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INTRODUCTION
 In Russia cancer of a lung takes 

the leading positions in structure of 
oncological incidence – the incidence 
of it for the last 20 years has increased 
more than twice and it is on the first 
place among malignant neoplasms [5]. 
Annually in Russia this pathology is 
diagnosed more, than for 63 thousand 
patients. The problem of cancer of lung is 
relevant also for Yakutia where this form 
of cancer for many years takes the first 
place in structure of an oncopathology. 
In Republic Sakha (Yakutia) with the 
population in 982,1 thousand people 
annually more than 300 people get cancer 
of a lung[2].The sharpness of a problem 
is caused not only by high prevalence of 
a disease, but also by late diagnostics as 
at an early stage lung cancer is possible 

to diagnose no more than in 15% of 
cases [4]. It is relevant to study all factors 
involved in carcinogenesis.

Lung cancer, as well as many 
oncological diseases, is a multiple-
factor disease and in its development 
an important role is played as outside 
environment (smoking, asbestos, radon, 
arsenic, etc.), and genetic factors [7, 9, 
11, 17]. By some authors, it is shown that 
polymorphic options of a gene of NAT2 
make a contribution to development of 
oncological diseases including cancer of 
a lung [8, 13, 18].

The gene of NAT2 is localized on a 
short chromosome arm 8 (8p23.1), has 
about 9900 PN extension, contains 2 
exons and it is expressed mainly in a liver 
and intestines [3, 14]. The N enzyme-
acetyltransferase-2 coded by this gene 

represents the protein with a molecular 
weight of 33 cd consisting of 290 amino-
acid residues. This enzyme localized 
in cytoplasm participates in process of 
biotransformation of aromatic amines, 
which are present at the environment. A 
source of aromatic amines are industrial 
wastes, pollution of water, air, and a 
number of medicines [3, 15].

MATERIAL AND METHODS
In the present article it has been done 

a comparative studying of polymorphism 
of a gene of NAT2 enzyme arylamine 
N-acetyltransferase among patients with 
cancer of a lung and among healthy peo-
ple, residents of the Sakha (Yakutia) Re-
public. We have examined 60 patients 
with cancer of a lung of Yakut ethnic origin 
from which 43 men, 17 women received 
treatment in a republican oncological 
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clinic of the city of Yakutsk. Average age 
of patients was 58,86±8,72 years. The 
diagnosis cancer of a lung has been con-
firmed morphologically, endoscopically 
and radiologically. During checking has 
been investigated the group of healthy 
people which is corresponding to a group 
of patients on ethnic origin and a gender 
with no oncological diseases, consisting 
of 60 people (middle age 49,5±5,75).

For release of DNA the standard 
method of phenolic and chloroformic ex-
traction was used [12]. The emitted DNA 
was frozen at a temperature - 400C be-
fore carrying out genotyping. 

The analysis of polymorphic options 
481C>T, 590>T; AU 857>A; was carried 
out by A of a gene of NAT2 with use of 
methods of polymerase chain reaction 
on the thermocycler of “Tertsik” of the 
“DNK-technology” company (Russia) and 
T100 of the “Bio-Rad” company (USA).

For amplification used reactionary mix 
volume 25 мql, which contained 2,5 мql 
10 Taq-buffer (67 mMtris-HCl (pH 8,8), 
16,6 mM (NH4)2 SO4, 2,5mM MgCl2, 
0,01% of Тween-20), 0,1 mkg of genomic 
DNA, the mix dNTP (dATP, dGTP, dCTP, 
dTTP on 150 mkM of each), 1 unit of 
DNA - Thermusaquaticus polymerase 
(Sintol, Russia) and 5-10 pmoligonucle-
otidepraymer (F 5’ - GCTGGGTCTG-
GAAGCTCCTC; R 5 ‘-TTGGGGTGA-
TACATACACAAGGG). The mode of 
amplification was the following: prelim-
inary denaturation (940C, 5 min.), 28 
cycles of amplification: a denaturation 
– 940C, 45 sec.; annealing – 600C, 45 
sec.; synthesis – 720C, 45 sec., the fin-
ishing synthesis (720C, 7 min.).

For definition of nucleotide replace-
ments it was carried out hydrolysis of an 
amplificated fragment by the following re-
strictions: KpnI (481C > T), BamHI (857G 
>A), TaqI (590G > A) (fig. 1, 2, 3). 

Products of enzymatic hydrolysis were 
divided by a vertical electrophoresis in 
7% poliacrylamide gel with the subse-
quent processing bromic etidium. Visu-
alization of bands and scanning of gel 
were carried out in the passing UF-light 
by means of the “DNAAnalyzer” video 
system (Moscow).

When comparing frequencies of ge-
notypes the standard criterion χ2 with 
Yeats’s amendment was used. Statisti-
cally significant considered distinctions at 
p<0,05. The relative risk (OR) of develop-
ment of a disease at a certain genotype 
was calculated by a standard formula 
OR=a/bxd/c where a and b – the number 
of the patients having and not having a 
mutant genotype respectively and d, c – 
a number of people in control group, hav-
ing and not having a mutant genotype. 
OR is specified with a 95% confidential 
interval.

RESULTS
 The analysis of distribution of frequen-

cies of alleles and genotypes which is 
carried out by us on three polymorphic lo-
cus 481C> T, 590G >A and 857G > NAT2 
gene A among sick and healthy people 
of the Yakut ethnic origin has revealed a 
number of features of distribution of fre-
quencies of alleles of the studied gene.

Frequency of alleles NAT2*481T in 
group of healthy individuals of the Yakut 
ethnic origin was 23,4%. Earlier it has 
been established that the prevalence of 
this polymorphic option 
in various populations 
varies from 2-43% [16]. 
In populations of Eu-
rope frequency alleles 
is NAT2*481T 38-43% 
[1, 6, 16], and in Asian 
populations of China 
and Japan with – 6% 
and 2%, respectively [6], 
that is there is a gradi-
ent of the decrease in 
frequency given allele 
from the west to the 
east. In comparison with 
literary data on occur-
rence frequency alleles 
NAT2*481T in South-
east Asia among Yakuts 
this value is rather high.

Frequency of alleles 
NAT2*857A in popula-
tion of Yakuts - 21,7% 
that is more, than in 
other Asian populations. 
Frequency of  given al-
leles increases from the 
west to the east, among 
Europeans it is 2-3%, in 
populations of Asia – 11-
19% [6, 10].

According to liter-
ary data in distribution 
of frequencies of al-
leles NAT2*590A isn’t 
revealed significant 
interethnic differences 
between populations of 
Asia and Europe. For 
alleles NAT2*590A at 
the population of Eu-
rope is characteristic 
occurrence frequency 
– 26-27%, among in-
habitants of Asia  23-
30% [6, 10]. Among 
Yakuts frequency alleles 
NAT2*590A was equal in 
control group to 21,7%.

For the purpose of 
identification of possible 
associations of polymor-
phic options of a gene of 
NAT2 with development 

of cancer of lung we have carried out 
the analysis of distribution of allels poly-
morphic option 481C > T at patients with 
cancer of a lung and among the people 
who don’t have oncological diseases. We 
haven’t found statistically significant dif-
ferences in distribution of frequencies of 
alleles between control group and group 
of patients with cancer of a lung. In dis-
tribution of genotypes between control 
group and group of sick statistically sig-
nificant distinctions were also not found 
(fig. 4).

Figure 1. Detection of polymorphism 481C > gene T by NAT2 
method of the RFLP-analysis (T/T – a homozygous «wild» 
genotype (4,5,9); T/C – a heterozygotic genotype (3,11,12,13); 
C/C – a homozygous mutant genotype (1,2,6,7,8,10)).

Figure 2. Detection of polymorphism 590G > gene A by NAT2 
method of the RFLP-analysis (G/G – a homozygous «wild» 
genotype (1,6,7,10); A/G – a heterozygotic genotype (2,3,4,9); 
A/A– a homozygous mutant genotype (5,8)).
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In group of patients the frequency of 
occurrence mutant alleles was higher 
than NAT2*590A in comparison with 
healthy (34% and 26% respectively), 
but statistically significant differences 
when comparing frequencies of alleles 
(NAT2*590G and NAT2*590A) at sick 
and healthy isn’t found by us (fig. 5). In 
group of patients we have noted increase 
in frequency of occurrence of a heterozy-
gote genotype of NAT2*590G/A by 1,7 
times in comparison with control group, 
40% and 23,3% respectively (χ ²=3,12; 
p=0,077 )

The greatest statistically reliable dis-
tinctions of frequencies of alleles and 
genotypes were observed by us by 
polymorphic option 857G > A. At pa-
tients in comparison with healthy de-
crease in frequency of occurrence of 
mutant NAT2*857G alleles - 64,2% and 
78,3%, respectively χ ²=42,52 is noted; 
p =0,000...; OR=2,02; 95% CI=1,10 – 
3,78 and increase in frequency of occur-
rence of wild NAT2*857A alleles 35,8%, 
21,7% respectively χ ²=42,52; p=0,000...; 
OR=6,47; 95% of CI=3,52 - 11,98 (fig. 6).

In group of patients frequency of al-
leles NAT2*857A increased (35,8%; 
χ ²=42,52; p=0,000...; OR=6,47; 95% 
CI=3,52-11,98) and heterozygotic geno-
type of NAT2*857G/A (71,6%; χ ²=13,43; 
p=0,000...; OR=0,23; 95% CI=0,10-0,53) 
and the frequency of a homozygous ge-
notype NAT2*857G/G decreased (28,4%; 
χ ²=10,95; p=0,000...; OR=3,79; 95% 
CI=1,66-8,78) in comparison with control 
of 21,7%, 36,6% and 60,1% respectively.

Thus, in the analysis of associations 

of polymorphic 
options 481C > 
T, 590G >A and 
857G >; NAT2 
gene A with devel-
opment by lung 
cancer in Yakutia 
have been estab-
lished the allelic 
options and ge-
notypes of a gene 
of NAT2 making 
a contribution to 
development of 
cancer of lung 
among persons of 
the Yakut ethnic 
origin. Markers of 
the increased risk 
of development 
of cancer of lung 
among Yakuts 
are the allele of 
NAT2*857A and 
a genotype of 
NAT2*857G/A , 
markers of the 
lowered risk 
- NAT2*857G 
a l l e l e , 
N AT 2 * 8 5 7 G / G 
genotype.
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V.L. Osakovsky, T.M. Sivtseva
Genome and genetic health of the 
Yakut ethnos

ABSTRACT
The article presents a survey of the results of studies of the ethnogenesis of the peoples of Siberia in the aspect of the genetic health of the ethnos, 

adapted to the extreme changes in seasonal changes in the high-latitude zone. The genome inherited from ancestors with a certain protective 
potential provides metabolic health and stability against stressful environmental influences. The genome of the Yakut ethnos is characterized by 
three main genetic components (58.5% - Central Siberian, 12.5% - European, 29% - East Asian), as well as a high level of homozygosity of the 
genome. In the Yakut population, the negative genetic component is manifested by a wide spectrum of age-dependent, genetically predisposed 
neurodegenerative diseases (multiple sclerosis, Viliuisk encephalitis, Parkinson’s disease and diseases with impaired motor functions, including 
amyotrophic lateral sclerosis and spastic paraplegia and other). Also in recent years, the population is experiencing an increase in the burden of 
diseases with metabolic disorders. The main reason for the growth of the negative load of health disorders of the modern Yakut population is the 
consequence of genetic drift and conservatism of the genome. 

Keywords: ethnogenesis, Yakut population, genome, metabolic disorders, neurodegenerative diseases


