to isoniazid acetylation have con-
siderable prevalence rates among Yakuts and Rus-
sians. Yakuts mostly tended to be carriers of allelic
variants NAT2*6 and *13, while Russians mostly
carried variants NAT2*5, *6, *11, *12, and *13.
Comparative analysis within the study sample showed
the presence of statistically significant differences in
frequencies of NAT2*5, *7, *11, and *12 genotypes,
depending on ethnicity. As a result of NAT2 geno-
type combinations, Yakuts tended to develop mostly
medium acetylation type, while Russians more often
developed slow acetylation type. The observed pat-
terns in distributions of NAT2 gene polymorphisms
and acetylation types among Yakuts and Russians
with newly identified TB can serve as a confirmation
that pharmacologic responses can substantially differ
depending on patients’ ethnicity.
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