. YAKUT MEDICAL JOURNAL

ARCTIC MEDICINE

N.V. Zaitseva, O.V. Dolgikh, N.A. Nikonoshina, V.B. Alekseev
POLYMORPHISM OF CANDIDATE GENES
FOR THE FORMATION OF "POLAR STRESS
SYNDROME" IN CHILDREN LIVING

IN THE CIRCUMPOLAR TERRITORY

(BY THE EXAMPLE OF ANKK1/DRD2
(RS18004976) AND TNF (RS1800629))

DOI 10.25789/YMJ.2024.85.18

uDC
[613.11+612.017.2+612.392.69]:616-
06(571.121)

"Polar stress syndrome" is the result of a negative extreme climatic and geographical conditions impact in the circumpolar territories with the
subsequent formation of maladaptation disorders of immune and nervous regulation. There is no doubt the relevance of studying the SNP features
of candidate ANKK1/DRD2 (rs18004976) and TNF (rs1800629) genes in the aspect of identifying probable predisposition markers to the "polar
stress syndrome" development in the circumpolar territory population. The aim is to study the features of polymorphism of immune and nervous
systems regulatory genes as possible markers of predisposition to the "polar stress syndrome" formation in the children population of circumpolar
territory by the example of the dopamine receptor ANKK1/DRD2 (rs18004976) and the tumor necrosis factor TNF (rs1800629) genes. Materials
and methods. 717 children aged 7-13 years were examined. 136 people live in conditions conducive to the formation of "polar stress syndrome"
(circumpolar territory); 581 people live in the middle latitude territories. The identification of apoptosis receptors CD3*CD95" and TNFR was carried
out by flow cytofluorometry, dopamine production was analyzed by ELISA. The SNP of ANKK1/DRD2 (rs18004976) and TNF (rs1800629) genes
were identified by real-time PCR. Results. The results of children genotyping established the reliable association of the T-allele and TT-genotype
of the ANKK1/DRD2 gene (rs18004976) with dopamine hyperproduction and the similar relation of the G-allele and GG-genotype of the TNF
(rs1800629) gene with an excessive content of TNFR and CD3*CD95* lymphocytes (p<0.05). Overexpression of TNFR, CD3*CD95* and dopamine
in children was significantly associated with T-allele and TT-genotype of the ANKK1/DRD2 gene (rs18004976) and G-allele and GG-genotype
of the TNF gene (rs1800629) relative to the CC-genotype of the ANKK1/DRD2 (rs1800497) gene and AA-genotype of TNF (rs1800629) gene
independently of the analyzed sample (p<0.05) and reached the maximum values in carriers of the TT-genotype of the ANKK1/DRD2 (rs18004976)
gene and GG-genotypes of TNF (rs1800629) gene in the observation group. Moreover, the difference in the allele and genotype frequency
distribution of candidate genes between analyzed groups was significant (TT-genotype of the ANKK1/DRD2 gene (rs18004976) (OR=2.43; 95%
Cl=1.43-4.15; p=0.04); GG-genotype of the TNF gene (rs1800629) (OR=1.66; 95% CI=1.02-2.70; p=0.03)), which verified the contribution of
genetic predisposition to the development of "polar stress syndrome" in children in extreme climatic and geographic conditions of the circumpolar

territory.
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Introduction. "Polar stress syn-
drome" or "northern stress" is a com-
plex of specific changes in regulatory
and metabolic processes in the body by
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the reason of adaptive reserves deple-
tion in extreme climatic and geographic
conditions of a circumpolar territory. The
phenomenon of "polar stress syndrome"
and its consequences are considered as
a polysyndrome characterized by meta-
bolic disorders; detoxification inhibition;
oxidative stress, cellular and tissue hy-
poxia; increased blood clotting, regen-
erative-plastic insufficiency, immunosup-
pression, endocrine disorders, biological
rhythm desynchronization, meteopathy,
functional asymmetry of hemispheric in-
teractions and the formation of chronic
psycho-emotional stress [3, 4]. School-
age children are more vulnerable to the
stressful action of external factors be-
cause of active morphofunctional internal
organs and systems restructuring in a
growing and developing organism and as
a consequence of intensive educational
process. The nature of "polar stress syn-
drome" manifestations and their severity
is largely determined by the hereditary
adaptive potential of an individual or-
ganism, including by the polymorphic
variants of immune and nervous regula-
tion genes [1, 2]. Therefore, the study of

the polymorphism of dopamine receptor
ANKK1/DRD2 (rs18004976) and tumor
necrosis factor TNF (rs1800629) genes
as possible neuroimmune predisposition
markers to the development of "polar
stress syndrome" in school-age children
(7-13 years) living in a circumpolar terri-
tory is particularly relevant in the terms of
prompt diagnostics and effective preven-
tion on the early stages of its formation.

The aim is to study the features of
ANKK1/DRD2 (rs18004976) and TNF
(rs1800629) polymorphism as candidate
predisposition genes to the formation of
"polar stress syndrome" in children living
in a circumpolar territory.

Material and methods. 717 children
aged 7-13 years were examined. The
observation group consisted of 136 chil-
dren living in the circumpolar territory
(69° n.l.). The comparison group consist-
ed of children (581 people) living in the
middle latitude (56° n.l.). According to the
results of the neuropsychological testing
(STROOP test) the observation group
significantly differed from the comparison
group with a decrease in the indicators of
figurative and numerical memory, atten-



tion level, signs of emotional instability,
frequent headaches and sleep disorders,
as possible manifestations of the "polar
stress syndrome".

The study was carried out in accor-
dance with the Helsinki Declaration of
the WMA "Ethical principles of conduct-
ing medical research involving people as
subjects" and the National Standard of
the Russian Federation GOST-R 52379-
2005 "Good Clinical Practice" (ICH E6
GCP). Parents or other legal representa-
tives of the children have signed a volun-
tary informed consent to conduct a medi-
cal examination.

The content of TNFR and CD3+CD95+
lymphocytes was determined by flow cy-
tofluorimetry on the FACSCalibur device
(“Becton Dickinson”, USA) using the uni-
versal program "CellQuestPrO". The do-
pamine production level was determined
by the ELISA method on the Infinite
F50 analyzer (“Tecan Austria GmbH”,
Austria).

Statistical processing of the results is
implemented in the Statistica 10 applica-
tion software package (StatSoft, USA).
The Shapiro-Wilk criterion was used to
determine the data distribution nature
in the surveyed samples. The Student's
parametric criterion was used to assess
the level of reliability of the obtained data,
taking into account the normal distribu-
tion of variables in the compared groups.
The nonparametric Mann-Whitney U-test
was used to compare the data in the case
of deviation from the normal distribution.
The study results are presented in the
form of the arithmetic mean (X) and its
standard error (SE) of the studied indica-
tors. The differences between the groups
were considered statistically significant at
p<0.05.

The SNP of dopamine receptor
ANKK1/DRD2 (rs1800497) and tumor
necrosis factor TNF (rs1800629) genes
were analyzed using real-time PCR on
the CFX96 Real Time System C1000
Thermal Cycler (“BioRad”, Singapour).
The genetic material was extracted from
buccal scraping using a set of reagents
for DNA extraction "AmpliPrime DNA-
sorbB Form 2 Variant 100" (“NextBio”
LLC, Russia) by the sorbent method.
The test systems - reagent kits for SNP
(C2137T ANKK1/DRD2 (rs1800497)
and G308A TNF (rs1800629) (“Syntol”,
Russia)) identification were used to de-
termine the genetic polymorphism of the
studied genes. The allelic discrimination
method was used to establish the hu-
man genotype in the TagMan program.
The calculation of allele and genotype
frequency distribution according to the
Hardy-Weinberg equilibrium, the odds ra-

tio (OR) and its 95% confidence interval
(Cl) was carried out using the online "SN-
PStat" and "Gen-Expert" programs.

Results and discussion. The re-
sults of genotyping of the examined
children revealed polymorphic variants
of the dopamine receptor ANKK1/DRD2
(rs1800497) and tumor necrosis factor
TNF (rs1800629) genes that character-
ize signs of a possible genetic predispo-
sition to the development of "polar stress
syndrome" in the circumpolar territory
children population associated with the
maladaptation disorders of immune and
neurohumoral regulation. The frequency
allele and genotype distribution of these
genes corresponds to the Hardy-Wein-
berg equilibrium (p<0.05) and is de-
scribed by multiplicative (test x2, df = 1)
and additive (Cochrane-Armitage test for
linear trends, xi = [0,1,2], df = 1) inheri-
tance models (Table 1).

The polymorphism of the dopamine
receptor ANKK1/DRD2 (rs1800497)
gene in children with the signs of "polar
stress syndrome" living in the circum-
polar territory is characterized by the
significant increase in the T-allele and
the corresponding homozygous TT-gen-
otype frequency relative to the compari-
son group (p<0.05). It is associated with
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reduced expression of this gene and, as
a consequence, a decrease in the D2-
dopamine receptors density. In turn, a
significant increase in the production of
their dopamine ligand in the observation
group relative to the comparison group
and the reference level (p<0.05) is a re-
sponse to acute stress conditions, where
genome—mediated inhibition of reception
enhances the effects associated with
the unrelated ligand persistence. It has
been shown that it is the acute impact
of unpredictable and uncontrolled stress
factors such as sharp and sudden fluc-
tuations in the climatic and geographical
parameters of the circumpolar territories
leads to an increase in the extracellular
dopamine content in the mesocortical
system and striatum due to the pulsed
phasic dopaminergic neurons activation,
whereas chronic moderate stress inhibits
the production of this neurotransmitter,
causing a depression development in the
future [5, 6].

At the same time, an increased G-al-
lele and GG-genotype frequencies of the
TNF gene (rs1800629) were found in the
observation group (p<0.05). It is related
with the overexpression CD3*CD95*-lym-
phocytes as marker of cell death - in rela-
tion to the comparison group and excess

Table 1

The allele and genotype frequency distribution of ANKK1/DRD?2 (rs1800497) and TNF
(rs1800629) genes in children with the manifestations of ""polar stress syndrome"

Observation | Comparison OR

SNP Genotype / Allele group (n=136) grouplzn=58l) 95% CI
cC 0.611 0.644 087 | 059_127
CT 0213 0275 071 | 0.46_1.12
Agfﬁlg&/%%z TT 0.176 0.081 243 | 1.43-4.15
C 0.717 0.781 071 | 0.53-0.95
T 0.283 0219 141 | 1.05-1.90
GG 0.831 0.747 1.66 | 1.02-2.70
- GA 0.162 0.225 0.66 | 0.40_1.09
e l500620) AA 0.007 0.028 026 | 0.03_1.99
G 0.912 0.860 1.68 | 1.07—2.64
A 0.088 0.140 059 | 038-0.93

Note. y[T(ANKKI/DRD2)]> = 5,10, p = 0,02; y[TT(ANKKI/DRD2)] 2 =4,03, p=0,04;
A G(TNF)P= 5,22, p = 0,02; y[GG(TNF] =4,93, p =0,03.

Table 2

The content of TNFR, CD3+CD95+ and dopamine in children with the manifestations
of "polar stress syndrome"

Indicat Reference |Observation group| Comparison
ndieator interval (n=136) group p
TNFR, % 1-3 5.703£0.683* 3.842+0.586 | 0.001
CD3+CD95+-lymphocytes, % 15-25 25.755+0.967 22.900+0.916 | 0.032
Dopamine, pg/cm? 5.6 - 44 59.358+2.133* 36.945+5.899 | 0.001

Note: * - differences with the reference level are significantly significant (p<0.05).
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of tumor necrosis factor receptor TNFR
in relation to the comparison group and
the reference interval (p<0.05). The
physiological meaning of the lymphocyte
apoptosis excess in extreme climato-
geographic conditions in the circumpolar
territory is associated with cell life cycle
acceleration and cellular phenotypes
changes, reflecting the need to compen-
sate for energy losses and maintain the
cytokine profiles stability, which is accom-
panied by immunoregulatory stress in the
form of immunosuppression [9, 10].

The results of a comparative analy-
sis of the TNFR, CD3*CD95* and dopa-
mine production levels in children with
different polymorphic variants of the
ANKK1/DRD2 (rs1800497) and TNF
(rs1800629) genes demonstrate similar
trends in these indicators for the iden-
tified polymorphic markers both in the
general sample (n=717) and in isolation
in the observation group (n=136) and in
the comparison group (n=581) (Fig. 1,
2). In children with TT-genotype of the
ANKK1/DRD2 (rs1800497) gene and
GG-genotype of the TNF (rs1800629)
gene in the general sample and in the
compared groups, a significant increase
in the content of dopamine, TNFR and
CD3*CD95*-lymphocytes was found in
relation to the carriers of CC-genotype
of ANKK1/DRD2 (rs1800497) gene and
AA-genotype of TNF (rs1800629) gene in
the same groups (p<0.05). It shows signs
of a possible genetic predisposition to the
neuroimmune profile changes character-
izing the northern stress development, in-
cluding in the population of 56 ° n.l., but to
a lesser extent. It was found that TNFR,
CD3*CD95* and dopamine production
levels in children with TT-genotype of the
ANKK1/DRD2 (rs1800497) gene and the
GG-genotype of the TNF (rs1800629)
gene in the observation group signifi-
cantly exceeds similar values shown in
children with the same genotypes in the
comparison group and in the general
sample (p<0.05). The revealed maximum
values of TNFR, CD3*CD95* and dopa-
mine content in the carriers of TT-geno-
type of ANKK1/DRD2 (rs18004976) gene
and GG-genotype of TNF (rs1800629)
gene in the observation group confirm
that the living conditions extremity imple-
ments a genetically determined neuro-
immune mechanism for the "polar stress
syndrome" formation in children.

The immune and nervous systems
work in constant interaction, providing
a body homeostasis in changing envi-
ronmental conditions. Thus, dopamine
specifically bound to receptors acts as
an immune coregulator, ensuring the re-
lationship not only between neurons, but
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Fig. 1. Changes in the production of TNFR, CD3+CD95+ and dopamine in children with different
genotypes of the ANKK1/DRD2 gene (rs1800497)
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Fig. 2. Changes in the production of TNFR, CD3+CD95+ and dopamine in children with different

genotypes of the TNF gene (rs1800629)

also between immunocytes. Human pe-
ripheral blood lymphocytes express do-
pamine receptors and transport proteins,
synthesize endogenous dopamine and
related catecholamines — epinephrine
and norepinephrine. When dopamine
binds to specific D2 and D3-receptors,
it leads to an integrin-dependent che-
motaxis activation, selective adhesion
to the intercellular matrix and increased
cytotoxic CD8*-lymphocytes migration,
as well as signs of proinflammatory cyto-
kines (TNFa and IFNy) hyperproduction
[8, 11]. It is believed that dopamine-in-
duced cytotoxicity is not associated with
receptor activation and it manifests itself
through spontaneous oxidation, lead-
ing to programmed lymphocyte death
caused by oxidative stress, which signs
are observed in examined children with
"polar stress syndrome" [7].
Conclusion. The genetic profile of
children with the "polar stress syndrome"
living in the circumpolar territory is char-
acterized by an increased frequencies
of the T-allele and TT-genotype of the
ANKK1/DRD2 (rs18004976) gene, as
well as the G-allele and GG-genotype
of the TNF (rs1800629) gene associat-
ed with an increase in TNFR, CD3*C-
D95*-lymphocytes and dopamine relative
to the reference level and the comparison
group (p<0.05). It indicates the signs of
excessive cell death and chronic inflam-

mation as manifestations of the immune
mechanism for the formation of acute
stress reactions associated with dopa-
mine-induced hypersympathicotonia.
TNFR, CD3*CD95* and dopamine ex-
pression variability in the general sam-
ple, in the observation group and in the
comparison group is characterized by a
significant increase in the level of their
production in the TT-genotype carriers
of ANKK1/DRD2 gene (rs18004976)
and in the GG-genotype carriers of the
TNF (rs1800629) gene relative to the
CC-genotypes of the ANKK1/DRD2
(rs1800497) gene and AA-genotypes of
TNF (rs1800629) gene in all analyzed
samples (p<0.05). It demonstrates the
contribution of genetic polymorphism to
the formation of "polar stress syndrome".
The revealed maximum values of TNFR,
CD3+CD95+ and dopamine in the
TT-genotype carriers of ANKK1/DRD2
(rs18004976) gene and GG-genotype
carriers of TNF (rs1800629) gene in the
observation group confirm the combined
contribution of genetic predisposition and
living conditions in the circumpolar terri-
tory to the formation of "polar stress syn-
drome" in children.
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