The founder
The Yakut Science Centre
of Complex Medical Problems

Editor- in- chief
Romanova A.N., MD

Editorial team:

deputy. ch. editor and responsible. secretary
Popova T.E., MD,

scientific editor

Burtseva T.E., MD

Editorial Council:

Aftanas L.l., MD, Professor, acad. RAMS
(Novosibirsk)

Voevoda M.l., MD, Professor, Corresponding
Member RAMS (Novosibirsk)

Ivanov P.M., MD, Professor (Yakutsk)

Kryubezi Eric, MD, Professor (France)
Maksimova N.R., MD (Yakutsk)

Nelson Debora, MD, Professor (USA)

Odland John, MD, Professor (Norway)

Puzyrev V.P., MD, Professor, Acad. RAMS (Tomsk)
Reutio Arya, MD, PhD, Professor (Finland)
Sleptsova S.S., MD, Professor (Yakutsk)
Fedorova S.A., Doctor of Biology (Yakutsk)
Husebek Anne, MD, Professor (Norway)
Khusnutdinova E.K., Doctor of Biology,
Professor (Ufa)

Chasnyk V.G., MD, Professor (Saint Petersburg)

Editors:

Chuvashova LI,
Kononova S.I.,

(aHrn.n3.) Poselskaya N.V.

Computer design
Sannikova M.I. (English)

Address:

677000, Yakutsk, Yaroslavsky, 6/3,
Phone: (4112) 31-9394,

e-mail: yscredactor@mail.ru
ymj-red@mail.ru

http: // www.ymj.mednauka.com

The articles are given
in the authors’ translation

© YSC CMP, 2022

ISSN 1813-1905 (print)
ISSN 2312-1017 (online)

4(80) 2022

YAKUT MEDICAL JOURNAL

YW\

YAKUT
MEDICAL
JOURNAL

SCIENTIFIC - PRACTICAL JOURNAL
OF THE YAKUT SCIENCE CENTRE OF COMPLEX
MEDICAL PROBLEMS

Published since 2003
Quatrterly

Registered by the Office of the Federal Service on
supervision in the field of communications, information
technologies and mass communications in the Republic
Sakha (Yakutia) December 13/2016

Registration number Pl No.TU 14-00475

Subscription index: 78781
Free price

« Yakut Medical Journal» is included in:

the approved by the Higher Attestation Commission of the Russian
Federation List of leading peer-reviewed scientific journals and publications,
in which the main scientific results of dissertations for the acquisition

of scientific degrees of Doctor and Candidate of science on biological
sciences and medicine should be published

the Russian Scientific Citation Index

the international directory system under periodic and proceeding editions
“Ulrich’s International Periodicals Directory”

the International Citation Base "Web of Science"



. YAKUT MEDICAL JOURNAL

CONTENTS

Original research

5 BarashkovN.A, Cherdonova A.M., Solovyov A.V., Pshennikova V.G.,
Teryutin F.M., Romanov G.P., Fedorova S.A.
Analysis of the frequency of heterozygous carriage of six mutations of
autosomal recessive diseases among Russian old-settlers of Yakutia
Q Borisova T.V., Pshennikova V.G., Teryutin F.M., Solovyov A.V,,

Romanov G.P., Fedorova S.A., Barashkov N.A.
Estimation of the mutation age ¢.1621C>T p.(GIn541%) in the FYCO1
gene responsible for the development of autosomal recessive congenital
cataract in the Yakut population

12 Zamorshchikova O.M., Sleptsova S.S., Maksimova N.R., Danilova A.L.
Sleptsov S.S., Petrova L.I.
Analysis of interferon gene polymorphism in patients with HDV infection
in the Republic of Sakha (Yakutia)

16 Nikanorova A.A., Barashkov N.A., Pshennikova V.G., Gotovtsev N.N.,
Romanov G.P., Solovyov A.V., Fedorova S.A.
Association of polymorphic variant rs1800849 of the UCP3 gene with
deficit and excess of body weight in the Yakut population

20 Cherdonova A.M., Barashkov N.A., Teryutin F.M., Pshennikova V.G.,
Borisova T.V., Nikanorova A.A., Solovyov A.V., Romanov G.P,,
Fedorova S.A.
A novel mutation in the COL4A5 gene in the Yakut family with Alport
syndrome

23 Polina M.L., Vityazeva l.I., Zakharova P.N., Douglas N.I.
Features of the endometrial microbiome of infertile women and its effect
on the viability of the "implantation window" phase

28 Zagorodnyaya E.B., Suvyrina M.B., Zagorodny A.S., Yurkevich A.V.,
Ushnitsky I.D.
Intensity of local processes of free radical oxidation in red lichen planus
of the oral mucosa

Diagnostic and Treatment Methods

30 Avetisov S.E., Surnina Z.V., Avetisov K.S., Ndari M., Georgiev S.,

Lutskan I.P.
The condition of the corneal nerve fibers after extracapsular cataract
extraction

33 PaviovaA.V,, Asekritova A.S., Kylbanova E.S., Tatarinova O.V.,
Shakhtschneider E.V.

Familial hypercholesterolemia with molecular genetic confirmation in the
Republic of Sakha (Yakutia)

36 Teryutin F.M., Pshennikova V.G., Romanov G.P., Solovyov A.V,,
Klarov L.A., Lebedeva N.A., Barashkov N.A.
Analysis of hearing thresholds in patients with hearing impairments
associated with mutations of the GJB2 gene (Sh26) in Buryatia

Healthy Lifestyle. Prevention
39 Pavlova N.I., Bochurov A.A., Krylov A.V., Alekseev V.A.
Association of polymorphisms of the genes HTR2A and 5-HTT with

smoking in Yakuts

Organization of Healthcare,
Medical Science and Education

43 Davydova TK., Kononova S.K., Savvina N.V., Schneider N.A.

Bioethical issues in the organization of specialized medical care for
patients with motor neuron disease in the Republic of Sakha (Yakutia)




4 2022 ALY B

47 Afanasyeva L.N., Klimova T.M., Alexandrova O.Yu., Kogonia L.M.,
Nikolaeva T.I., Belolyubskaya T.E., lvanova F.G., Nikiforov P.V.,
Leznev V.N., Tikhonova M.I.

Screening of malignant neoplasms in the population of the Republic of
Sakha (Yakutia)

Hygiene, Sanitation, Epidemiology
and Medical Ecology

5(Q Sofronova S.I., Romanova A.N.
Characteristics of pathological lesion of the working population
of the Southern zone of Yakutia

54 Ivanov PM., Abramov A.F., Golderova A.S., Maksimov A.V.,
Kirillina M.P.
Hydrochemical factors and malignant neoplasms of the urinary system
organs in residents of the Prilensky zone of Yakutia

57 Olesova L.D., Yakovleva A.l., Okhlopkova E.D. Sofronova S.I.,
Popova T.E., Romanova A.N.
Biochemical parameters of the blood of the population in the zone of
increased natural radioactivity

62 Bayanova T.A, Zaikova Z.A., Arkhincheeva D.A., Karpova L.V.,
Rybalko M.V.
HIV infection as a cause of disability of the population

Topical Issue

65 Vasneva Zh.P.,, Borodulina E.A., Borodulin B.E., Vdoushkina E.S.,
Sukhanova A.E.
Peripheral blood cellular immunity parameters in COVID-19

67 Kliimova TM., Kuzmina A.A., Turkebaeva LK., Malogulova |.Sh.
Excess mortality during the COVID-19 pandemic (2020-2021) in the
Republic of Sakha (Yakutia)

71 Popova T.E., Okhlopkova E.D., Tappakhov A.A., Efremova S.D.,
Varlamova M.A., Romanova A.N.
The influence of herpes family viruses on the course of novel
coronavirus infection

74 YakovlevaA.l, Olesova L.D., Okhlopkova E.D.
Lipid imbalance in Yakutsk residents when infected with the SARS-
CoV-2 virus and in the post-covid period

78 Okhlopkova E.D., Alekseeva Z.N., , Konstantinova L.I., Efremova S.D.,
Yakovleva A.l.
Neurosteroid hormones and psycho-emotional state of indigenous men
of Yakutia

Arctic Medicine

82 Gubkina L.V., Samodova A.V., Dobrodeeva L.K., Balashova S.N.,
Pashinskaya K.O.
Features of cellular and humoral immune reactions in the inhabitants of
the European North and the Arctic

86 Pshennikova V.G., Teryutin F.M., Romanov G.P., Solovyov A.V.,
Barashkov N.A.
Alocal focus of accumulation of the mitochondrial form of hearing loss
in Even-Bytantaysky district of Yakutia

Scientific Reviews and Lectures

9(Q Romanov G.P,, Barashkov N.A.
The role of assortative marridges among deaf in the prevalence
of hereditary hearing loss

A A A A A A A A A A A A I A AN NI LA AL
I IDHOT GUEITE TETOE OO0 GETDIT TOEOT TEDOEE IETEE FOOUE IO TR FHE

b i e R P R e e P i e e P i i i P i e e P S e P P T e e e P P e i e P T e e i e e it i e i i R i e e iy ]




. YAKUT MEDICAL JOURNAL

94 Markelov V. A., Danilko K. V.
The role of neuropilin-1 (NRP1) in the development
of SARS-CoV-2 infection

Point of View

Q7 Kononova I.V.,, Mamaeva S.N., Alekseev V.A.
Detection of beta-globin genes in the erythrocyte fraction in a patient
with cervical cancer

101 Kononova S.K.
Issues of translational medicine in the field of molecular genetic
research in Yakutia

105 Nakhodkin S.S., Barashkov N.A., Kazantseva A.V., Pshennikova V.G.,
Nikanorova A.A., Khusnutdinova E.K., Fedorova S.A.
Relationship of personality traits and stress with functioning of the
hypothalamic-pituitary-adrenal axis

Clinical Case

109 Konstantinova V.M., Govorova I.P., Douglas N.I., Alekseeva S.N.,
Egorova V.B., Gotovtseva L.V.
A case of ultrasound diagnostics of non-compact myocardium

112 Korostelev A.S., Zhirkov S.N., Bulatov A.V., Loskutova K.S.,
Tomskaya T.Yu., Filippov A.R., Potapov A.F., Ivanova A.A.
Thrombotic complications associated with novel coronavirus infection
COVID - 19

116 Sidorova O.G., Sleptsov A.N., Loskutova K.S.
Early ultrasound prenatal diagnosis of lower occipital craniocerebral
hernia at 13/3 weeks of pregnancy

118 Protopopova N.N., Andreeva O.V., Kondratieva S.A., lvanova O.N,,
Evseeva S.A., Burtseva T.E. A clinical case of partial red cell aplasia
in a 2-year-old child

120 Khabarova Y.1., Tappakhov A.A., Popova T.E.
Difficulties in diagnosing Parkinson's disease with dementia and
dementia with Lewy bodies in clinical practice

A TN A A o A TN A Py A A AN TN NN PPN INTA PN PN PP T NPt PP TP

I _THE iy G e G e T G TTEEE VL T (T

N0 0 O B S T 5 S 0 T L B O s B T B e e B LN A A B W N e T S S M




ORIGINAL RESEARCH

DOI 10.25789/YMJ.2022.80.01
YOK 575.1

vl YW

N.A. Barashkov, A.M. Cherdonova, A.V. Solovyoy,
V.G. Pshennikova, F.M. Teryutin, G.P. Romanov, S.A. Fedorova

ANALYSIS OF THE FREQUENCY OF
HETEROZYGOUS CARRIAGE OF SIX
MUTATIONS OF AUTOSOMAL RECESSIVE
DISEASES AMONG RUSSIAN OLD-
SETTLERS OF YAKUTIA

Among the populations of Eastern Siberia, the Russian old-settlers of the village of Russkoe Ustye (Allaikhovsky district of Yakutia) occupy a
special place: their origin is relations with people from the old possessions of Novgorod the Great (presumably around 1570). The investigation
of the hypotheses of the origin of the people of Russkoe Ustye, are of considerable scientific interest for the study of the colonization process
of Northern Eurasia. In this study analysis of the carrier frequency of the six mutations responsible for autosomal-recessive diseases in 30
unrelated individuals from the village of Russkoye Ustye was performed. In the population of the Russkoe Ustye we did not find any heterozygous
mutations, which are the cause of phenylketonuria (0/30), Wilson disease (0/30), congenital cataract (0/30), progressive deafness (0/30), and
methemoglobinemia (0/30). In this Siberian population with a carrier frequency of 6.7%, the ¢.35delG mutation of the GJB2 gene (2/30) responsible
for autosomal recessive deafness 1 A was detected. The absence of local East-Siberian variants of founder mutations associated with congenital
cataract, progressive deafness, and methemoglobinemia, which are prevalent among Turkic-speaking Yakuts, indicates that this Turkic component
in population of Russkoe Ustye is absent or represented to a small extent. Increasingly, than the Turkic component in the in population of Russkoe
Ustye is represented a common West-Eurasian component, as indicated by the presence of the ¢.35delG mutation of the GJB2 gene, which is

common in Europe.

Keywords: Russkoe Ustye, carrier frequency, Wilson disease, phenylketonuria, congenital deafness, congenital cataract, juvenile deafness,

methemoglobinemia.

Introduction. Among the populations
of Eastern Siberia, the Russian old-set-
tlers of the village of Russkoe Ustye
(Allaikhovsky district of Yakutia) occupy
a special place: their origin is relations
with people from the old possessions of
Novgorod the Great (presumably around
1570), who fled from the persecution
of the guardsmen of Ivan the Terrible.
However, in chronicles the first mention
of the village dates back to 1638, it was
in this year that a Cossack detachment
led by the Tobolsk Cossack Ivan Rebrov
opened the sea route to Indigirka [6]. To
date, there are several versions of the
origin of the residents of Russkoe Ustye
their ancestors could be either Novgoro-
dians who fled from the oprichnina of
Ivan the Terrible, or descendants of Cos-
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sacks and industrial people (in particular,
from the village of Pokhodsk, it was from
this village that Cossack explorers began
their campaigns to meet with non-peace-
ful Chukchi), or settlers from the city of
Zashiversk, liquidated by a royal decree
in 1805 [1, 3]. Hypotheses of the origin
of the people of Russkoe Ustye, are of
considerable scientific interest for eth-
nography, history, anthropology and the
study of the processes of settlement of
Northern Eurasia.

In addition to the generally accepted
archaeological and ethnographic ap-
proaches, of molecular genetics methods
have become widely used in recent years
to resolve the issues of the origin of indi-
vidual ethnic groups and restore the evo-
lutionary history of various regions. The
study of the gene pool of populations can
include both classical markers based on
typing of paternal (Y-chromosome) and
maternal lines (MtDNA) and analysis of
autosomal markers. From the autoso-
mal markers, one of the most interesting
markers is mutations of autosomal reces-
sive diseases, which are characterized
by the founder effect. An analysis of the
carrier frequency of founder mutation to
some extent allows us to characterize the
relationship with certain migration pro-
cesses of the past, and can be used in
the study of the population genetic clus-
ter of autosomal markers. On the other
hand, the analysis of the carrier frequen-
cy of hereditary diseases is important

for assessing the burden of hereditary
diseases, and can be applied in clinical
genetics and the epidemiology of heredi-
tary diseases.

In this regard, the aim of this work was
to analysis of the carrier frequency of six
major founder mutations responsible for
the occurrence of autosomal recessive
diseases in the population of Russkoye
Ustye.

Material and methods. Genomic
DNA of 30 unrelated individuals from the
village of Russkoye Ustye (Allaikhovsky
District of Yakutia) was isolated using
phenol-chloroform extraction with in-
formed written consent of all participants
of this study. Amplification of the desired
fragments was carried out by polymerase
chain reaction (PCR) on a programma-
ble thermal cycler BioRad T100 Thermal
Cycler (Bio-Rad Laboratories, Inc., USA)
using the original sequences of oligonu-
cleotide primers. Methods for detecting
major mutations that are the main cause
of six autosomal recessive diseases are
presented in Table 1.

Brief description of investigated auto-
somal recessive diseases.

Phenylketonuria (OMIM 261600) is an
autosomal recessive disease associat-
ed with impaired activity of the enzyme
phenylalanine-4-hydroxylase [12], which
normally catalyzes the conversion of
phenylalanine to tyrosine. If left untreat-
ed (excludes phenylalanine from the
diet), it leads to the accumulation of phe-
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nylalanine and its toxic products, which
affect, among other things, the central
nervous system (phenylpyruvic oligo-
phrenia). A decrease in the enzymatic
activity of phenylalanine-4-hydroxylase
is associated with homozygous and com-
pound-heterozygous mutations in the
PAH gene mapped at the locus 12g23.2
(NC_000012.12) causing this disease,
which has spread widely in Europe as a
result of the founder effect. Kalaydjieva
et al (1991) found this mutation at high
frequency in Bulgaria, Lithuania and Ger-
many, where it was found in a common
haplotype (haplotype-2). The c.1222C>T
p.(Arg408Trp) mutation frequency exhib-
ited a downward gradient from East to
West, suggesting that its distribution is
associated with the Balto-Slavic popu-
lation of Eastern Europe [17]. The main
reasons for this east-west gradient may
reflect the migrations of early Slavic or
Germanic peoples in the middle of the
first millennium AD [9]. Another haplotype
with this mutation was found in Northern
Europe (with accumulation in Ireland)
[10]. However, subsequent analysis of
VNTR polymorphisms suggest of com-
mon founder haplotype in chromosomes
with ¢.1222C>T p.(Arg408Trp), and its
divergence is probably associated with
early recombination and subsequent mi-
grations in Europe [10].

Wilson disease (OMIM 277900) is an
autosomal recessive disease character-
ized by accumulation of intracellular cop-
per in the liver with subsequent hepatic
and neurological disorders caused by
homozygous or compound heterozygous
mutations in the ATP7B gene mapped at
the 13914.3 locus (NC_000013.11). The
most common cause of Wilson's disease
in Europe was the ¢.3207C>A p.(His-
1069Gin) variant of the ATP7B gene. Pre-
sumably, this pathogenic variant arose as
a result of a very ancient single mutation-
al event on the territory of modern Eu-
rope [2,16]. The subsequent distribution
of the variant ¢.3207C>A p.(His1069GIn)
in the vector from northeast to southwest
across Europe from the center of settle-
ment in the territory between the Vistula
and Elbe rivers in the 5th-6th centuries
associated with West Slavic tribes [13].

Autosomal recessive deafness type
1A (OMIM 220290) is the most common
form of hearing loss in most populations
of the world. This form of the disease is
caused by biallelic mutations in the ho-
mozygous or compound-heterozygous
state in the GJB2 gene (NC_000013.11)
encoding the gap junction protein con-
nexin 26 (Cx26). The ¢.35delG mutation
accounts for up to 70% of all patholog-
ical GJB2 alleles in Caucasians from

Table 1

wt/wt 239/27
wt/mut 266/239/27
wt/wt 30/418
wt/mut 448/418/30
mut/mut 448
wt/wt 258
wt/mut 293/258
mut/mut 293
wt/wt 303/34
wt/mut 334/303/34
Mut/mut 334
wt/wt 306/31
wt/mut 337/306/31
Mut/mut 337

Mut/mut 266
wt/wt 59/73/217

CCTC(N)71 / GGAG(N)6| | wt/mut 59/73/217/297
Mut/mut 297/59

Size after restriction

Mnl 1
Bsc4d 1
CCNNNNN1TNNGG / GGN-
Dra Ill
CACNNNTGTG/ GTG|N-
NNCAC
PexxeT mpu HOpMe

/303 1
CCGC1GG / GGLCGCC

Restriction ferment
Pct 1
Pexer npu HOpMeE
Bsc4 1
CCNNNNNTNNGG
GG|NNNNNCC
Pexer npu HOpME
N|NNNNNCC

GAATGCN? / CTTAC|GN

Size of PCR-
product
(bp)
266
48
293
5
3
337

Primers sequencing
F: TTGGCCTGCCGGAGCTCTT
R: AGTGACCTGGAGGAGCAGAAGAAGCAGCGCATT
F: CCTCAGTTGCCACATCTGTAA
R: TCATGGGTGGGGGGCCACACATCAGCACCCG
F: CGTCATCTCAGCCGGGATATCATAGTTGCG
R: TGCTGGTATCATGGGAACTCCA
F: TCCAAATGGTGCCCTTCAC
R: GGACACAAGGGTAATTCTGACCT
F: ACTCAGGTGAACAAGCTACT
R: TCTTTCCAATGCTGGTGGAGTGTTTGTTCCCA
F: ACCCTGAGATTGAACGACAGA
R: CTTTACAGTATTTGGTGACTGCCACGCCCACG

¢.806C>T

CYBS5R3 | p.(Pro269Leu)

Methods for detecting major mutations, which are the main cause of six autosomal recessive diseases
Mutation

c.1621C>T
p-(GIn541%)
c.1121G>A
(p-Trp374*)
c.1222C>T
p-(Arg408Trp)
c.35delG
p-(Gly12fs)
¢.3207C>A

ATP7B | p.(His1069GIn)

Gene
FYCOI
CLICS5

PAH

GJB2

Disease (OMIM)
Congenital cataract
(610019)
Methemoglobinemia
(613213)
Progressive deafness
(607293)
Phenylketonuria
(261600)
Autosomal-recessive
deafness 1 A (220290)
Wilson disease
(277900)

Note: A mismatch substitution in the primer sequence is indicated by an underscore; wt/wt — norma, wt/mut — heterozygote, mut/mut — homozygote.




northern and southern Europe and North
America, while the -carrier frequency
ranges from 1.3% to 2.8% [11]. It has
been shown that the high frequency of
c.35delG in the GJB2 gene in popula-
tions of European origin is the result of
the founder effect [7].

Methemoglobinemia (OMIM 250800)
is a rare autosomal recessive disease
caused by a deficiency in the methemo-
globin repair system, which is caused
by homozygous or compound het-
erozygous mutations in the CYB5R3
gene mapped on chromosome 22q13.2
(NC_000022.11). Clinically, methemo-
globinemia is manifested by headaches,
dizziness, and shortness of breath,
tachycardia, fatigue, and drowsiness,
possibly a lag in physical and mental
development as a result of constant ce-
rebral hypoxia. In Yakutia, a missense
substitution ¢.806C>T p.(Pro269Leu) of
the CYB5R3 gene, unique for this region,
was identified [14]. Based on the analy-
sis of haplotypes, the assumption of the
existence of a founder effect for this dis-
ease was confirmed; the estimated age
of distribution of the detected mutation
was 285+135 years, which explains the
high prevalence of this disease (1:1250)
in this region of Siberia [14].

Congenital cataract (OMIM 607182) is
the leading cause of vision loss in children
worldwide, as it leads to clouding of the
lens, which can therefore lead to various
visual impairments, including complete
loss of vision [15]. In Yakutia, a nonsense
mutation ¢.1621C>T p.(GIn541%) specific

to Eastern Siberia was found in exon 8 of
the FYCO1 gene (3p21.31, NC_000003)
(involving in controlling of autophagy pro-
cess), which leads to a premature stop
codon and in the homozygous state is the
main cause of congenital cataract (86%
all cases of congenital cataract) [8]. Re-
construction of mutant STR-haplotypes
with ¢.1621C>T indicates that the expan-
sion of ¢.1621C>T (p.GIn541*) carriers
in Eastern Siberia occurred as a result
of the founder effect about 260+65 years
ago [8].

Progressive deafness (OMIM 607293)
is the second most common cause of
hearing loss in Yakutia, after autoso-
mal recessive deafness type 1 A, and
is caused by the specific homozygous
mutation ¢.1121G>A (p.Trp374*) of the
CLIC5 gene (6p21.1, NC_000006.12).
This transition leads to the formation
of a premature stop codon at the 374th
amino acid position (p.Trp374*), which
terminates the synthesis of the polypep-
tide chain of the CLIC5 protein. Most pa-
tients with this form of the disease noted
a late onset of hearing loss that occurred
in the postlingual period (after acquiring
speech skills) [4]. Haplotype analysis in-
dicates that the c.1121G>A (p.Trp374*)
mutation most likely spread as a result
of the founder effect, mainly in the Arc-
tic regions, among the Paleo-Asiatic,
Tungusic and Turkic peoples of Yakutia,
approximately in the middle of the 18th
century [5].

Results and discussion. Among 30
unrelated individuals from the Russkoy
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Ustye, the analyses of carrier frequency
of six major mutations causing of Mende-
lian diseases with autosomal-recessive
pattern of inheritance was performed
(Table 2). Three diseases (congenital
cataract, progressive deafness, and
enzipopenic methemoglobinemia) are
associated with local variants of muta-
tions that are common only in Eastern
Siberia, mainly among Turkic-speaking
peoples, and to a lesser extent among
Tungus-speaking peoples, which is due
to the founder effect [5,8,14]. The other
three diseases (phenylketonuria, Wilson
disease, and autosomal recessive deaf-
ness type 1A) are associated with com-
mon West-Eurasian variants that spread
as a result of the founder effect, mainly
during in the Neolithic period [2, 7, 9, 10,
13, 17].

As a result, of the six tested diseases,
heterozygous c¢.35delG mutation in the
GJB2 gene was detected in two individ-
uals (Table 2). The carrier frequency of
the ¢.35delG mutation of the GJB2 gene
in the population of Russkoy Ustye was
6.7% (2/30). The c.35delG mutation leads
to stop codon in the coding exon 2 of the
GJB2 gene, which leads to termination of
the translation of the polypeptide chain of
the connexin 26 protein. The expansion
of this mutation was causing by common
founder effect, and its approximate age
was estimated at 10,000 years [7]. The
initial center of distribution of this muta-
tion probably is the territory of the Middle
East, from where, during the Neolithic
period, it was brought to Europe through

Table 2

The carrier frequency of major mutations of six autosomal recessive diseases in residents

of the village of Russkoye Ustye

o . . Common origin / Carrier
Ne Disease (OMIM) Gene Mutation «age» of mutation frequency
Eastern-Siberian variants of mutations
Congenital cataract c.1621C>T Founder effect in Yakut population /
1 (610019) Frcol p.(GIn541%) 250 years [8] 0/30
2 Progressive deafness CLICS c.1121G>A Founder effect in Yakut, Even and Evenk 0/30
(607293) p-(Trp374%) populations / 350 years [5]
Methemoglobinemia ¢.806C>T D dexT ocHOBATENS B MOMYISALUH IKYTOB /
3 (613213) CYBIR3 p.(Pro269Leu) 285 nier [14] 0/30
West-Eurasian variants of mutations
4 Phenylketonuria PAH c.1222C>T West-Eurasian common founder effect [17]/ 0/30
(261600) p-(Arg408Trp) the first millennium AD [9]
. . West-Eurasian common founder effect [13]/
5 W‘};‘;r;g(‘)%e)ase ATPB7 (clﬁ%géﬁn) 12,000 - 13 000 years [16] 0/30
p- and 1600 years [13]
Autosomal-recessive c.35delG West-Eurasian common founder effect /
6 | deafness 1 A (220290) GJB2 p.(Gly12fs) 10 000 years [7] 2/30 (6.7%)




. YAKUT MEDICAL JOURNAL

the Mediterranean Sea, and then, togeth-
er with subsequent waves of migrations,
spread to the territory of North and South
America and Australia [7 ]. This study
shows that this mutation is also found on
the Arctic coast of Eastern Siberia among
Russian old-settlers.

Conclusions

1) In the population of Russkoe
Ustye we did not find major mutations
that cause phenylketonuria (0/30), Wil-
son disease (0/30), congenital cataract
(0/30), progressive deafness (0/30) and
methemoglobinemia (0/30). With a carri-
er frequency of 6.7% the ¢.35delG mu-
tation of the GJB2 gene (2/30), causing
of congenital autosomal recessive deaf-
ness type 1 A was found.

2) The absence of local East-Si-
berian variants of founder mutations
associated with autosomal recessive
diseases, which are prevalent among
Turkic-speaking Yakuts, indicates that
this Turkic component in population of
Russkoe Ustye is absent or represented
to a small extent. Increasingly, than the
Turkic component in the in population of
Russkoe Ustye is represented a common
West-Eurasian component, as indicated
by the presence of the c¢.35delG muta-
tion of the GJB2 gene, which is common
in Europe.

This work supported by RFBR grant
No. 19-34-60023.

Reference

1. Alekseev A.N. Pervye russkie poseleniia
XVII-XVIII vv na severo-vostoke |Akutii [The first
Russian settlements of the 17th-18th centuries.
in the north-east of Yakutia]. RAN Sibirskoe
otdelenie Institut arkheologii i etnografii [RAS
Siberian Branch Institute of Archeology and
Ethnography. Executive editor V.E. Larichev.

Novosibirsk, 1996: 151 (In Russ.).] ISBN 5-7803-
0011-9.

2. Bayazutdinova G.M., Shchagina O.A.,
Polyakov A.V. Mutatsiia s 3207C A gena AT-
P7B - naibolee chastaia prichina gepatolenti-
kuliarnoi degeneratsii v Rossii chastota i pri-
china rasprostraneniia [Mutation ¢.3207C>A of
the ATP7B gene is the most common cause of
hepatolenticular degeneration in Russia: fre-
quency and cause of distribution]. Meditsinskaia
genetika [Medical genetics. 2018; 17(4):25-
30 (In Russ.).] https://doi.org/10.25557/2073-
7998.2018.04.25-30

3. Nikitina S.E. Russkie arkticheskie
starozhily Respubliki Sakha IAkutiia problemy
sokhraneniia unikalnoi kultury [Russian Arctic
old-timers of the Republic of Sakha (Yakutia):
problems of preserving a unique culture]. Russ-
kie arkticheskie starozhily IAkutii [Russian Arc-
tic old-timers of Yakutia: Collection of scientific
articles. Yakutsk: IGIIPMNS, 2019: 16-33 (In
Russ.).]

4. Pshennikova V.G., Romanov G.P., Niko-
laeva T.M. [et al]. Novaia nonsens-mutatsiia
s 1121G A p Trp374 gena CLIC5 - osnovna-
ia prichina iuvenilnoi autosomno-retsessivnoi
formy glukhoty DFNB103 ochagi nakopleniia
kotoroi obnaruzheny v arkticheskikh raionakh
IAkutii [Novel nonsense mutation c.1121G>A
(p.Trp374*) of the CLIC5 gene is the main cause
of juvenile autosomal recessive form of deaf-
ness (DFNB103), the foci of accumulation of
which were found in the Arctic regions of Yaku-
tia]. Meditsinskaia genetika [Medical genetics.
2019; 18(10): 36-48 (In Russ.).]

5. Barashkov N.A., Borisova T.V., Gerasimo-
va A.A. [et al.]. Rekonstruktsiia gaplotipa-os-
novatelia s mutatsiei ¢ 644G A p Trp215 gena
CLIC5 privodiashchei k iuvenilnoi autosom-
no-retsessivnoi glukhote DFNB103 v IAkutii
[Reconstruction of the founder haplotype with
the c.644G>A p.(Trp215*) mutation of the CLIC5
gene leading to juvenile autosomal recessive
deafness (DFNB103) in Yakutia]. Meditsinskaia
genetika [Medical genetics. 2021, 20 (7): 3-14
(In Russ.).]

6. Chikachev A.G. Russkoe serdtse Arktiki
[Russian heart of the Arctic]. Literaturnyi fond
Yakutsk: Literary Fund, 2010; 478 (In Russ.).]

7. A common founder for the 35delG GJB2
gene mutation in connexin 26 hearing impair-
ment. / L. Van Laer, P. Coucke, R. F. Mueller [et

al.]. Journal of medical genetics. 2001; 38 (8):
515-8.

8. Autosomal recessive cataract (CTRCT18)
in the Yakut population isolate of Eastern Sibe-
ria: a novel founder variant in the FYCO1 gene
IN.A Barashkov, F.A. Konovalov, T.V. Borisova
[et al.] // Eur J Hum Genet. 2021;29(6):965-976.
doi: 10.1038/s41431-021-00833-w.

9. Eisensmith, R.C. Molecular Genetics of
Phenylketonuria: From Molecular Anthropology
to Gene Therapy / R.C. Eisensmith, and S.C
Woo // Advances in Genetics. 1995; 32: 199-271

10. Genetic diversity within the R408W phe-
nylketonuria mutation lineages in Europe. / O.
Tighe, D. Dunican, C.O'Neill [et al] / Hum. Mutat.
2003; 21:387-393

11. High carrier frequency of the 35delG
deafness mutation in European populations /
P. Gasparini, R. Rabionet, G. Barbujani [et al.]
/I European Journal of Human Genetics. 2000;
8(1): 19-23.

12. Molecular genetics of tetrahydrobiopter-
in-responsive phenylalanine hydroxylase defi-
ciency. / M.R. Zurfluh, J. Zschocke, M. Lindner
[et al]. // Hum. Mutat. 2008; 29: 167-175.

13. Mutation analysis of the ATP7B gene and
genotype/phenotype correlation in 227 patients
with Wilson disease / S.Vrabelova, O. Letocha,
M. Borsky [et al] // Molecular Genetics and Me-
tabolism. 2005; 86: 277-285.

14. Population frequency and age of
¢.806C>T mutation in CYB5R3 gene as cause
of recessive congenital methemoglobinemia
in Yakutia. / N.M. Galeeva, M.I. Voevoda, M.G.
Spiridonova [et al] // Genetika. 2013; 49(4): 523-
30. Russian. doi: 10.7868/s0016675813030065.
PMID: 23866629.

15. Robinson, G. Congenital ocular blindness
in children, 1945 to 1984 / G. Robinson, J. Jan,
C. Kinnis. // American Journal of Diseases of
Children. 1987; 141(12): 1321-1324. doi:10.1001/
archpedi.1987.04460120087041

16. Separating the post-Glacial coancestry
of European and Asian Y chromosomes wit-hin
haplotype R1a. / P.A Underhill, N.M. Myres, S.
Rootsi [et al.] // Eur J Hum Genet. 2010; 18(4):
479-484

17. Silent mutations in the phenylalanine
hydroxylase gene as an aid to the diagnosis of
phenylketonuria / L. Kalaydjieva, B. Dworniczak,
C. Aulehla-Scholz [et al] // J. Med. Genet. 1991;
28:686-690.



DOI 10.25789/YMJ.2022.80.02
YOK 575.1

vl YW

T.V. Borisova, V.G. Pshennikova, F.M. Teryutin, A.V. Solovyov,
G.P. Romanov, S.A. Fedorova, N.A. Barashkov

ESTIMATION OF THE MUTATION AGE
C.1621C>T P.(GLN541%) IN THE FYCO1
GENE RESPONSIBLE FOR

THE DEVELOPMENT OF AUTOSOMAL
RECESSIVE CONGENITAL CATARACT
IN THE YAKUT POPULATION

The main cause of congenital or juvenile cataract with autosomal recessive inheritance in Yakutia is the ¢.1621C>T p.(GIn541*) nonsense
mutation in the exon 8 of the FYCO1 gene. Previous studies have shown that the c.1621C>T p.(GIn541*) mutation has spread to the territory of
Yakutia as a result of the founder effect. The initial assessment of the average “age” of the mutation using the data of linkage disequilibrium for three
STR markers: D3S3685, D3S3582 and D3S3561 showed a result of ~10.4 + 2.6 generations (260 + 65.0 years). In the present study, we used a
different approach to determine the “age” of the c.1621C>T p.(GIn541*) mutation using the DMLE+ 2.3 software based on the analysis of 25 SNP
markers. The calculated DMLE+ 2.3 “age” of the mutation, taking into account the 95% confidence interval, varies from 25 to 67 generations (from
625 to 1675 years). Comprehensive data show that the ¢.1621C>T p.(GIn541*) mutation could have occurred between the 4th and 18th centuries
with the most likely time of expansion from 11th century.

Keywords: congenital autosomal recessive cataract, CTRCT18, c.1621C>T (p.GIn541*), FYCO1, Yakuts, founder effect, Eastern Siberia.

Introduction. Congenital cataract
is one of the main causes of childhood
blindness [20]. It is known that from 8.3
to 25% of congenital or juvenile cataracts
are inherited [11; 7; 16] by autosomal
dominant type [20], less often by autoso-
mal recessive and X-linked type [20; 13].
In the Yakut population, congenital or ju-
venile cataract with autosomal recessive
inheritance is one of the most common
orphan diseases, occurring at a frequen-
cy of 1in 8257 people [22]. In this regard,
we have previously conducted studies to
find the main genetic cause of autosomal
recessive cataract in Yakutia. Whole ex-
ome analysis revealed a new ¢.1621C>T
p.(GIn541*) nonsense mutation exon 8
of the FYCO1 gene (NM_024513.3) [9].
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This substitution leads to the formation
of a premature stop codon p.(GIn541%) in
the functionally significant Coiled-coil do-
main and truncates the polypeptide chain
of the FYCO1 protein [9]. Among the
studied patients with congenital cataract
in Yakutia, in 86% of patients (25 out of
29), the ¢.1621C>T p.(GIn541*) mutation
was found in the homozygous state. Tak-
ing into account the significant contribu-
tion (86%) of the ¢.1621C>T p.(GIn541%)
mutation to the etiology of the disease
in the territory of Yakutia, haplotypes of
mutant chromosomes were analyzed
using 6 STR markers. The results of the
study showed the unity of origin of all
the studied mutant chromosomes, which
indicates the spread of the ¢.1621C>T
p.(GIn541*) mutation in the territory of
Yakutia as a result of the founder effect.
Phylogenetic analysis revealed the high-
est diversity of haplotypes in the central
subpopulation of the Yakuts, which indi-
cates the beginning of the spread of mu-
tant chromosomes in the territory of Ya-
kutia from the Lena-Amga interfluve [9].
The carriage frequency for this mutation
in the population of Yakuts was 7.9%, in
Evens - 2%, Evenks - 1.7%, in the popu-
lations of Russians, Yukagir, Dolgan and
Chukchi this variant was absent.
Previously, the estimation of the "age"
of the mutation was carried out using the
method described in Risch et al. [12]. To
determine the “age” of the mutation, the
data of linkage disequilibrium for three
STR markers were used: D3S3685,
D3S3582, D3S3561 (~6.3 Mb). This

method gives an estimate of the "age"
separately for each marker under study
and is based on the "genetic clock" ap-
proach [14]. The average “age” of the
¢.1621C>T p.(GIn541*) mutation in the
Yakut population was ~10.4 + 2.6 gener-
ations (260 * 65.0 years), which indicat-
ed the start of the expansion of mutant
chromosomes in the 18" century [9] and
corresponded to the time when the first
Russian explorers appeared in Yakutia.
However, the results of screening indi-
cated the absence of this mutation in the
Russian population. In order to clarify the
data obtained earlier, in this work, we ap-
plied a different approach to estimating
the “age” of the ¢.1621C>T p.(GIn541*)
mutation using the DMLE+ 2.3 software
[19], which makes it possible to carry out
calculations based on the linkage dis-
equilibrium of several genetic markers.

Materials and methods. Patients.
This study consisted of DNA samples
from 24 Yakut patients with congen-
ital cataract who had the c.1621C>T
p.(GIn541*) mutation in the FYCOT gene
in the homozygous state. DNA samples
from 22 healthy Yakut patients constitut-
ed a control sample.

Estimation of the ‘age” of the
c.1621C>T p.(GIn541*) mutation in the
FYCOT1 gene using DMLE+ 2.3

The DMLE+ 2.3 program allows to
make a conclusion about the “age” of a
mutation (in generations) based on the
observed linkage disequilibrium of sev-
eral genetic markers, using the Markov
chain Monte Carlo algorithm [19]. To cor-
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rectly estimate the “age” of a mutation us-
ing the DMLE+ 2.3 software, it is neces-
sary to calculate the proportion of mutant
chromosomes in the sample (proportion
of population sampled) and the popula-
tion growth rate (d). The proportion of
mutant chromosomes in the sample was
calculated based on the frequency of
heterozygous carriage of the ¢.1621C>T
p.(GIn541*) mutation. Since the exact
number of Yakuts is known only since the
time of the First General Population Cen-
sus of 1897 in the Russian Empire [4],
there was not enough data to accurate-
ly calculate the population growth rate.
In this regard, we used the population
growth rate parameter d=0.085 used by
Rannala and Reeve [18] to estimate the
age of the mutation SLC26A2 gene in the
Finnish population, which, presumably,
like the Yakut population, originated from
a small ancestral population [14].

Results and Discussion. As a result
of comparing the allele frequencies of two
samples of individuals using the x2 test,
25 SNP markers (69,851 kb) were iden-
tified for further analysis. We calculated
the expected number of homozygotes
in the Yakut population (0.3%) from the
known frequency of heterozygous carri-
ers of the ¢.1621C>T p.(GIn541*) muta-
tion, which is 7.9% [9], and determined
the proportion of mutant chromosomes in
the sample to be 0.05. The average “age”
of the ¢.1621C>T p.(GIn541*) mutation in
the FYCO1 gene with a proportion of mu-
tant chromosomes in the sample of 0.05
was estimated at 38 generations (950
years), taking into account 95% CI, the
“age” is within 25-67 generations (from
625 to 1675 years) (Fig. 1, A).

a

To assess the accuracy of the calcula-
tion of the “age” of the mutation and iden-
tify possible errors, we used two more
values for the proportion of mutant chro-
mosomes in the sample, 0.04 and 0.06
(Fig. 1, B and C). If the estimated propor-
tion of mutant chromosomes is lower than
the calculated one and equals 0.04, the
average “age” of the mutation is 39 gen-
erations (975 years), taking into account
95% Cl, is 28-72 generations (from 700
to 1800 years) (Fig. 1, B). If the proportion
of mutant chromosomes is higher than
calculated and equals 0.06, the “age”
of the mutation is 37 generations (925
years), and at 95% Cl it is 23-66 gener-
ations (from 575 to 1650 years) (Fig. 1,
C ). Thus, the change in the proportion
of mutant chromosomes in the sam-
ple had little effect on the final estimate.

The average “age” of the c.1621C>T
p.(GIn541*) mutation obtained in this
study for 25 SNP markers (~950 years)
significantly exceeds the result of the
previous study (260 + 65.0 years), where
the calculation for 3 separate STR mark-
ers was used (Table 1). Both of these
approaches are used in genetic studies
and neither of them can be considered
more reliable. However, a study by Clen-
denning et al [17] showed that the model
for estimating linkage disequilibrium used
by the DMLE+ 2.3 software [19] could be
more effective to determine the origin of
relatively "young" mutations in a popu-
lation with a rapid population growth, in
comparison with a method that gives a
separate age estimate for each marker
[12]. Perhaps the DMLE+ 2.3 approach
is more appropriate for the Yakut popu-
lation.

‘o

0,01
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25 38

(@] Significance level
(=)
=)

Significance level
(=}
=4

67

Age of mutation in generations

An earlier estimate of the “age” of the
€.1621C>T p.(GIn541*) mutation at 260
years indicated that this mutation had
spread during the period of exploration
of Eastern Siberia by Russian explor-
ers. However, given the absence of this
mutation in the Russian population and
the highest carrier rate among the Yakuts
(7.9%) [9], it would be more likely to as-
sume that this mutation is related to the
ancestors of the Yakuts and to accept an
earlier estimate of ~260 years as the low-
er threshold of “age ». Thus, the estimate
of the maximum value of 1675 years ob-
tained in this study can be considered an
upper limit for the "age" of the mutation.
If we accept both results of the “age” esti-
mate, then the time of the appearance of
the mutation is within the range from the
4™ to the 18" centuries AD.

According to archaeologist A.l. Gogo-
lev, the physical and linguistic features of
the Turkic-speaking ancestors of the Ya-
kuts took shape in the Baikal region from
the 6" to the 10" centuries, then in the
13" century Yakuts moved to the valley of
the middle reaches of the Lena river [3].
According to A.N. Alekseev, the southern
ancestors of the Sakha penetrated the
territory of Yakutia much earlier — back
in the first half of the 1st millennium AD
and by the 10" — 11" century, the ances-
tors of the Yakuts mastered significant
territories of Prilenye [1, 2]. According to
genetic data, the time of divergence of
N3-lineages of the Y-chromosome of the
Yakuts, based on microsatellite diversity,
indicates a primary increase in the size of
the ancestral population in ~4th century,
followed by a secondary expansion start-
ing from the 11" century. [8].

Fig. 1. Plots of estimation of the “age” of the c.1621C>T p.(GIn541*) mutation in the FYCOT gene using the DMLE+ 2.3 program [Reeve, 2002].
A - the "age" of the mutation with the value of the proportion of mutant chromosomes in the sample equal to 0.05; B - at 0.04; C - at 0.06.
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Comparison of the results of age estimation of the ¢.1621C>T p.(GIn541*) mutation in the FYCO! gene

Method Markers

Age of mutation (in generations)

Average age (in generations)

Reference

D3S3685

185 (~ 7.4)

Risch et al.,

1995 [12] D3S3582

317,5 (12,7)

D3S3561

277,5 (11,1)

260 + 65,0 (10,442,6)

(]

25 SNP markers

DMLE+ 23 [19] | = (¢9'¢51 k)

625 — 1675 (25-67)

950 (38)

[Present study]

1000 +

(by DMLE+ 2.3)

[N
=)
[34]

gene

500 +

L 625
950 years

(by Risch et al., 1995)

Age of mutation ¢.1621C>T p.(Gln541%) in the FYCO1

325-—@— 195
260 years

Dating 500 AD

]
present

1500 AD
day

1000 AD

Fig. 2. The “age” of the ¢.1621C>T p.(GIn541*) mutation in the FYCO1 gene, estimated using

two methods.

Thus, the total period of occurrence of
the ¢.1621C>T p.(GIn541*) mutation is
from the 4™ to the 18" centuries covers
the time of the formation of the Sakha
people [1]). At the same time, the aver-
age value of the age of the mutation ~950
years coincides with the appearance in
the 10-11™" centuries on the territory of
Yakutia (in Namtsy and Ust-Aldan) sites
of the Kulun-Atakh archaeological cul-
ture, directly associated with the ances-
tors of the Yakuts [2].

Conclusions. Thus, the time peri-
od from the 4" to the 18" centuries fully
corresponds to the time of the formation
of the Yakut people according to A.N.
Alekseey, starting with the penetration of
certain groups of southern pastoral tribes
into the territory of Yakutia in the 3 — 4t
centuries. [6]. At the same time, the av-
erage mutation age of ~950 years coin-
cides with the appearance in the 10 — 11"
centuries. on the territory of Yakutia (in
Namtsy and Ust-Aldan) sites of the Ku-
lun-Atakh archaeological culture, directly
associated with the ancestors of the Ya-
kuts [2].
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O.M. Zamorschikova, S.S. Sleptsova, N.R. Maksimova,
A.L. Danilova, S.S. Sleptsov, L.I. Petrova

ANALYSIS OF INTERFERON GENE
POLYMORPHISM IN PATIENTS WITH HDV
INFECTION IN THE REPUBLIC OF SAKHA

(YAKUTIA)

The aim of the research: to analyze the frequency of occurrence of polymorphisms rs8105790 of the IFNL3 gene, rs368234815 of the IFNL4
gene, rs1831583 of the IFNA1 gene in healthy people and patients with chronic viral hepatitis D among the ethnic group of Yakuts living on the

territory of the Republic of Sakha (Yakutia).

Materials and methods of the study: to study gene polymorphisms in 157 individuals with chronic HDV infection and 160 apparently healthy
individuals was used polymerase chain reaction (PCR). Analysis of the results included compliance with the Hardy-Weinberg law, Pearson's chi-
squared test (x2), odds ratio and its confidence interval.

Results: the people of young working age suffer more from HDV infection, wherein the development of cirrhosis from the moment of infection
with the D virus is formed on average over 6.5 years. The high replicative activity of the HDV virus in 74.1% of cases is accompanied by suppres-
sion of HBV, but with an increase in the severity of fibrosis and the formation of cirrhosis and liver cancer, there is observed simultaneous replica-
tion of hepatitis B and D viruses. According to the data obtained, the risk of developing severe fibrosis in HDV is 1.7 times higher in carriers of the
AG-allele of the rs368234815 polymorphism of the IFNL4 gene (OR=1.784; 95% Cl 0.642—4.959) and 1.8 times higher in the carriers of the C-allele
of the rs1831583 polymorphism of the IFNA1 gene (OR= 1.818; 95% CI 0.340-9.713).

Conclusion: the obtained results demonstrate that the C-allele rs1831583 of the IFNA1 gene and the AG-allele rs368234815 of the IFNL4 gene
predispose to the formation of severe fibrosis in HDV infection, Yakutia.

Keywords: chronic hepatitis, liver cirrhosis, gene polymorphism, HDV, IFNL3, IFNL4, IFNA1.
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Introduction. Chronic viral hepatitis
D (CHD) is caused by the hepatitis D vi-
rus and is characterized by a predomi-
nantly progressive course with the rapid
development of liver cirrhosis (LC) than
other hepatitis [1,5,4,10].

The Republic of Sakha (Yakutia) is
one of the regions with a high prevalence
of parenteral viral hepatitis [3,8]. The on-
going annual monitoring of the incidence
of chronic viral hepatitis in the Republic
of Sakha (Yakutia) shows an excess of
the average for the Russian Federation.

Of the 14,975 patients registered in
the electronic registry, chronic hepatitis
D accounts for 7.8% (1176) of the to-
tal number of all chronic viral hepatitis,
while HDV infection occurs in 40.8% of
people with liver cirrhosis and in 38.5%
with hepatocellular carcinoma (HCC).
Chronic HDV infection is more often
detected in the working-age population
with a predominance of indigenous peo-
ple. The high index of cirrhosis of HDV
infection with the development of severe
complications leading to early disability
and death requires an in-depth study of
the causes of liver fibrosis caused by the
HD virus.

The mechanisms of genetic predis-
position to chronic HDV infection have
not yet been elucidated. The role of
nucleotide polymorphic variants of in-

terferon | (IFNA1) and type Il (IFNL3,
IFNL4) genes [2] in the pathogenesis of
viral hepatitis is actively studied and is
due to binding to cell receptors, as well
as participation in the process of viral
reproduction inside the cell [14]. Many
studies prove the genetic determinism of
the development of the chronic course of
hepatitis in HBV and HCV infections [11,
16]. Despite the relevance of genetic pre-
dictors in the study of the development of
chronic HDV infection, so far, no molecu-
lar genetic studies have been conducted
in the Asian ethnic group in Russia.

Purpose: to analyze the frequency of
occurrence of polymorphisms rs8105790
of the IFNL3 gene, rs368234815 of the
IFNL4 gene, rs1831583 of the IFNA1
gene in healthy and sick individuals with
chronic viral hepatitis D among the eth-
nic group of Yakuts living in the Republic
of Sakha (Yakutia).

Materials and methods: the study
was approved by the local ethical com-
mittee of the North-Eastern Federal
University named after M.K. Ammosov”,
complies with the ethical principles of the
Declaration of Helsinki of the World Med-
ical Association (2013). The selection of
the biomaterial was carried out on the
basis of the infectious diseases depart-
ment of the State Budgetary Institution
of the Republic of Sakha (Yakutia) "Ya-



kut Republican Clinical Hospital" (chief
physician, candidate of medical scienc-
es Vasiliev N.N.), the infectious diseases
department of the NEFU Clinic (director,
candidate of medical sciences Ammosov
V.G.) in the period from 2020 to 2022.
Molecular genetic studies were carried
out in the research laboratory "Molec-
ular Medicine and Human Genetics" of
the NEFU Clinic. Whole peripheral blood
samples were used as a biomaterial for
studying the polymorphism of the IFNL3
(rs8105790), IFNL4 (rs368234815),
IFNA1 (rs1831583) genes. The clinical
group included 157 patients with estab-
lished HDV infection, 71 men and 86
women, aged 22 to 77 years, mean age
48+10.5 years, of the Yakut ethnic group
permanently residing in the Republic of
Sakha (Yakutia). At the same time, per-
sons of the age category up to 44 years
old accounted for 47%, up to 59 years
old - 41%, 60 years and older - 12%. For
comparison with the frequency of occur-
rence of the selected polymorphisms,
160 practically healthy individuals, 75
men and 85 women, aged 20 to 75 years
old, average age 49+12.7 years old, were
selected.

The demographic characteristics
of patients (gender, age, place of resi-
dence), the form of hepatitis D disease
(hepatitis, cirrhosis, cancer) were stud-
ied. The ethnic group was determined on
the basis of questionnaire data. General
clinical, serological and molecular bio-
logical methods for the study of hepatitis
B and D viruses were carried out. Diag-
nosis and assessment of the stage of
liver cirrhosis was carried out on a point
scale in accordance with the Child-Pugh
classification and the MELD survival
scale. The diagnosis was established on
the basis of clinical and laboratory data
and the results of ultrasound, CT and
MRI of the abdominal organs and fibro-
elastometry of the liver. Diagnosis and
stage of HCC was carried out using the
TNMB system in accordance with the
Barcelona classification.

Isolation of DNA from peripheral blood
was carried out using a commercial kit
of OO0 Evrogen (Moscow, Russia). For
the molecular genetic study, the TagMan
SNP Genotyping Assays Applied Bio-
systems, Thermo Scientific (USA) geno-
typing kits were used. Amplification was
carried out on a CFX96 Touch Real-Time
PCR Detection System (Bio-Rad, USA)
in real-time mode.

Data processing was carried out
using statistical criteria using the IBM
SPSS Statistics 26.0 software package.
To compare the means, we used T-test
of independent samples (Cl=95%; p>

0.05). The distribution of genotypes for
the studied polymorphisms was checked
for compliance with the Hardy-Weinberg
equilibrium using Fisher's exact test. To
compare allele frequencies between
both sick and healthy groups, there was
used Pearson's x2 test with Yates' cor-
rection for continuity. Results were con-
sidered significant at p<0.05.

Results and discuss: distribution
according to nosological forms of the
study group revealed that in 36.9% (58)
patients chronic hepatitis D was without
severe fibrosis, in 63.1% (99) patients
hepatitis D was in the stage of cirrhosis,
including those with hepatocellular carci-
noma 15 people.

When studying the epidemiological
anamnesis of the clinical group, it was
found that 46.5% of patients had a fact of
surgical intervention, 44.6% of patients
mentioned endoscopic and other inva-
sive medical interventions. 33.1% of the
surveyed do not exclude infection with
HDV infection through blood transfusion,
cases of intra-family contacts were ob-
served in 32.1% of cases. A history of
donation was noted in 2.3%, a possible
sexual transmission in 5.3% of patients.
Past acute viral hepatitis in history was
registered in 39.5%. The duration of the
disease was 19.2+11.7 years, the time
from the moment of infection with the
hepatitis D virus to the formation of liver
cirrhosis is 6.5 years on average.

Clinical symptoms in most patients
with HDV infection were manifested by
asthenic syndrome in 100% of cases,
skin manifestations in the form of telan-
giectasia and palmar erythemain 72.6%,
and heaviness in the right hypochondri-
um in 68.8% of cases. Bleeding gums,
nose, including episodes of bleeding
from varicose veins of the esophagus
were observed in 54.1% of patients, jaun-
dice in 46.5%, edematous syndrome, in-
cluding ascites, was observed in 40.8%
of patients, splenomegaly was observed
in 44 % and 41.4% of patients com-
plained of pain in the joints. Among the
most common comorbidities in patients
were diseases of the gastrointestinal
tract in 45.2%, diseases of the cardio-
vascular system in 21%, endocrine sys-
tem in 11.5% and genitourinary system
in 18.5% of cases.

In a laboratory study of peripheral
blood of patients with CHD (n=157), pro-
nounced cell cytolysis was observed in
patients at the stage of liver cirrhosis.
The level of serum aminotransferas-
es revealed a 2.5-fold excess of ALT
(p<0.000) in the initial manifestations of
cirrhosis, also a 3-fold increase in AST
activity (p<0.000) and a 4-fold increase
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in the level of bilirubin fractions (p<0.000)
were detected in decompensated forms
liver cirrhosis. A significant increase in
the level of alpha-fetoprotein (p<0.000)
in this group became a prognostically
unfavorable factor in the course of se-
vere liver fibrosis.

Previous studies on the incidence of
chronic viral hepatitis B, C and D in the
region has revealed a direct relationship
between the incidence rate and the in-
cidence of HCC in this category of pa-
tients [9]. The most aggressive course is
detected in patients with chronic HDV in-
fection, which is characterized by mixed
replication of HBV and HDV viruses [6].
In the study of replicative activity by PCR
(n=157), mono-replication of HDV was
detected in 101 people, mixed replica-
tion of HDV in 51 people, 5 of the studied
patients had no replication. In the CGD
group without liver cirrhosis, mono-repli-
cation prevailed 74.1%, mixed replication
was 19.6%, and 6.3% of patients were
without replication. In the CGD group
with liver cirrhosis, mixed replication was
observed in 43.4% of cases, and mo-
no-replication in 56.6%. In patients with
HCC, the activity of the virus showed
mixed replication in 46.6%, and mo-
no-replication in 53.4% of cases (Fig. 1).

The genotype frequency of the exam-
ined patients corresponded to the Har-
dy-Weinberg equilibrium, which made it
possible to carry out the distribution of
alleles and genotypes of the polymor-
phic variant of the IFNL4 (rs368234815),
IFNL3 (rs8105790) and IFNA1
(rs1831583) genes. The studied samples
showed differences between the patients
of the main group (n=157) and the con-
trol group (n=160) (Table 1). The sample
of healthy patients was characterized
by the largest number of carriers of ho-
mozygous AA - genotype rs1831583
of the IFNA1 gene, TT / TT - genotype
rs368234815 of the IFNL4 gene and TT
genotype rs8105790 of the IFNL3 gene
without the presence of mutant allele,
carriers of the homozygous AA geno-
type - genotype of the rs1831583 gene
of the IFNA1 gene, TT/TT - genotype
of the rs368234815 gene of the IFNL4
gene, TT genotype rs8105790 of the
IFNL3 gene, but in the observed distri-
bution, the proportion of heterozygous
genotypes (carriers of the mutant allele)
was higher than in the healthy group.
Similar work was carried out by Karatayli
S.C. and co-authors on the study of the
rs8105790 polymorphism of the IFNL3
gene in patients with chronic HBV infec-
tion. Patients with the CC/TC genotype
for rs8105790 (p<0.0001) were found to
be more likely to be inactive HBsAg car-
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riers [12].

In the studied groups, no significant
differences were found in the frequency
of genotype distribution (p>0.05), which
indicates a fairly frequent occurrence
of these markers among a healthy, un-
infected population. The distribution of
alleles showed significant differences
for the C-allele of the rs1831583 locus
of the IFNA1 gene (p=0.035) and the
AG-allele of the rs368234815 locus of
the IFNL4 gene (p=0.009). No significant
differences were found in the rs8105790
polymorphism of the IFNL3 gene, which
is probably due to the protective function
of this gene, and it does not play a role
in the development of chronic hepatitis
D. According to the data, the probability
of developing severe fibrosis in HDV is
1.7 times higher in carriers of the mutant
allele of the polymorphism AG-allele of
the rs368234815 polymorphism of the
IFNL4 gene and 1.8 times higher in car-
riers of the C-allele of the rs1831583
polymorphism of the IFNA1 gene (Table
2). The research of the polymorphism
of the genes we study is being carried
out by many scientists [7,10,13]. A group
of Chinese scientists examined 3128
people for the possibility of HBV infec-
tion with a number of polymorphisms of
interferon genes in 14 loci, where the
formation of HCC was associated with
polymorphisms of the IFNA1 genes. In
the studied groups of patients with liver
fibrosis, the development of HCC was
indicated in polymorphic variants of the
IFNA1-rs1831583 and IFNA2-rs649053
genes [15]. There are indications that
polymorphic variants of the IFNL3,
IFNA1, and IFNL4 genes are associated
with the development of liver cirrhosis in
patients with chronic hepatitis B; poly-
morphic variants rs1831583 of the IFNA1
gene and rs649053 of the IFNA2 gene
indicated the development of liver can-
cer [13]. There are studies that note the
relationship between the development of
liver cirrhosis and HCC in patients with
HCV with the rs368234815 polymor-
phism of the IFNL4 gene [11], at the same
time, unlike the Caucasians there is data
that indicates the frequency of sponta-
neous clearance of HCV in carriers of
the TT genotype of the rs368234815
polymorphism of the IFNL4 gene in rep-
resentatives of the mongoloid race [7].

Conclusion: The Republic of Sakha
(Yakutia) is one of the "endemic" regions
of the Russian Federation in terms of the
prevalence of viral hepatitis D. A feature
of the course of HDV infection is the sus-
ceptibility to this pathology of people of
indigenous nationality and of working
age. The course of chronic hepatitis D

T4,1%
4.1% EMono  ®Mixt = mno replication
56,6% 53,40%
43,4% 46,60%
chronic HDV Cirrhosis HCC

Share of HDV replication activity in patients with and without cirrhosis (n=157)

Table 1

The frequency of occurrence of polymorphisms of the studied genes in patients
with CHD and healthy people of indigenous nationality

Genotypes. alleles Chrgiilc SI;IDV heal;l;;; égéoup x2 P
Honumopdusm rs1831583 rena IFNAI
AA — genotype 95.5 (150/157) 96.8 (155/160) -
AC — genotype 3.8 (6/157) 3.1 (5/160) p=0.565% -
CC - allele 0.6 (1/157) 0 -
A — allele (%) 97.0 (306/316) 98.0 (315/322) -
C— allele (%) 3.0 (8/267) 2.0 (5/250) - p=0.035%
Hoxumopdusm rs8105790 rena IFNL3
TT — genotype 85.3 (134/157) 79.4 (127/160) -
TC - genotype 14.6 (23/157) 20.6 (33/160) p=0.078** -
CC — genotype 0 0 -
T— allele (%) 93.0 (291/313) 90.0 (287/319) - P—0.053%*
C—allele (%) 7.0 (23/329) 10.0 (33/330) -
Moaumopdusm rs368234815 rena IFNL4
TT/TT — genotype 87.2 (137/157) 87.5 (140/160) -
TT/AG — genotype 12.1 (19/157) 12.5 (20/160) p=0.598%* -
AG/AG — genotype 0.64 (1/157) 0 -
1T (%) 93.0 (293/316) 94.0 (300/320) -
4G (%) 7.0 (21/300) 6.0 (20/334) - p=0.009%

* Analysis of arbitrary cross tables using the chi-square test;
**Analysis of four-field contingency tables. Pearson contingency coefficient (C)

Table 2

The incidence of liver cirrhosis in persons with HDV infection depending
on the carriage of the mutant allele of the studied genes

Polymorphisms Groups Chances
genes Research in groups 95%CL OR
Carrier M 0.065
rs1831583 rena IFNAI Not carrier M 0.036 95% 1.818
Not carrier M 0.137
Carrier M 0.206
rs368234815 rena IFNL4 - 95% 1.784
Not carrier M 0.115

Note: Carrier M - carrier of the mutant allele (XY, YY); Non-carrier M - homozygous for the
normal allele (XX); OR- odds ratio (odds ratio), 95% CI - 95% confidence interval OR



is characterized by an aggressive nature
and rapid development of complications.
Decompensated forms of the disease
are more often recorded in persons with
HDV infection in the stage of cirrhosis
and hepatocellular liver cancer. A prog-
nostically unfavorable marker for the for-
mation of liver fibrosis is the mixed repli-
cation of HBV and HDV viruses.

The obtained results demonstrate that
the risk of developing severe liver fibro-
sis in HDV is 1.8 times higher in carriers
of the C-allele rs1831583 of the IFNA1
gene and 1.7 times higher in carriers of
the AG-allele rs368234815 of the IFNL4
gene. These groups of genes can be-
come candidate genes for the formation
of cirrhosis and liver cancer, which re-
quires further study of other variants of
the loci of the studied genes.

Information about the funding of
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N.N. Gotovtsev, G.P. Romanov, A.V. Solovyey,

S.A. Fedorova

ASSOCIATION OF POLYMORPHIC VARIANT
RS1800849 OF THE UCP3 GENE

WITH DEFICIT AND EXCESS OF BODY WEIGHT
IN THE YAKUT POPULATION

Genetic predisposition to obesity may play an important role in its etiology along with environmental influences. One of such potential thera-
peutic targets is uncoupling protein 3 (UCP3), is encoded by the UCP3 gene. The main functions of UCP3 are considered to be proton transport
in the presence of fatty acids, and a protective function, UCP3 can inhibit the actions of reactive oxygen species in mitochondria. The purpose of
this study is to search for the association of polymorphism rs1800849 of the UCP3 gene with body mass index (BMI) in the Yakut population. No
significant differences in the distribution of alleles were found (x? = 0.72; p = 0.397), so the frequency of allele (T) was 53%, and allele (C) was
47%. In females from the control group, it was founding that the heterozygous genotype was
more common (p = 0.04) than in people with underweight. In males with overweight, the allele (C)
is more common (p = 0.001), compared with the control group. The distribution of alleles of the
rs1800849 polymorphism of the UCP3 gene showed that in individuals with underweight (both
females and males), the frequency of the allele (T) was significantly higher than the frequency of
the allele (C) (p = 0.001). Allele (C) was more common in overweight males (p = 0.001), no such
differences were found in females (p > 0.05). The article discusses the probable relationship of
the distribution of rs1800849 alleles of the UCP3 gene with the rate of basal metabolism affecting
body weight, which is probably due to adaptation to a cold climate.

Keywords: UCP3, underweight, overweight, obesity, Yakut population.
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Introduction. The increase in the
prevalence of overweight and obesity
worldwide has aroused interest in the
genetics of obesity. Genetic predispo-
sition to obesity may play an important
role in its etiology along with environ-
mental influences. Thus, in a study by
Nan et al., [14], it was shown that he-
redity explains most of the variations in
body mass index (BMI, 61-80%) as the
main indicator of obesity. Therefore,
effective strategies for the prevention
and treatment of obesity are currently
being sought. One of such potential
therapeutic targets is uncoupling pro-
tein 3 (UCP3), which is encoded by
the UCP3 gene (SLC25A9), and which
belongs to the family of mitochondrial
anion carriers. The UCP3 gene is ex-
pressed mainly in skeletal muscles and
in brown adipocytes [5, 24]. The main
functions of UCP3 are considered to be
proton transport in the presence of fat-
ty acids [6, 15], and a protective func-
tion, UCP3 can inhibit the actions of re-
active oxygen species in mitochondria
[4]. UCP3 expression may increase
when exposed to low temperatures
and during prolonged physical exer-
tion [22]. In addition, it is believed that
UCP3 can participate in "uncoupling to
survive" [9], in which energy from the
oxidation of fatty acids is released as
heat. Therefore, UCP3 is considered a
good target for research aimed at ma-

nipulating energy consumption to com-
bat obesity and type 2 diabetes (T2D).

Currently, three substitutions have
been identified in the coding region
of the UCP3 gene - p.(Val102lle),
p.(Arg143Ter), p.(Arg70Trp), and one
mutation of the splicing site — IVS6,
leading to severe obesity and the devel-
opment of T2D. Three mutations p.(Val-
102lle), p.(Arg143Ter) and IVS6 were
discovered by a group of scientists led by
G. Argyropoulos in 1998 [11]. Mutation
p.(Val102lle) (rs2229707) is a missense
substitution in exon 3, which was found
in four siblings with obesity and T2D [11].
Mutations of p.(Arg143Ter) in exon 4 and
mutation of the IVS6 splicing site (exon
6) were found in a compound heterozy-
gous state in a 16-year-old adolescent
suffering from pathological obesity [11].
Another missense mutation p.(Arg70Trp)
(rs17848368) was found in China in a
15-year-old teenager with severe obesity
and T2D [12].

In this regard, the purpose of this
study is to search for the association of
polymorphism rs1800849 of the UCP3
gene with BMI in the Yakut population.

Materials and methods. The re-
search sample comprised 279 people:
185 females and 94 males (with a mean
age of 19.8+2.03 years). They presented
no health issues at the time of the study
and had completed a questionnaire in
which they specified their sex, ethnicity,



and age. All participants gave written
informed consent for participation in the
study. This study was approved by the
local Biomedical Ethics Committee at
the Yakut Scientific Center of Complex
Medical Problems, Siberian Branch of
the Russian Academy Scientific of Medi-
cal Sciences, Yakutsk, Russia (Yakutsk,
Protocol No. 16, and 13 December 2014).

Anthropometric parameters (body
weight in kilograms, height in centime-
ters) were measured for all participants
by standardized methods. BMI was cal-
culated by dividing body mass by the
square of the body height. The sample
was divided into three groups by BMI
[16]: underweight (<18.49 kg/m?), normal
weight (18.5-24.99 kg/m?), and over-
weight/obese (=25 kg/m?).

Genomic DNA was isolated by phe-
nol-chloroform extraction [18]. The ampli-
fication of the rs1800849 polymorphism

was carried out by polymerase chain re-
action (PCR) on a programmable BioRad
T100 Thermal Cycler (Bio-Rad Laborato-
ries, Inc., USA) using original sequences
of oligonucleotide primers (F:5'-CCTTGT-
CACCAAGGAAGCGTCCACAGCTT-3'
and R:5- CTTCTGGCTTGGCACTG-
GTCTTATACACCC-3'). The primers
were selected using the FastPCR pro-
gram (http://primerdigital.com /). For
amplification, a reaction mixture with a
volume of 14 pl was used, including the
following components: 1 pl of genomic
DNA, 0.8 ul of Taq buffer with Mg?* (700
mM Tris-HClI, pH 8.6, 166 mM (NH,),SO,,
25 mM MgCl,), 0.5 pl of dNTP mixture
(dATP, dGTP, dCTP, dTTP of 0.250
microns each), 0.24 pl of locus-specific
oligonucleotide primers rs1800849F and
rs1800849R, 0.2 pl (0.04 units) of Taq
DNA polymerase (Silex, Russia), 5.51 ul
of deionized H,O and 5.51 pl of betaine

Table 1

Distribution of frequencies of genotypes and alleles of polymorphism

vyl YW

(Sigma-Aldrich, USA). The detection was
carried out in the standard amplification
mode and the annealing temperature
and amplification mode were selected
individually. Genotyping of SNP markers
was carried out using PCR-PDRF anal-
ysis, with enzymatic processing of PCR
products by Smal restriction endonucle-
ase (SibEnzyme, Novosibirsk, Russia):
CC genotype 185, 30 bp, CT genotype
215, 185 and 30 bp, TT genotype 215
bp. The separation of hydrolysis prod-
ucts was carried out in a 3% agarose gel
(Figure 1). A single solution of TAE (40
mM tris (pH=7) was used as an electrode
buffer.6), 20 mM glacial acetic acid, 1
mM EDTA). For gel electrophoresis, the
BioRad Mini-Sub Cell GT System (Bio-
Rad Laboratories, Inc., USA) was used
as a standard horizontal camera at a

rs1800849 of UCP3 gene by gender —215n.H
«—185 1.
Females Males N
Genotype / Allele (n=185) (n=94) X p
TT 57 (30%) 28 (29%) 0.031 0.861
o 0 Fig.1. Electrophoregram of the results of PCR-
cT 84 (45%) | 43 (46%) 0.003 0.942 PDF analysis of the rs1800849 polymorphism
CC 44 (25%) 23 (25%) 0.016 0.9 of the UCP3 gene.
T 0.54 0.53 Notes: Column 1 —CC genotype (185; 30 bp);
0.02 0.888 columns 2, 3 —CT genotypes (215; 185; 30
C 0.46 0.47 bp); column 4 —TT genotype (215 bp).
Table 2
Comparative analysis of the frequency of occurrence of genotypes and alleles
of the rs1800849 polymorphism of the UCP3 gene between BMI groups
Genotype / Allele Underweight Control e V4 Overweight /obesity Control e P
ALL
TT 16 (44%) 62 (29%) 3.437 0.06 7 (24%) 62 (29%) 0.294 | 0.588
CT 14 (39%) 100 (47%) 0.764 0.383 13 (45%) 100 (47%) 0.037 | 0.848
CC 6 (17%) 52 (24%) 1.008 0.316 9 (31%) 52 (24%) 0.616 | 0.433
T 0.64 0.52 0.47 0.52
C 0.36 0.48 2.956 0-09 0.53 0.48 0.5 048
FEMALES
TT 11 (44%) 42 (29%) 2.177 0.141 4 (25%) 42 (29%) 0.122 | 0.727
CT 9 (36%) 67 (47%) 4.169 0.04 8 (50%) 67 (47%) 0.007 | 0.792
CC 5 (20%) 35 (24%) 0.219 0.641 4 (25%) 35 (24%) 0.004 | 0.952
T 0.62 0.52 0.5 0.52
C 038 0.43 2.04 0.154 05 0.48 0.08 | 0.778
MALES
TT 5 (45%) 20 (29%) 1.27 0.26 3 (24%) 20 (29%) 0.165 | 0.685
CT 5 (45%) 33 (47%) 0.011 0.917 5 (38%) 33 (47%) 0.333 | 0.564
CC 1 (10%) 17 (24%) 1.27 0.26 5 (38%) 17 (24%) 0.09 | 0.764
T 0.68 0.76 0.42 0.76
C 032 024 1.587 0.208 0.58 0.24 23.895| 0.001

Notes: statistically significant differences are highlighted in bold (p<0.05)
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voltage of 120 V. pUC19/Msp | (Silex,
Russia) was used as a molecular weight
marker. Electrophoregrams were visual-
ized using Bio-Rad Universal Hood Il Gel
Documentation System (Bio-Rad Labo-
ratories, Inc., USA).

Statistical analysis. The data obtained
were analyzed using the Statistica 13.5
statistical program (TIBCO Software
Inc., USA). The frequency of alleles and
genotypes of the rs1800849 polymor-
phism of the UCP3 gene was checked
for compliance with the Hardy-Weinberg
equilibrium. The frequency of alleles and
genotypes between males and females,
between the control group and with the
groups of underweight and overweigh/
obesity, as well as between the groups
by BMI, was compared using the criterion
¥2.The values of p<0.05 were considered
statistically significant.

Results and discustion. Analysis of
the frequency distribution of genotypes
of polymorphism rs1800849 of the UCP3
gene revealed that the heterozygous
genotype CT = 45% (x> = 30.581; p <
0.001) prevails in the Yakut population,
and homozygous genotypes occur with
the same frequency: TT = 30% and CC
= 25% (x? = 2.93; p = 0.09).No signifi-
cant differences in the distribution of al-
leles were found (x? = 0.72; p = 0.397),
so the frequency of allele (T) was 53%,
and allele (C) was 47%. There was also
no difference in the frequency distribu-
tion of genotypes and alleles by gender
(p > 0.05) (Table 1). The distribution of
rs1800849 genotypes and alleles in the
studied sample was in the Hardy-Wein-
berg equilibrium (x2 = 2.05; p = 0.152).

Comparative analysis revealed a ten-
dency of a higher frequency of the TT
genotype (p = 0.06) and allele (T) (p =
0.09) in individuals with underweight
when compared with the control group
(Table 2). In females from the control
group, it was founding that the hetero-
zygous genotype was more common (p
= 0.04) than in people with underweight.
In men with overweight, the allele (C) is
more common (p = 0.001), compared
with the control group.

When analyzing the distribution of al-
lele frequencies in three groups (under-
weight, normal weight — control, over-
weight), it was founding that in Yakuts
with underweight, the frequency of the
T allele is significantly higher (p = 0.001)
than the frequency of the allele (C), no
such differences were found in the other
two groups (Table 3). When dividing the
sample by gender, it was found that in fe-
males and males with underweight, the
frequency of distribution of the (T) allele
was also significantly higher (p = 0.001)

Table 3

Comparative analysis of the frequency of occurrence
of rs1800849 polymorphism alleles of the UCP3 gene by BMI groups

BMI | Allele T Allele C r p
ALL
Underweight 0.64 0.36 15.68 0.001
Control (Normal weight) 0.52 0.48 0.32 0.572
Overweight /obesity 0.47 0.53 0.242 0.623
FEMALES

Underweight 0.62 0.38 11.52 0.001
Control (Normal weight) 0.52 0.48 0.32 0.572

Overweight /obesity 0.5 0.5 0 0.1

MALES

Underweight 0.68 0.32 25.92 0.001
Control (Normal weight) 0.52 0.48 0.32 0.572
Overweight /obesity 0.42 0.58 5.12 0.02

than the (C) allele. In males with over-
weight, on the contrary, the (C) allele is
more common (p = 0.02).

The results of other studies on the
effect of rs1800849 on BMI are too
contradictory; therefore, its exact role
in the etiology of obesity and concomi-
tant diseases has not been established.
For example, the allele (T) rs1800849
was associated with a higher BMI in
the French and Spanish populations [1,
7], but negatively correlated with BMI in
the UK population [23]. In other studies,
rs1800849 was not significantly associat-
ed with obesity and BMI [3, 17, 21]. The
discrepancies between the studies may
be due to the fact that this polymorphism
is located in the promoter region at a dis-
tance of 6 bp from the TATA box, and it
affects only the transcription of the UCP3
gene [10], but not the protein structure.
It is believed that the allele (T) is associ-
ated with increased expression of UCP3
mRNA in skeletal muscles [2] and this
overexpression positively correlates with
resting metabolic rate [20]. It is interest-
ing to note that the basal metabolic rate
(BMR) is higher in people living in ex-
tremely cold conditions [8, 13, 19], which
is one of the signs of human adaptation
to a cold climate. Thus, in several studies
it was found that the Yakuts BMR is 20%
higher than the predicted values and in
winter the metabolism can accelerate by
6% compared to the summer period [8,
19]. Similar results were found for the
population of Evenks from Central Sibe-
ria, their BMR was higher compared to
the population of Russians [13]. It can be
assumed that carriers of the rs1800849
polymorphism allele (T) of the UCP3
gene living in cold climatic conditions
have a higher expression of UCP3 in

skeletal muscles and this overexpression
leads to a high metabolic rate at rest, the
consequence of these processes is low
weight. The presence of allele (C), on the
contrary, probably leads to a reduced ex-
pression of UCP3 and to slower metabo-
lism; therefore, carriers of this allele have
an increased risk of developing obesity.
In this regard, the relationship between
BMR and polymorphism rs1800849 of
the UCP3 gene in the Yakut population
requires further research.

Conclusion. In the Yakut population,
both females and males had a strict as-
sociation of the rs1800849 polymorphism
allele (T) of the UCP3 gene with under-
weight (x? = 15.68, p < 0.001).0On the
contrary, the allele (C) was associated
with overweight and obesity in males (x?
=5.12, p < 0.02).Probably, the revealed
dependence is due to the fact that carri-
ers of the allele (T) have a higher BMR
at rest, unlike carriers of the allele (C),
whose BMR is lower. Accordingly, car-
riers of the allele (T) probably have a
tendency to underweight, and carriers of
the allele (C) probably have the opposite
tendency associated with the risk of over-
weight.1.
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A NOVEL MUTATION IN THE COL4A5 GENE IN
A YAKUT FAMILY WITH ALPORT SYNDROME

Alport syndrome is a hereditary progressive kidney disease associated with sensorineural hearing loss and vision abnormalities, which is
caused by mutations in the COL4A3, COL4A4, and COL4A5 genes encoding the a3, a4, and a5 type IV collagen chains. This paper presents a
case with a novel hemizygous mutation in the COL4A5 gene in a Yakut family with Alport syndrome. The study involved 228 GJB2-negative patients
with varying degrees of hearing loss and deafness living in the Republic of Sakha (Yakutia). Brothers were selected from this sample with a history
of similar hearing and kidney impairments. For one of the sibs, a complete exome sequencing was performed, which resulted in the discovery of a
new hemizygous mutation c.2375delA p.(Asp792fs) in exon 29 of the COL4A5 gene on the long arm of the X chromosome (Xqg22). This mutation
was also detected in sibling using PCR-RFLP analysis.

Keywords: Alport syndrome, novel mutation, Yakutia, COL4A5 gene

Introduction. Alport syndrome (SA)
is a hereditary progressive kidney dis-
ease associated with sensorineural
hearing loss and visual abnormalities
[4]. The prevalence of AS is estimated
at 1 in 50,000 newborns [16]. In Rus-
sia, the frequency of AS, according to
epidemiological data, is 17:100,000 of
the population [1]. AS is caused by mu-
tations in the COL4A3, COL4A4, and
COL4AS5 genes located on the long arm
of the X chromosome (Xg22), which en-
code the a3, a4, and a5 chains of type
IV collagen [10]. Mutations in these
genes cause structural anomalies and
dysfunctions of the basement mem-
branes of the glomeruli of the kidneys,
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cochlea, and also cause some visual
anomalies with damage to the cornea,
lens, and retina [11].

There are three types of AS inher-
itance: autosomal recessive, autoso-
mal dominant, and X-linked. The most
common of these is the X-linked type of
inheritance (OMIM #301050), which oc-
curs in 80-85% of AS cases [9, 11]. This
type of AS is caused by mutations in the
COL4A5 gene and, in some cases, by
mutations in the COL4A6 gene, which
is located adjacent to the 5' end of the
COL4A5 gene [3]. ~14% of patients with
AS have an autosomal recessive type of
inheritance (OMIM #203780) caused by
mutations in the COL4A3 and COL4A4
genes in homozygous or compound het-
erozygous states [9]. And approximately
1% of patients with AS have an autoso-
mal dominant type of inheritance (OMIM
#104200) due to mutations in the CO-
L4A3 and COL4A4 genes [9].

Typical diagnostic features of AS are
persistent hematuria, bilateral sensori-
neural deafness, family history of kidney
disease, and visual anomalies [2]. Among
patients with Alport syndrome, most often
end-stage renal disease (ESRD) devel-
ops in men. Thus, ESRD can develop
before the age of 40 in 90% of men and
12% of women with AS [16]. For 50% of
men, dialysis or kidney transplantation is
required before the age of 30 [16]. Deaf-
ness and visual anomalies are observed
in 80-90% and 40% of men with X-linked
Alport syndrome (XLAS), respectively
[12]. However, it is rare to find cases of
AS with all of the listed features, due to
the age-related manifestation of some of
them. For example, sensorineural hear-
ing loss occurs at a later age, and ap-
proximately 90% of men and 10-15% of
women lose their hearing by the age of
40 [19, 20].

In this article, we describe a case of
a new hemizygous mutation in the CO-
L4A5 gene in a Yakut family with Alport
syndrome.

Material and methods. Patients. The
study involved 228 GJBZ2-negative pa-
tients with varying degrees of hearing
loss and deafness living in the Republic
of Sakha (Yakutia). Among them, 55.7%
were women with an average age of 27
years, and 44.3% were men with an av-
erage age of 25 years. More than half of
the patients (58.4%) were Yakuts, 19.5%
were Russians, 9.3% were other nation-
alities, and 12.8% were metis. From this
sample were selected brothers with a
history of similar problems with hearing
and kidneys (Fig.1, c, Il:1, 11:2). It was
noted that the brothers were prescribed
hemodialysis due to end-stage renal fail-
ure. During the collection of anamnesis, it
was found that the mother (Fig.1, c, 1:2)
also had similar hearing and kidney dis-
orders. Thus, in the total of the obtained
anamnestic data, the diagnosis of Alport
syndrome was suggested.

Molecular genetic analysis. For pro-
band II:1 (Fig.1, c), the complete exome
sequencing was performed. The analysis
was carried out by the method of paired-
end reading (2x100 bp) with an average
coverage of at least 70-100x. For sam-
ple preparation, we used the technique
of selective capture of DNA regions be-
longing to the coding regions of human
genes. The sequencing data were pro-
cessed using an automated algorithm,
including alignment of reads to the ref-
erence sequence of the human genome
(hg19), post-processing of the alignment,
identification of variants, and filtering of
variants by quality. The search for the
c.2375delA p.(Asp792fs) mutation fre-
quency in exon 29 of the COL4A5 gene
(chrX:107850101GA>G, NM_033380.2)
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was carried out using PCR-RFLP anal-
ysis. For amplification of fragments in
exon 29 of the COL4A5 gene (281 bp),
mismatch primers (F) 5-CCCCCATG-
GAAGGAAAAGTA-3' and (R) 5'-AATTC-
CAGACCTCAGGTGATCC-3' were used.
For restriction, the Hinf | endonuclease
with the GtANTC restriction site was
used.

3D modeling of the a5 chain struc-
ture of type IV collagen. 3D visualization
of the experimental spatial structure of
the human protein Collagen alpha-5(1V)
chain (UniProtKB - P29400 (CO4A5_
HUMAN)) was carried out using the Al-
phaFold program (https://alphafold.ebi.
ac.uk/entry/P29400). A PDB file of a pro-
tein with ¢.2375delA p.(Asp792fs) muta-
tion was obtained using Colab notebook.
Visualization of normal and truncated a5-
chain collagen IV was carried out using
the PyMol program (PyMOL Molecular
Graphics System).

Ethical control. The study was ap-
proved by the local committee on bio-
medical ethics of the Federal State Bud-
getary Scientific Institution “Yakutsk Sci-
entific Center for Complex Medical Prob-
lems”, Yakutsk, Russia (Protocol No. 16,
April 16, 2015).

Results and discussion. Whole ex-
ome sequencing revealed a novel hem-
izygous mutation in exon 29 of the CO-
L4A5 gene (transcript NM_033380.2)
c.2375delA p.(Asp792fs). This deletion
causes a frameshift, which results in the
replacement of aspartic acid with valine
at amino acid position 792 (Fig.1, b),
which leads to the appearance of a pre-
mature stop codon in exon 30 at position
818 of the amino acid sequence.

The identified mutation was also found
in the hemizygous state in proband II:2
(Fig.1, c). Affected family members had
a history of similar symptoms (hearing
problems and kidney disease). These
data indicate that the identified new mu-
tation in the COL4A5 gene may be the
cause of Alport's syndrome. In a sample
of 226 GJB2-negative patients with hear-
ing impairment, this mutation was not
found.

The COL4A5 gene consists of 51 ex-
ons and encodes the a5-chain of type IV
collagen, consisting of 1685 amino acids.
3D modeling of the structure of the a5-
chain of type IV collagen showed that as
a result of the c.2375delA p.(Asp792fs)
mutation, part of the collagen and the en-
tire NC1 domain (Fig. 2b). It is known that
the assembly of heterotrimers is initiated
due to interactions of NC1 domains [5, 7,
15]. Deletion of this region of the gene
can lead to disruption of the assembly of
the necessary heterotrimer (a3a4a5) for
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Fig. 1. Mutation with.2375delA p.(Asp792fs) of COL4A5 gene: a) — the localization of COL4A5
gene in the long arm of the X chromosome (q22.3); 6) is the sequenogram of c.2375delA muta-
tion with a frameshift, when the deletion of adenine (A) asparaginic acid (Asp - GAT) is replaced
by valine (Val - GTG); B) - a pedigree with ¢.2375delA mutation : squares are men, circles are
women; black are patients with mutation ¢.2375delA; arrows indicate probes; ? - no exact gen-
otype known
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Fig. 2. Normal COL4A5 gene with ¢.2375delA p.(Asp792fs) mutation and the a5-chain of type
IV collagen formed as a result of translation: a - schematic drawing of the COL4A5 gene and
the resulting normal a5-chain of type IV collagen; b) shortened (part of the collagen domain
and the entire NC domain is missing) a5-chain of type IV collagen as a result of the ¢.2375delA
p.(Asp792fs) mutation in the COL4AS5 gene



. YAKUT MEDICAL JOURNAL

the proper functioning of the basement
membrane in the tissues of the glomeruli
of the kidneys, cochlea, and eyes.

It is known that only 10-15% of chil-
dren with XLAS have de novo mutations
[12]. In the case of our patients, this
mutation was most likely passed from
mother to both sons, which excludes
the occurrence of this mutation de novo
in the proband and sibling, but does not
exclude the possibility of this variant de
novo in their mother.

We have not been able to analyze the
DNA of the parents of the proband, but it
is known that their mother also suffered
from kidney disease. Women heterozy-
gous for mutations in the COL4A5 gene
can also have Alport syndrome: some of
them may have all the overt signs of AS,
as in men (hearing problems, kidney fail-
ure, visual abnormalities), others may be
only minimally affected, and most can re-
main healthy throughout life [6, 17]. Thus,
in one study, the characteristics of wom-
en and girls with proven mutations in the
COL4A5 gene were compared with the
characteristics of hemizygous boys and
men from 195 families [19]. It was shown
that 95% of heterozygous girls and wom-
en had hematuria. Proteinuria, hearing
loss, and ocular abnormalities developed
in 75%, 28%, and 15% of heterozygotes,
respectively. The probability of develop-
ing end-stage renal disease before the
age of 40 was 12%, and deafness 10%.
The risk of progression of end-stage re-
nal disease in women increases after 40
years [19].

The reason for such a wide range of
pathological phenotypes in women with
heterozygous mutations in the COL4A5
gene is presumably X inactivation, which
is used by mammalian cells to equal-
ize the dose of genes between female
XX and male XY [8, 13]. At a very early
stage of development in females, either
the maternal or paternal X chromosome
is randomly blocked by a complex cel-
lular mechanism [13, 18]. This choice of
inactivation is passed on to all offspring
cells, resulting in a woman's body being
a mosaic of cells with either an active ma-
ternal or paternal X chromosome [8, 13].
It is assumed that in heterozygous wom-
en with severe phenotypes, a healthy

chromosome may be inactivated, which
may explain the preferential expression
of the mutant allele [14]. Thus, early, the
amount of COL4A5 mRNA was detected
in the kidneys and leukocytes of a wom-
an with two missense mutations in this
gene, who suffered from kidney disease.
At the same time, a correlation was found
between the severe phenotype of Alport's
syndrome (the patient underwent kidney
transplantation) and the absence of de-
tectable amounts of COL4A5 mRNA with
a normal sequence in the kidneys and
leukocytes [14].

Conclusion. In conclusion, it should
be noted that the identification of new
mutations in AS and associated phe-
notypes is very important for disease
prognosis, clarification of their clinical
significance, early DNA diagnostics, and
medical genetic counseling for families
with AS in Yakutia. The results obtained
complement the information available in
the literature on the molecular genetic
mechanisms of the occurrence of AS.
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FEATURES OF THE ENDOMETRIAL
MICROBIOME OF INFERTILE WOMEN

AND ITS EFFECT ON THE VIABILITY

OF THE “IMPLANTATION WINDOW” PHASE

Changes in the endometrial microbiome (dysbiotic type) were more often combined with dyschronism phenomena (inconsistency in the rate of
the gland maturation with the secretory phase of the menstrual cycle) in women than with secretory changes. The data obtained allow us to state
the dysbiotic type of microbiota appears to be a marker of violation of the morphological characteristics of the endometrium during the "implantation
window" phase, mainly against the background of a chronic inflammatory process. The dysbiotic profile of the endometrium in infertile women is
the cause of a violation of molecular mechanisms necessary for adequate blastocyst implantation. The studying endometrial microbiota increases
the likelihood of predicting reproductive outcomes before embryo transfer and choosing an effective treatment strategy when changing quantitative

and qualitative species characteristics.

Keywords: endometrium, endometrial microbiota, "implantation window" phase, lactobacillar (eubiotic) and dysbiotic microbiota types.

Introduction. The existing facts about
the complexity and multifactorial condi-
tionality of the implantation process have
been supplemented by a new microbio-
logical measurement of the human repro-
ductive potential [5].

The idea of the complexity of microbi-
al communities of various niches of the
human body became possible with the
introduction of the method of sequenc-
ing the ribosomal ribonucleic acid (rRNA)
16S gene, which is present in almost all
bacteria [21].

The refutation of the dogma about the
sterility of the uterus, separated from the
lower infected part of the reproductive
tract by the cervix, became possible with
the isolation of bacterial deoxyribonucle-
ic acid (DNA) taxa in 95% of endometrial
samples after hysterectomy in non-preg-
nant women without signs of inflamma-
tion or vaginosis in conditions minimizing
the risk of contamination [10].

Putting sequencing methods into prac-
tice made it possible to identify the rela-
tionship of microbiota disorders with var-
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ious manifestations of reproductive dys-
function (from the formation of gametes
in the gonads to implantation failures
and/or pregnancy complications) and gy-
necological diseases [19,24].

However, a consensus on the micro-
bial composition of the uterine nucleus
of infertile and fertile women has not yet
been formed, despite evidence of differ-
ences in the microbiota of the lower and
upper parts of the reproductive system
[1,28,34].

A vivid example of the abnormal en-
dometrial microbiota with qualitative and
quantitative transformations is chron-
ic endometritis (CE) in 45% of infertile
women with implantation failures and re-
current pregnancy losses [8,9,12,25,30].

Molecular detection of bacterial patho-
gens in endometrial samples showed an
agreement between results using either
polymerase chain reaction or sequencing
in 77.0% [31].

The mechanism of the effect of the
endometrial microbiota on the possibil-
ity of recurrent reproductive losses in
CE remains unclear. The 16S ribosomal
RNA sequencing method showed a large
number of Phyllobacterium and Sphingo-
monas in the endometrium and a positive
correlation of their content with immune
B cells, a negative correlation with mac-
rophages [22].

The features of the microbiome of
women with endometrial polyp (EP) are
believed to be associated with the pos-
sibility of their development on the CE
background due to the continuous pro-
duction of pro-inflammatory biological
factors [3,6].

Data on the influence of the microbial
community of the uterus on the effective-
ness of the realization of the reproductive
potential are contradictory due to small
samples of patients, differences in as-

sessment methods (a variety of Lactoba-
cillus types, their relationship with oppor-
tunistic microorganisms, the presence of
obligate pathogens).

Publications on the relationship be-
tween the predominance of Lactobacil-
lus spp. in the endometrium (= 90% or =
80%) by sequencing 16S ribosomal RNA
with a significant increase in the frequen-
cy of implantation, clinical pregnancy, its
prolongation and live birth [23] confirm
the prospects of predicting the outcomes
of infertility treatment/IVF programs
based on the analysis of the uterine mi-
crobiome.

Controversial issues of the expedi-
ency and effectiveness of antibacterial
therapy in infertile women are associat-
ed with the lack of clear ideas about the
endometrial microbiota in each case.
A recent meta-analysis of five studies
(796 women) showed no differences in
the reproductive performance of women
with CE who received antibiotic therapy
compared with the control group without
treatment [13].

On the contrary, an increase in the fre-
quency of implantation and pregnancy in
IVF protocols of women with unexplained
infertility, the restoration of fertility in case
of recurrent implantation failures is as-
sociated with the CE antibiotic therapy
[8,13,14].

The objective of the research: to
study the microbiota and morphological
characteristics of the endometrium in the
phase of the “implantation window” of
women with infertility of various genesis.

Materials and methods of the re-
search: A prospective examination of
127 women of reproductive age who ap-
plied for infertility, including after ineffec-
tive attempts of in vitro fertilization (IVF),
was performed.

The selection and examination of mar-
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ried couples were carried out on the ba-
sis of the Department of Assisted Repro-
ductive Technologies of the Federal State
Budgetary Institution “National Research
Center of Endocrinology” of the Minis-
try of Health of the Russian Federation
in Moscow, as well as the center for the
emergency medical care of the Republi-
can Hospital No. 2 in Yakutsk.

Criteria for inclusion in the study:
age from 25 to 40; infertile women with
verified CE, including in combination with
endometrial polyp (EP); with tubal and id-
iopathic infertility; absence of male infer-
tility factor; absence of infertility or fertility
disorders of any other genesis; voluntary
informed consent to the study.

Exclusion criteria: somatic diseas-
es in the decompensation stage, acute
inflammatory diseases of the pelvic or-
gans and infectious diseases (tuberculo-
sis, syphilis, HIV infection, viral hepatitis,
acute genital herpes), autoimmune, men-
tal diseases, the use of an intrauterine
device at the time of the study, antibiotic
therapy at least a month before inclusion
in the study.

The first group consisted of women
with unexplained infertility (idiopathic)
(n=32), the second — with tubal infertility
(n=38), the third — with infertility on the
CE background in combination with EP
(n=21), the fourth — with infertility on the
CE background in general (n=36).

The examination of infertile women
was carried out in accordance with the
order of the Ministry of Health of the
Russian Federation dated August 30,
2012 No. 107n “On the procedure for the
use of assisted reproductive technolo-
gies, contraindications and restrictions
to their use” (ed. dated 11.06.2015 and
01.02.2018).

All patients signed an informed con-
sent to participate in the study.

The scope of the examination included
assessment of complaints, anamnesis,
general and gynecological examination,
laboratory (clinical blood test, general
urinalysis, biochemical method, hemo-
stasiogram) and instrumental (hysteros-
copy) studies.

Hysteroscopy was performed on days
7-9 of m.c. (when diagnosing the signs of
PE and PE by ultrasound of the pelvic or-
gans) with subsequent collection of ma-
terial for morphological examination. The
morphological signs of CE were present-
ed by inflammatory infiltrates from lym-
phoid elements around glands and blood
vessels, rarely diffusely; focal infiltrates in
the form of “lymphoid follicles” in the bas-
al and in all parts of the functional layer,
consisting of leukocytes and histiocytes;
the presence of plasma cells; focal stro-

ma fibrosis; sclerotic changes in the walls
of the spiral arteries of the endometrium.

CE was also verified immunohisto-
chemically (markers CD 138+). In other
cases, endometrial aspiration pipel-biop-
sy was performed during the "implanta-
tion window" phase (on days 20-24 of the
menstrual cycle (ppm)).

Pathomorphological and immunohis-
tochemical studies were performed ac-
cording to the standard method.

Microbiological examination of the en-
dometrium by real-time polymerase chain
reaction (PCR) (Femoflor 16 tests, from
Scientific and Production Association
“50 DNA Technology” LLC (Russia)) was
conducted to assess the presence and
content of lactobacilli, opportunistic and
pathogenic microorganisms (chlamydia,
gonococci, Mycoplasma genitalium) in
genome-equivalent units (GE/ml) on the
IQ5 Multicolor Real-Time PCR Detection
System from BIO-RAD (USA).

Chronic endometritis total

Chronic endometritis in combination with
an endometrial polyp

Tubal infertility

Unexplained infertility

m Dyschronism

The protocol for patients’ monitoring
and the examination program were ap-
proved by the local ethics committee, the
study was carried out in accordance with
the principles of the Helsinki Declaration
of the World Association “Ethical Princi-
ples of Scientific and Medical Research
involving humans”.

Statistical data analysis was per-
formed in the IBM SPSS STATISTICS 22
package.

Qualitative variables were analyzed
by constructing conjugacy tables using
Pearson's chi-squared (x2) test, with a
small number of observations (less than
5) — Fisher’s exact test.

Statistically  significant
were considered at p < 0.05.

Results and research methods. Ac-
cording to the histological study of en-
dometrial biopsies in the “implantation
window” phase, their compliance with
the secretion phase was statistically sig-
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nificantly more common in women with
unexplained infertility — one and a half
times than with Tl (p=0.03, x2=5.1), twice
—with CE (p=0.00, x2 =12.3), including in
combination with EP (p= 0.002, x2 =9.7)
(Figure 1).

Figure 1 — Conclusions of morpholog-
ical studies of endometrial biopsies of
infertile women in the “implantation win-
dow” phase

Morphological signs of inconsistency
between the architectonics of the endo-
metrium and the “implantation window”
phase, dyschronism in the maturation of
the glandular epithelium and stroma, and
uneven distribution of glands with accu-
mulations in the perivascular zones in
women with unexplained infertility were
statistically significantly less common
than in other groups: 2.6 times than with
TI (p=0.03; x2=5.1), 3.4 times — with CE
(p=0.00; x2=12.3) and its combination
with EP (p=0.002; x2=9.7).

In endometrial biopsies of almost half
of women with TI, a picture of the middle
stage of the phase of secretion was re-
vealed, in the rest — dyschronism.

The features of the uterine microbiome
of infertile women (Figure 2) were deter-
mined by the dominant type of bacteria
detected: lactobacillar (more than 90%),
mixed (less than 90% in combination with
opportunistic microorganisms) and dys-
biotic (absence of lactobacilli, predomi-
nance of opportunistic microorganisms).

The predominance of the lactobacillar
type of microbiota in the endometrium of
women with unexplained infertility was
more common than in the other groups,
but without statistically significant differ-
ences.

The frequency of a mixed microbiota
profile (lactobacilli less than 90% of the
total bacterial mass in combination with
opportunistic microorganisms) in the en-
dometrium of infertile women of different
groups did not significantly differ. Bacteri-
al communities with a high proportion of
potential pathogens (isolated or mixed)
in the endometrium of women with un-
explained infertility were detected three
times less often than with CE (p=0.03;
X2=5.3), twice as often as TI, however,
no statistically significant intergroup dif-
ferences were found.

The lactobacillar profile in the endo-
metrium of women with unexplained in-
fertility was detected more often than in
the other groups, one and a half times
than with CE (p=0.03; x2=5.3).

Data on the occurrence of a variant of
a reduced level of lactobacilli in combina-
tion with opportunistic microorganisms in
groups of infertile women are presented
in Figure 3
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Fig. 3. Characteristics of the non-lactobacillar biotope of the endometrium of infertile women.
There were no statistically significant differences between the groups

The spectrum of microorganisms with
a mixed type of microbiota was repre-
sented mainly by monocultures with the
highest proportion of Gardnerella vagina-
lis, Enterobacteriaceae and Staphylococ-
cus spp. compared with other infections.
Gardnerella vaginalis mixed with Mobi-
luncus spp. and Eubacterium spp. were
found in separate groups of women with
infertility (in a small number).

The characteristics of the endometrial
biotope of infertile women with the dom-
inant opportunistic microorganisms (dys-
biotic) are shown in Figure 4.

The basis of the dysbiotic microbiome
of the uterus of infertile women consisted
mainly of monocultures (Gardnerella vag-
inalis, Mycoplasma hominis, Ureaplasma
spp., Streptococcus spp. and Enterobac-
teriaceae), mixed facultative and obligate
anaerobic bacteria were found in insig-
nificant quantities. Obligate pathogens
were not detected in the uterine cavity of
infertile women.

Enterobacteriaceae,/ Gardnerella
vaginalis
Mobiluncus spp./ Atopobium 0
vaginae
Eubacterium spp./ Gardnerella
vaginalis

Streptococcus spp. 0

Ureaplasma spp.

Gardnerella vaginalis

Atopobium vaginae/ | §

The results of the analysis of the en-
dometrial biotope of infertile women with
different morphological characteristics of
the endometrium in the “implantation win-
dow” phase are presented in Table 1.

The eubiotic profile of the endometrial
microbiota was more common in women
with its structure corresponding to the
middle stage of the phase of secretion
with the highest index in unexplained in-
fertility: twice (p=0.03; x2=5.8) than with
TPI, three times — than with CE (p=0.00;
x2=14.0) and its combination with EP
(p=0.04; x2=9.1). The endometrial mi-
crobiome with a high proportion of lacto-
bacilli in the presence of morphological
signs of dyschronism was determined
only in 6.3% of women.

In women with a mixed endometri-
al biotope (lactobacilli content less than
90% with the variability of opportunistic
microorganisms), samples with mor-
phological signs of the middle stage of
the phase of secretion were detected in
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no statistically significant differences between the groups
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Morphological features of the endometrium in the “implantation window” phase in various variants

of the uterine microbiome of infertile women
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Fig. 5. Characteristics of the endometrial microbiome with various morphological characteristics
in the “implantation window” phase. * Differences in indicators between groups are statistically

significant (p<0.05)

13.3%, dyschronism — twice as high with
CE as with TPI and unexplained infertility
(22.5% vs. 8.8% on average). In the pres-
ence of potential bacterial pathogens in
the endometrium, a discrepancy between
its architectonics and the secretory phase
of the menstrual cycle was more often
noted. The morphological consistency of
the endometrium during the “implantation
window” phase was determined only in
5.0% of infertile women with a dysbiotic
type of microbiota.

Data on the nature of the endometrial
microbiota (eubiotic and dysbiotic types)
depending on the morphological char-
acteristics in the “implantation window”
phase are presented in Figure 5.

The eubiotic type of microbiota in a
sample of infertile women with a picture
of the middle stage of the phase of se-
cretion in endometrial samples was sig-

nificantly more often than with incomplete
secretory transformation of the stroma (p
= 0.00; x2=38.6). In case of endometri-
al glands and stroma dyschronism in
the “implantation window” phase, most
women had a dysbiotic microbiota type,
almost five times more likely than with se-
cretory changes (p = 0.00; x2=38.6).

Our results suggest that the dominant
Lactobacillus spp. biotope, modulating
the function of endometrial cells and
the local immunity system, is involved in
the regulation of the fertile potential. It is
probably the lactobacillar microbial pro-
file that defines the endometrium as an
immunologically favorable niche for blas-
tocyst implantation [2,4]. The dominance
of Lactobacillus (relative abundance>
90% relative to MBP) in the endometrial
microbiota of infertile women is associat-
ed not only with the success of implan-

tation, but also with the live birth rate in
IVF protocols [15,18]. We believe that mi-
crobial homeostasis in the endometrium
determines resistance to colonization by
opportunistic flora, the ability to express
genes that affect receptivity in the “im-
plantation window” phase [27]. The data
obtained allow us to state the concept of
a complete remodelling necessary for a
susceptible endometrium, mainly in the
presence of a lactobacillar type of micro-
biota. The causes of infertility in these
women may be associated with an imbal-
ance of pro- and anti-inflammatory reac-
tions in the endometrium.

Microbial diversity in the endometrium
of infertile women with CE with a high
proportion of Gardnerella vaginalis and
Atopobium vaginae should be considered
as a violation of protective physiological
barriers and/or functional inferiority of
cellular immunity components. Data on a
lower frequency of Gardnerella vaginalis
in women without CE allowed the authors
to suggest their adverse effect on the
possibility of pregnancy in natural cycles
and IVF protocols [26].

The dysbiotic profile of the endome-
trium in 40.3% of infertile women with
CE, a third — with TPl and 13.6% — with
unexplained infertility seems, similar to
the opinion of other authors [7,16,20], to
be the cause of unfavorable molecular
mechanisms for implantation. The pres-
ence of type IV CST (community state
types) microbiota in the endometrium,
especially Gardnerella and Streptococ-
cus genra, is associated with a significant
decrease in the frequency of implanta-



tion, pregnancy and miscarriage [18].
Changes in the endometrial microbiome
of women with EP on the CE background
(reduction of the lactobacillar profile by
less than 90% in 22.6%; dysbiotic type
— 29.0%) were associated with the phe-
nomena of dyschronism (inconsistency
of changes in the architectonics of the
mucosa with the secretory phase of the
menstrual cycle). Such correlations con-
firm the concept of a decrease in wom-
en's reproductive potential with a change
in the molecular functions of endometri-
al microbes involved in the regulation of
cellular metabolism, the immune system,
and signaling cascades [11,29,32,33].

The pathological effects of bacteria on
the endometrium at the dysbiotic profile
are associated with a change in the func-
tional activity of the local immune system
and the development of an unfavorable
environment for blastocyst implantation
[3]. Obviously, the decision in favor of an-
tibiotic therapy should be made after the
confirmation of the inflammatory process
modulated by the presence of non-lacto-
bacillar microbiota in the endometrium.

Conclusion. Thus, the dysbiotic mi-
crobiota type appears to be a marker of
a violation of the morphological charac-
teristics of the endometrium during the
“implantation window” phase, mainly on
the background of a chronic inflamma-
tory process of the endometrium. The
effect of the non-lactobacillar biotope on
the transformation of the endometrium
in the “implantation window” phase and
the possibility of inflammation depend on
the balance of local immunoregulatory
resources, which is the subject of further
research.

The analysis of the composition of the
endometrial microbiota is informative for
predicting reproductive outcomes before
embryo transfer, improving diagnosis and
choosing a treatment strategy. The de-
tection of lactobacillar type microbiota in
the endometrium in infertile women with
CE proves to be a reasoned rejection of
antibiotic therapy.
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Lichen planus (CPL) occupies a special place among diseases of the oral mucosa (COPR) associated with chronic keratosis, which occurs in
50-75% of cases in the structure of mucosal pathologies. At the same time, despite extensive study, the problems of its treatment and prevention
remain unresolved and the pathogenetic mechanisms have not been fully elucidated. In this regard, the study of the intensity of local processes of
free radical oxidation at CPL COPR is an urgent task.

The purpose of the study: to evaluate the intensity of free radical oxidation processes in patients with CPL COPD in the oral fluid.

Materials and methods of research. 66 patients with a diagnosis of CPL COPR and 33 practically healthy individuals were examined. To
characterize the intensity of SRO in the main and control groups, oral fluid was taken into test tubes after preliminary rinsing of the oral cavity with
10 ml of 0.9% sodium chloride solution. The intensity of free radical oxidation processes in the oral fluid was characterized by chemiluminescence
(CML) on the LS 50B "PERKIN ELMER" spectrometer. Statistical processing of the results was carried out using methods of variational statistics.

Results and discussion. Studies of chemiluminescence of mixed saliva in patients with CPL SOPR showed an increase in the generation
of oxygen radicals and lipid peroxides: the Ssp value, confirming the intensity of production of toxic radicals, exceeded the identical indicator of
the control group by 1.4 times (p<0.05). Against the background of intensive generation of radical products (H) of mixed saliva in the main group,
the indicator is 2.42 times (p<0.05) higher compared to the same indicator in practically healthy individuals, there was a decrease in the level of
antioxidant antiradical protection (Sind-2) by 1.66 times (p<0.05), which indicates insufficient activity of the antioxidant defense system (AOS) of
a patient with CPL SOPR. Chemiluminescence studies have shown that patients with CPL COPD revealed an imbalance between the processes
of SRO and antioxidant protection, this is due to an increase in oxidant load and a decrease in antioxidant resources in mixed saliva in the main
group compared with identical data in practically healthy individuals. The results obtained indicate the generation of free radical reactions in the
group with CPL of the COPR.

Conclusion. An imbalance in the ratio of the processes of "formation of active metabolites — destruction of active metabolites" indicates hyper-
production of toxic SRO products in mixed saliva in patients with CPL COPR and disruption of work in the AOS system. The study of the activity of
the SRO processes and the AOS system can be a condition for increasing the effectiveness of the therapy, by making adjustments to the standard

treatment regimens of this category of patients, taking into account the functional state of the body's antioxidant barrier.
Keywords: chemiluminescence, lichen planus, oral fluid, free radical oxidation, antioxidant defense system.

Introduction. Lichen planus occupies
a special place among diseases of the
oral mucosa associated with chronic ker-
atosis, which occurs in 50-75% of cases in
the structure of mucosal pathologies [3].

The cause of the disease has not been
studied enough. In many works, the opin-
ion is given that numerous risk factors
can be the impetus for the development
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of lichen planus: toxic-allergic, heredi-
tary, viral and neurogenic origin. Based
on clinical observations, researchers as-
sociate the occurrence of CPL with the
influence of exogenous and endogenous
factors on the tissues and organs of the
oral cavity, taking certain medications,
and general somatic pathology [1].

The clinical picture of CPL is charac-
terized by the appearance of nodular ele-
ments on the SOPR with a combination of
exudative-hyperemic, erosive-ulcerative,
bullous and hyperkeratotic lesions [1].
One of the main mechanisms of destruc-
tion of cell membranes is oxidative stress
(OS), which leads to hyperproduction of
free radicals and has high activity. The in-
tensification of free radical processes and
the development of OS is one of the links
in the inflammatory processes of immu-
nogenesis in lichen planus.

Violation of the balanced state be-
tween the processes of free radical oxi-
dation (SRO) and the activity of antioxi-
dant protection (AOS) can lead to a viola-
tion of the integrity of the oral mucosa [5].
The biochemical characteristics of the in-
tensity of SRO in blood serum and mixed
saliva in patients with CPL COPR on the
background of primary hypothyroidism
were studied, indicating an increase in
the activity of free radical processes with

a decrease in antioxidant protection. The
timely correction of the revealed patho-
biochemical disorders in endocrine pa-
thology is justified [4].

Variants of changes in the intensity of
SRO in mixed saliva are a reflection of
the general processes occurring in the
oral cavity and related to the biochemical
processes of the body as a whole [2].

The purpose of the study — to evalu-
ate the intensity of free radical oxidation
processes in patients with CPL COPR in
the oral fluid.

Materials and methods of research.
A survey of 66 patients diagnosed with
CPL COPR (the main group), aged 35 to
65 years, including 18 men (27.2%) and
48 women (72.8%). The average age
was 54.3+1.3 years. The control group
consisted of 33 practically healthy individ-
uals, aged 35 to 65 years, without lesions
of the oral mucosa, aged 52.3+1.7 years,
25 (75.7%) women and 8 (24.3%) men.

To characterize the intensity of SRO
in the main and control groups, oral flu-
id was taken into test tubes after prelim-
inary rinsing of the oral cavity with 10 ml
of 0.9% sodium chloride solution. Saliva
was pre-frozen for 3-5 days, followed by
defrosting and centrifugation with a rota-
tion speed of 1500 rpm. The material for
the work was a filler fluid.



The intensity of free radical oxidation
processes in the oral fluid was charac-
terized by chemiluminescence on the LS
50B "PERKIN ELMER" spectrometer [2].
Spontaneous and induced Fe2+ CML
were studied.

CML indicators were recorded: spon-
taneous glow reflecting the intensity of
free radical formation (Ssp), after initia-
tion (addition of an activator — iron), the
value of a "fast" flash (h) of induced CML
was determined, indicating the content
of lipid hydroperoxides and the lumines-
cence light sum (Sind-1) reflecting the
rate of accumulation of lipid peroxide rad-
icals.

The kinetics of CML initiated by H202
in the presence of luminol was analyzed
by light sum in 1 min. luminol - depen-
dent CML, indicating the intensity of free
radical formation and the state of free
radical peroxidation without external in-
fluence (Slum); by the maximum of H202
— induced luminescence (H) depending
on the rate of oxidation and formation of
reactive oxygen species in the medium
and reflects the intensity of SRO; by the
light sum for 2 min. H202 - induced CML
(Sind-2), indicates the activity of AOS.
The indicators were determined in rela-
tive units of luminescence intensity.

Statistical processing of the results
was carried out using the methods of
variational statistics with the calculation
of the arithmetic mean (M), the standard
deviation of the studied features (o) and
the error of the arithmetic mean (m), 95%
significance level was considered reli-
able. The parametric criterion of the re-
liability of Student-Fisher differences (t)
was used to compare the averages with
the normal distribution of the variant.

Results and discussion. Studies of
chemiluminescence of mixed saliva in
patients with CPL SOPR showed an in-
crease in the generation of oxygen rad-
icals and lipid peroxides: the Ssp value,
confirming the intensity of production of
toxic radicals, exceeded the identical in-
dicator of the control group by 1.4 times
(1,272+0.052 vs. 0.908+0.108 rel.units; P
< 0.05). Studies of chemiluminescence of
mixed saliva in patients with CPL SOPR

showed an increase in the generation of
oxygen radicals and lipid peroxides: the
Ssp value, confirming the intensity of pro-
duction of toxic radicals, exceeded the
identical indicator of the control group by
1.4 times (1,272+0.052 vs. 0.908+0.108
rel.units; P < 0.05).

The toxic effect of free radicals is man-
ifested in the intensification of lipid per-
oxidation processes in the main group,
the activation of the production of lipid
hydroperoxides (h) was found to be 1.69
times higher (2.036 +0.088 vs. 1.203 +
0.132 rel.units; P< 0.05) than the level of
practically healthy individuals.

The leading mechanism for the devel-
opment of hyperactivation of free radical
oxidation is an increase in the rate of for-
mation of lipid peroxide radicals (Sind-1),
recorded in patients with CPL COPR, a
significantly high level was noted 1.96
times higher than normal (4,117+ 0.212
vs. 2,096 + 0.254 rel.units; P < 0.05).

An increase in the concentration of hy-
droxyl radicals in mixed saliva was found
in patients with CPL COPR, in contrast
to the control group, which is reflected by
an increase in the value (Slum) by 1.26
times (1.266 + 0.051 vs. 1.002 + 0.099
rel.units; P < 0.05).

Against the background of intensive
generation of radical products (H) of
mixed saliva in the main group, the indi-
cator was 2.42 times higher (3.4+0.186
vs. 1.482+0.090 rel.units; P< 0.05) com-
pared to the same indicator in practically
healthy individuals, there was a decrease
in the level of antioxidant antiradical
protection (Sind-2) by 1.66 three times
(3,555+£0.120 vs. 2,137+0.066 rel.units;
P < 0.05), which indicates insufficient ac-
tivity of the AOS system of a patient with
CPL SOPR.

Chemiluminescence studies have
shown that patients with CPL COPR re-
vealed an imbalance between the pro-
cesses of SRO and antioxidant protec-
tion, this is due to an increase in oxidant
load and a decrease in antioxidant re-
sources in mixed saliva in the main group
compared with identical data in practical-
ly healthy individuals.

The obtained results indicate an in-
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crease in the generation of free radical
reactions against the background of
weakening of antiradical protection in the
group with CPL COPR, which indicates
the development of local oxidative stress,
which is one of the pathogenetic links of
inflammatory processes occurring in the
oral mucosa.

Conclusion. The revealed imbalance
in the ratio of the processes of "formation
of active metabolites — destruction of ac-
tive metabolites" indicates hyperproduc-
tion of toxic SRO products in mixed saliva
in patients with CPL COPR and disrup-
tion of work in the AOS system, requiring
a differentiated approach to the appoint-
ment of corrective antioxidant therapy.

The study of the activity of the SRO
processes and the AOS system can be a
condition for improving the effectiveness
of the therapy, by making adjustments to
the standard treatment regimens in this
category of patients, taking into account
the functional state of the body's antioxi-
dant barrier.
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The term "phacosurgery" combines various surgical technologies for the complete or partial removal of the lens. The last decades are charac-
terized by an almost complete transition from extracapsular cataract extraction to the so-called. microinvasive phacosurgery, in particular, standard
ultrasound and hybrid (femtolaser) phacoemulsification. Nevertheless, in a number of cases (for example, when the so-called brown cataract is
combined with severe dystrophic changes in the cornea), extracapsular extraction, which involves the removal of the “whole” nucleus through a
wide surgical incision in the limbal zone of the cornea, is still the method of choice for phacosurgery. The condition of the cornea after phacosurgery
remains one of the criteria for the success of the intervention. In this case, as a rule, attention is focused on the "loss" of cells of the posterior epi-
thelium and violations of the optical regularity of the cornea. Changes in corneal nerve fibers (CNF) have been studied to a lesser extent.

The aim of the study was to study the structural changes in CNF after extracapsular cataract extraction based on laser confocal microscopy.

The studies were conducted on the clinical material of 20 operations of extracapsular cataract extraction, which were performed on 20 patients
aged 52 to 74 years. The condition of CNF was assessed before and after 7-10 days, 2-2.5 and 6 months after surgery, using the length and density
of the main branches of CNF (in mm/mm2 and units/mm2, respectively) in the central zone of the cornea.

Regardless of the timing of follow-up, a decrease in the length and density of CNF was revealed with a moderate tendency to recovery by the
6th month after the intervention. Despite this, a statistically significant decrease in the average length of the main CNFs persisted during all periods
of observation, and in density - for 2-2.5 months.

Factors that induce changes in CNF after various phacosurgery techniques include their intersection during the surgical incision and the energy
impact on the cornea. When using microinvasive techniques, taking into account the minimization of the length of the incision, ultrasound and/
or laser radiation may be the dominant factor, and when using the extracapsular technique, the directly extended corneal incision, accompanied
by the intersection of the CNF. In clinical practice, potential disturbances in the CNF structure after phacosurgery should be taken into account
in situations accompanied by pronounced initial changes in CNF (condition after keratoplasty and excimer laser keratorefractive surgery, various

types of systemic polyneuropathy).

Keywords: corneal nerve fibers, extracapsular cataract extraction, laser confocal microscopy of the cornea.

Introduction. The term "phacosur-
gery" combines various surgical technol-
ogies for the complete or partial removal
of the lens. The last decades are charac-
terized by an almost complete transition
from extracapsular cataract extraction
to the so-called. microinvasive phacos-
urgery, in particular standard ultrasound
and hybrid (femtolaser) phacoemulsifi-
cation [6, 4]. Possible limitations of the
use of microinvasive phacosurgery tech-
niques are associated with such techni-
cal elements of the intervention as en-
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ergy fragmentation and emulsification of
the nucleus, which are potential sources
of complications caused by damage to
the ligamentous-capsular apparatus of
the lens and posterior corneal epitheli-
um. The probability of these violations
increases in a number of complicated
situations, for example, with a combina-
tion of the so-called. brown cataract with
severe dystrophic changes in the cornea.
In these cases, the method of choice for
phacosurgery is still extracapsular cata-
ract extraction, which involves the remov-
al of the “whole” nucleus through a wide
surgical incision in the limbal zone of the
cornea.

The condition of the cornea after
phacosurgery remains one of the crite-
ria for the success of the intervention. In
this case, as a rule, attention is focused
on the "loss" of cells of the posterior
epithelium and violations of the optical
regularity of the cornea. To a lesser ex-
tent, changes in the nerve corneal nerve
fibers (CNF), an important structural
component that provides the function
of its sensitivity, have been studied. To
date, a detailed study of the state of
CNF is one of the directions for assess-
ing the structural and functional state of
the cornea. Structural analysis is based
on various technologies of confocal
microscopy, a method that allows, at a

level close to morphological, to analyze
the state of various anatomical layers
and components of the cornea. Accord-
ing to the literature data based on con-
focal microscopy, the diameter [11, 10],
the density and length of the fibers and
their branches [17], the coefficients of
anisometropia and directional symmetry
[7] are used for the structural character-
istics of CNF.

In a number of previous studies,
changes in CNF have been studied in
such systemic diseases as diabetes mel-
litus, amyloidosis, Parkinson's disease,
past coronavirus infection, and other
pathologies accompanied by the devel-
opment of polyneuropathy [2,3,8,13,14].
The need to study CNF after various
methods of phacosurgery is dictated by
a number of circumstances: the pres-
ence of corneal incisions of various local-
ization and length, the energy effect on
the posterior layers of the cornea when
performing microinvasive technologies,
and, finally, the possibility of preoperative
changes in the cornea of various origins,
as well as a combination of pathological
changes in the lens with various endo-
crinological and neurological diseases
affecting the initial state of CNF. Taking
into account the anatomical features of
the CNF (“penetration” into the cornea in
the limbus zone), the main cause of their



damage during extracapsular cataract
extraction can be the so-called. the cor-
neal incision is rather long.

In previous studies, a decrease in
the sensitivity of the cornea in the inci-
sion zone, a decrease in the density and
thickening of the CNF after microinva-
sive ultrasonic phacoemulsification was
noted [9,12,16]. When assessing the
state of CNF after standard ultrasound
and hybrid phacoemulsification, chang-
es were revealed that, according to the
authors, are comparable to age-related
changes - a decrease in the anisotropy
coefficient of directivity and an increase
in the symmetry coefficient of directivity
of CNF [5].

The aim of this study was to study the
structural changes in CNF after extracap-
sular cataract extraction based on confo-
cal microscopy.

Materials and methods. The studies
were conducted on the clinical material of
20 operations of extracapsular cataract
extraction, which were performed on 20
patients aged 52 to 74 years. Criteria for
exclusion from the observation group:
pathological changes in the cornea of
any origin and systemic polyneuropathy
of various etiologies. All patients gave in-
formed consent to participate in the study.

In the process of extracapsular ex-
traction at a distance of 0.5 mm from the
limbus, a corneal incision was performed
from 10:00 to 02:00 hours of the dial
scale, tangential capsulotomy in the up-
per third of the anterior capsule, nuclear
expression, lens sac lavage, intercapsu-
lar implantation of an intraocular lens,
and removal of the central part of the
anterior capsule. The incision was sealed
with a continuous X-shaped nylon suture
with a dipping knot.

The condition of CNF was assessed
before and after 7-10 days, 2—2.5 and 6
months after the operation. When choos-
ing the maximum period of postoperative
follow-up (6 months), we took into ac-
count the known and noted in previous
studies time period of reinnervation pro-
cesses in case of CNF damage [15].

The previously developed algorithm
for assessing the state of CNF is based
on the analysis of images obtained using
a laser confocal microscope (HRT Il de-
vice with a corneal attachment Rostock
Cornea, Germany) using the original Lin-
er 1.2S software [1, 7]. As the main crite-
ria for assessing the structure of the CNF,
we used the length and density of the
main branches of the CNF (in mm/mm2
and U/mm2, respectively) in the central
zone of the cornea.

Statistical analysis and assessment of
the reliability of the results obtained were

4 2022 N B

Average length and density of the main CNF (M £ d)

Examination terms
Index 1 2 3 4
Main CNF lepgth (/|- 344050 | 190+3.9% | 213443 | 268+3.4%
Density of main CNF 5217 2.240.9% 34413 3.941.6
(units/mm?)

* differences compared to baseline are statistically significant (p <0.05)

carried out using Microsoft Excel 2010
and Statistica 8.0 software.

Results and discussion. Differences
in the initial parameters were within the
limits of age fluctuations, the average
values of the length and density of the
main branches of the CNF were 34.4 +
5.1 mm/mm2 and 5.2 + 1.7 units/mm2,
respectively. The table shows the aver-
age values of the indicated indicators of
the state of CNF at different periods of
observation. Designations 1, 2, 3and 4 in
the table correspond to the terms of the
examination (before and after 7—-10 days,
2-2.5 and 6 months after the operation,
respectively).

Regardless of the timing of follow-up,
a decrease in the length and density of
the main CNFs was revealed with a mod-
erate tendency to recovery by the 6th
month after the intervention. Despite this,
a statistically significant decrease in the
average length of the main CNFs per-
sisted throughout the entire observation
period, and the density of the main CNFs
persisted for 2—2.5 months. As a clinical
example, Figure 1 shows the results of
confocal microscopy before and after ex-
tracapsular cataract extraction.

In a previous study, changes in the
CNF structure after standard ultrason-
ic and hybrid phacoemulsification were

The results of laser confocal microscopy and the length (mm/mm2) and density (un/mm2) indices
of the main CNFs, respectively, before (a) and at different times (b, c, d) after extracapsular
cataract extraction: a) before surgery - 54.91 /7, b) after 10 days - 18.69/ 3, c) in. after 2 months

-41.04 / 5, d) after 6 months - 54.10/ 6
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analyzed using the directional anisotro-
py and directional symmetry coefficients
characterizing the state of the CNF based
on the analysis of their tortuosity and di-
rectionality [5]. Regardless of the opera-
tion technique, there was a tendency to a
decrease in the directional anisotropy co-
efficient and an increase in the directional
symmetry coefficient, which indicates an
increase in the crimp of the fibers and a
violation of their orientation. After hybrid
phacoemulsification, the decrease in the
directional anisotropy coefficient 2-2.5
months after the intervention turned out
to be statistically less significant com-
pared to the standard ultrasound tech-
nique, which may be due to a lower en-
ergy “load” on the cornea in the process
of fragmentation and emulsification of the
lens nucleus.

The factors that induce changes in
CNF after various phacosurgery tech-
niques include the intersection of fibers
during the surgical incision and the en-
ergy impact on the cornea. When using
microinvasive techniques, taking into
account the minimization of the length of
the incision, ultrasound and/or laser ra-
diation may be the dominant factor, and
when using the extracapsular technique,
the directly extended corneal incision,
accompanied by the intersection of the
CNF.

Conclusion. With the obvious con-
ditionality of comparing the results of
assessing the state of CNF after extra-
capsular cataract extraction and microin-
vasive phacosurgery, it should be noted
that in the first case there are more pro-
nounced changes that persist even in the
long term after surgery. In clinical prac-
tice, potential disturbances in the CNF
structure after phacosurgery should be
taken into account in situations accom-
panied by pronounced initial changes in
CNF (condition after keratoplasty and ex-

cimer laser keratorefractive surgery, var-
ious types of systemic polyneuropathy).
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FAMILIAL HYPERCHOLESTEROLEMIA
WITH MOLECULAR GENETIC
CONFIRMATION IN THE REPUBLIC

OF SAKHA (YAKUTIA)

The article presents the first clinical cases with the results of molecular genetic confirmation of the mutation of the low-density lipoprotein recep-
tor gene in patients of the Lipid Cabinet of the GAU RS(Ya) "RCBNo. 3" with a diagnosis of "probable" familial hypercholesterolemia.
Keywords: familial hypercholesterolemia, low-density lipoproteins (LDL), lipidogram, genetic mutation, statins, cascade screening.

Introduction: Familial hypercholes-
terolemia (CGHS) is characterized by an
increase in the level of low—density lipo-
protein cholesterol (LDL cholesterol) and
it is the most common genetic cause of
the early development of myocardial in-
farction and angina pectoris. This disease
is caused by pathogenic mutations, more
often in the LDL receptor gene (LDL),
less often in the APOB and PCSK9 pro-
teins. GHS significantly increases the
risk of developing cardiovascular diseas-
es of atherosclerotic genesis, the clinical
manifestation of which occurs at a young
age and leads to a 20-fold increase in
the probability of cardiovascular mortali-
ty [1,6]. About 200 thousand patients die
from potentially preventable heart attacks
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every year in the world [7,8], and time-
ly initiated lipid-lowering therapy signifi-
cantly prolongs the life of such patients
[1,8,9].

According to the results of recent stud-
ies, the incidence of heterozygous famil-
ial hypercholesterolemia in European
countries was on average 1 case per 500
people [8]. According to some literature
data, this indicator can reach 1 case per
200-250 people, that is, from 14 to 34 mil-
lion cases in the world [8,9].

Presumably, in Russia, the number of
people with a heterozygous form of Fa-
milial hypercholesterolemia is more than
1 million. Nowadays, many of them have
not been diagnosed [2,3]. This is due to
the fact that in Russia the diagnosis of
"Familial hypercholesterolemia" is very
rare, there is no unified system of ac-
counting for these patients, and therefore
the true prevalence of the disease is still
unknown [1,5,6]. According to the ESSE-
RF study [4,6], which was conducted in
13 regions of the Russian Federation, the
prevalence of "definite" and "probable"
Familial hypercholesterolemia was stud-
ied only in 3 regions: in the Kemerovo
and Tyumen regions itis 1 in 108 people,
and in the Primorsky Territory the prev-
alence of Familial hypercholesterolemia
was 1in 172 people. In the remaining 10
regions, 16360 people were included in
the study, of which 10% of the surveyed
require further verification of Familial hy-
percholesterolemia [2]. According to the
results of the 3-year work of the Russian
RENAISSANCE Registry, 1,691 patients
from 17 regions of Russia with diagnoses
of "definite" and "probable" Familial hy-
percholesterolemia were included in the
registry [2,3,5].

All over the world, the issue of early di-
agnosis of Familial hypercholesterolemia
is more relevant than ever. The National
Health System of Great Britain in its long-
term plan (National Health System long-

term plan) in 2019 stated that by 2023,
25% of the projected number of identified
patients with Familial hypercholesterol-
emia will be treated [7,10]. This will be
ensured by genetic testing of index pa-
tients diagnosed with Familial hypercho-
lesterolemia and cascade screening of
relatives [7].

Cascade screening has clinical and
economic value because it provides iden-
tification of people suffering from familial
hypercholesterolemia at a young age
- before the onset of a cardiovascular
catastrophe of atherosclerotic genesis.
Early diagnosis provides the patient with
the choice of an appropriate lifestyle and
the possibility of prescribing lipid-lower-
ing therapy, which gives a chance to re-
duce the risk of premature coronary heart
disease, stroke and possible disability in
the future.

Based on the above, the identifica-
tion of patients with CFS in clinical prac-
tice is an important task of primary and
secondary prevention of cardiovascular
events [4].

Materials and methods: In the lip-
id cabinet of the Center for Predictive
Medicine and Bioinformatics of the State
Autonomous Institution of the Republic
of Sakha (Yakutia) "Republican Clin-
ical Hospital No. 3" for 2021 and 2022,
we examined 535 patients, 355 of them
women and 180 men. The average age
of women was 63 years, for men — 67
years. 42 patients out of 535 exam-
ined persons were diagnosed with early
myocardial infarction (men under 50 and
women under 55). The clinical examina-
tion included: assessment of lipidogram,
blood glucose, thyroid hormones, ECG; if
available: Holter ECG monitoring, echo-
cardiography, ultrasound examination of
brachiocephalic arteries and vessels of
the lower extremities, coronary angiogra-
phy. The majority of the examined were
of Yakut nationality and belonged to the
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polyclinic department of the GAU RS(Ya)
"RCB No. 3". 9 patients were selected,
according to Dutch diagnostic criteria
with a diagnosis of "probable" and "defi-
nite" hereditary familial hypercholester-
olemia, who underwent direct automatic
sequencing of the promoter and exons
of the LDLR gene on the methodological
and instrument base of the sector for the
study of monogenic forms of common hu-
man Diseases of the Institute of Cytology
and Genetics SB RAS (Novosibirsk). Ac-
cording to the results of a molecular ge-
netic study, pathogenic mutations in the
LDLR gene in a heterozygous form were
detected in 2 patients.

Results: Two clinical cases of Familial
hypercholesterolemia are presented.

Patient 1. Woman C, 68 years old, in
July 2021, applied for an appointment in
the Lipid Cabinet for high blood choles-
terol. It is known from the anamnesis that
CHD has been suffering for a long time.
She suffered a myocardial infarction in
2002. In 2003, the left ventricle was re-
constructed with plastic surgery accord-
ing to Dore, mitral valve plastic surgery
according to Alfieri, mammary coronary
bypass surgery of the anterior interven-
tricular branch, coronary artery bypass
grafting of the diagonal branch of the right
coronary artery. In 2011, stenting of the
proximal segment of the envelope artery.
The last coronary angiography was per-
formed in 2017, according to the results
of which: Coronary sclerosis. Stenosis of
the trunk of the left coronary artery up to
25%. Stenosis of the envelope artery in
the middle segment is up to 30%, steno-
sis of the mouth of the branch of the ob-
tuse edge is up to 40%. The left-handed
type. The shunts are functioning.

In 2018, life-threatening cardiac ar-
rhythmias were diagnosed, and therefore
the patient was implanted with a biven-
tricular EX with defibrillator function in
the endocardial version of Medtronic Pro-
tecta CT-D PSF 625220S in DDD mode.
The defibrillator was triggered in 2019.
In 2020, an electrode displacement was
diagnosed and its replacement was car-
ried out. The first control after correction
of the left ventricular electrode for resyn-
chronizing stimulation of the heart was
carried out in 2021.

Increase of total serum cholesterol to
14 mmol/L for a long time. Previously, fa-
milial hypercholesterolemia was not diag-
nosed. According to the Dutch criteria, 8
points were obtained — a "certain" SGHS.

Family history: the patient's mother
had a myocardial infarction at 62, she
died at 64, probably from a myocardial
infarction. The patient's father died of an
acute heart attack at the age of 60. Pro-

banda's grandmother died in 84, there
is no information about her grandfather.
The patient's sister died at the age of 50,
possibly from a vascular catastrophe.
The patient's niece has elevated blood
cholesterol up to 10 mmol/l. The patient
(according to the words) has 3 children:
the daughter (39 years old) has a mod-
erate increase in cholesterol to 5 mmol
/1, the sons 5.3 (44 years old) and 4.8
mmol / | (30 years old) — all are somati-
cally healthy.

For genetic verification of the diagno-
sis, targeted direct sequencing of coding
and non-coding regions of LDLR genes
by Sanger was performed. Bioinfor-
matic analysis of the obtained data re-
vealed the replacement of rs773328511
(NM_000527.5 LDLR ¢.810C>A p.Cys-
270Ter) in a heterozygous form in the
LDLR gene.

Current status of the patient: Height:
170 cm, weight: 62 kg, BMI 21.5 kg/m2.
At the moment, the patient is receiving
treatment for coronary heart disease
according to clinical recommendations,
including valsartan + sacubitril 50 mg,
against which stable hemodynamics is
noted. According to the planned daily
monitoring of the electrocardiogram in
May 2022, the patient had short runs
of ventricular tachycardia from 3 com-
plexes. Brain natriuretic peptide 258 pg/
ml. Exercise tolerance is moderately re-
duced, no further progressive decrease
has been observed over the past 2 years.
The level of total cholesterol is 10.3 mmol
/1, LDL is 7.69 mmol / | while taking rosu-
vastatin 20 mg, the dose could not be in-
creased due to signs of myopathy. When
conducting a pharmacogenetic study of
the SLCO1B1*5 gene, a combination of
C.521CC alleles was found in the pa-
tient, which indicates a very high risk of
liver damage and striated musculature.
About 5 years ago, in combination with
rosuvastatin 20 mg, ezetimibe was pre-
scribed at a dose of 10 mg, the effective-
ness of which could not be established
retrospectively. The patient was unable
to take this drug permanently due to the
high cost. The patient-initiated combina-
tion therapy with rosuvastatin 20 mg per
day and evolocumab 140 mg once every
2 weeks. After the first injection of evo-
locumab, the patient has complaints of
myalgia, arthralgia, which limit daily activ-
ity. During examination: creatinine phos-
phokinase, ALT, AST, creatinine, and
other biochemical parameters within nor-
mal values. Lipidogram indicators: OHS
8.33 mmol/l, LDL 6.22 mmol/L, TG 1.47
mmol/l, HDL 1.53 mmol/L. The patient re-
sumed taking evolocumab 140 mg once
every 2 weeks, the dose of rosuvastatin

was reduced to 10 mg. Planned face-to-
face consultation of the Research Insti-
tute of the PC named after Ak. Meshalkin
E.N., further conservative management
is recommended.

Clinical diagnosis: Heterozygous fa-
milial hypercholesterolemia, defined (the
Dutch criteria were 16 points, according
to S.Broome there is a definite diagnosis
of heterozygous hypercholesterolemia).
Coronary heart disease. Angina of ten-
sion. 2 Functional class. Post-coronary
cardiosclerosis from 2002. Complete
blockade of the left leg of the Gis bundle.
Frequent ventricular extrasystole with
unstable short paroxysm of ventricular
tachycardia. Transient WPW syndrome.

Operations:

1. Reconstruction of the left ventricle
with Douro plastic surgery, Alfieri mitral
valve plastic surgery, mammary coronary
bypass surgery of the anterior interven-
tricular branch, coronary artery bypass
grafting of the diagonal branch of the
right coronary artery in 2003.

2. Selective coronary angiography
from 2017: Coronary sclerosis. Stenosis
of the trunk of the left coronary artery up
to 25%. Stenosis of the envelope artery
in the middle segment is up to 30%, ste-
nosis of the mouth of the branch of the
obtuse edge is up to 40%. The left-hand-
ed type. The shunts are functioning.

3. Implantation of an electronic pace-
maker with defibrillator function in the
endocardial version of Medtronic Protec-
ta CT-D PSF 625220S in DDD mode in
2018. Defibrillator activation in 2019.

Background: Hypertension 3st. Con-
trolled arterial hypertension. Risk of car-
diovascular complications 4.

Complication: Chronic heart failure
with an intermediate ejection fraction of
42% (S), stage 2a. Functional Class Il
(NYHA). Secondary dilation of the heart
cavities.

Concomitant diseases: Dyscirculatory
encephalopathy of the 2nd degree on the
background of atherosclerosis and Hy-
pertension. Genetically determined high
risk of statin-induced myopathy.

The patient was taken on dispensary
registration, included in the Republican
Register of familial hypercholesterolemia.
In terms of cascade screening (with the
consent of the patient), evaluation of the
effectiveness and safety of combined
cholesterol-lowering therapy.

Patient 2. Male F., 29 years old. Mar-
ried, no children. | applied to the lipid
cabinet in December 2021 for a high
level of total cholesterol up to 11 mmol/l.
Obese 2 art . During physical examina-
tion of the corneal lipoid arch, no tendon
xanthomas were detected. According to



the results of a biochemical blood test,
the patient had high lipidogram values:
total cholesterol: 9.72 mmol/l;, TG 1.83
mmol/l; LDL:7.31 mmol/l. When collect-
ing a hereditary history, it was found that
the patient's father had an early non-fatal
myocardial infarction in 42, but his further
fate is unknown. There were no cases of
early vascular catastrophes on the part
of maternal heredity. The patient does
not have siblings. According to the Dutch
criteria, the patient has 6 points - "proba-
ble" familial hypercholesterolemia. In the
future, the patient underwent ultrasound
examination of the heart, brachiocephalic
arteries, daily monitoring of the electro-
cardiogram, where deviations were not
detected. Thyroid pathology and diabetes
mellitus are excluded.

Current status of the patient: Height
185 cm, weight 123 kg. BMI 36 kg/m2.
At the moment, he is taking treatment:
atorvastatin 60 mg, adherence to thera-
py is low, does not follow a diet, the level
of physical activity is low. According to
the latest test results against the back-
ground of irregular intake of atorvasta-
tin 60 mg: total cholesterol 9.28 mmol /
I, LDL 6.76 mmol / |, HDL 1.5 mmol / |,
TG2.92 mmol / |, ALT and AST indicators
are normal. When conducting a pharma-
cogenetic study of the SLCO1B1*5 gene,
a combination of alleles of C.521CC was
obtained in the patient, which indicates a
very high risk of liver damage and striat-
ed musculature. The dose of atorvastatin
has been reduced to 40 mg and regular
intake is strongly recommended. After
evaluating the effectiveness and safety of
statin therapy, the tactics of further drug
treatment will be determined.

For genetic verification of the diagno-
sis, targeted direct sequencing of coding
and non-coding regions of LDLR genes
by Sanger was performed. Bioinfor-
matic analysis of the obtained data re-
vealed the replacement of rs121908038
(NM_000527.5 LDLR c¢.1202 T>A
p.Leud401His) in a heterozygous form in
the LDLR gene.

Clinical diagnosis: Heterozygous fa-
milial hypercholesterolemia, defined (the
Dutch criteria were 14 points, according
to S.Broome — a definite diagnosis of
heterogeneous familial hypercholesterol-

emia). Obesity of the 2nd degree (BMI 36
kg/m2).

The patient was taken on dispensary
registration, included in the Republican
Register of familial hypercholesterolemia.
The purpose of treatment is the primary
prevention of atherosclerotic cardiovas-
cular complications. Cascade screening
is not possible. In terms of: genetic coun-
seling on family planning, selection of ef-
fective lipid-lowering therapy.

Conclusion. Despite the absolute
need for early detection of familial hy-
percholesterolemia for the primary pre-
vention of atherosclerotic cardiovascu-
lar diseases, | would like to note that in
our practice we are faced with the same
problem that was identified in the RE-
NAISSANCE study: despite the presence
of familial hypercholesterolemia and pro-
nounced hypercholesterolemia, patients
do not want to take lipid-lowering therapy,
and there is also a low the index patient's
interest in conducting cascade screening
[5]. This problem is being solved, but it
requires an individual approach and long-
term confidential contact with the patient.

Previously, no targeted identification
of patients with familial hypercholesterol-
emia was carried out in the Republic of
Sakha (Yakutia), the ethnic features of
this disease remain unexplored, which
requires further research.
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ANALYSIS OF HEARING THRESHOLDS IN
PATIENTS WITH HEARING IMPAIRMENT
ASSOCIATED WITH THE GJB2 (Cx26) GENE
MUTATIONS IN BURYATIA

In this work, the analysis of the hearing condition in 26 patients with hearing impairment, in whom biallelic mutations of the GJB2 gene
(Sh26) were detected in the Republic of Buryatia, was carried out. Genotype-phenotypic comparisons showed that for all 7 GJB2 geno-
types: c.[35delG];[35delG]; c.[-23+1G>A];[35delG]; c.[-23+1G>A];[-23+1G>A]; c.[-23+1G>A[;[516G>C]; c.[-23+1G>A];[327_328delGGinsAJ;
¢.[35delC];[299_300delAT]; c.[235delC];[235delC] congenital (detected before one year — 76.0%), symmetrical (84.6%), sensorineural (100.0%)
hearing loss is detected, variable in severity both between different GJB2 genotypes and within the same GJB2 genotype (grade Ill in 9.6%, grade
IV in 17.3%, deafness in 73.1%). Based on the median hearing thresholds PTA0.5,1.0,2.0,4.0 kHz, three phenotypes were identified - "mild pheno-

type", "medium phenotype" and "severe phenotype". We conducted a genotype-phenotypic comparison, as a result of which GJB2-genotypes c.[-
23+1G>A];[-23+1G>A] and c.[-23+1G>A];[516G>C] were assigned to genotypes with “average” (median 66.875 dB and 64.375 dB, respectively),
and the remaining GJB2-genotypes: ¢.[35delG];[35delG]; c.[-23+1G>A];[35delG]; c.[-23+1G>A];[327_328delGGinsA]; c.[35delC];[299_300delAT];
c.[235delC];[235delC] - to genotypes with a "severe" form of the phenotypic effect. No genotypes with a "mild" phenotypic effect have been identi-
fied. At the same time, the hearing thresholds for GJB2 genotypes with the "average" form of the phenotypic effect (c.[-23+1G>A(;)-23+1G>A] and
c.[-23+1G>A(;)516G>C]) were significantly (p=0.02268) better than in the reference group with GJB2 genotype c.[35delG];[35delG].

Keywords: deafness, GJB2 gene, genotype-phenotypic analysis, degree of hearing loss, Republic of Buryatia.

Introduction. It is known that up to
50% of cases of congenital deafness have
a hereditary etiology [10]. At the same
time, the genetic causes are extremely
diverse, but the proportion of mutations
in the GJB2 gene (13q11-912), encoding
the protein of intercellular gap junctions
- connexin 26 (26 kDa) [8], is significant
and averages about 17.3% [5]. With the
understanding of the etiology and patho-
genesis of autosomal recessive deafness
type 1A, studies aimed at genotype-phe-
notypic comparisons of hearing impair-
ment in patients depending on the nature
of mutational damage in the GJB2 gene
have become relevant. At the same time,
of all known mutations of the GJB2 gene,
genotype-phenotypic studies mainly con-
cerned the most common c.35delG mu-
tation in Europe in the homozygous and
compound-heterozygous state with other
rarer pathogenic variants of the GJB2
gene, as well as ¢.235delC and p.Val37I-
le mutations common in Asia [3, 6, 15].
These studies have identified GJB2 gen-
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otypes with a relatively "mild" phenotype.
Thus, hearing loss in patients with geno-
types: p.[Val37lle];[Val37lle] (median PTA
27dB), p.[Met34Thr];[Met34Thr] (median
PTA 30dB) and p[Met34Thr];[Val37lle]
(median PTA 23dB) was significantly
less than in patients with more “severe”
genotypes — c¢.[35delG];[35delG] (me-
dian PTA 102dB), c.[35delG];[del(G-
JB6-D13S1830)] (median PTA 108dB)
(p<.0001) and c.[235delC];[235delC]
(median PTA 100.68dB) [6, 15]. In gen-
eral, the authors concluded that the so-
called truncating mutations (deletions,
nonsense mutations) lead to greater
hearing loss than non-truncating muta-
tions (missense mutations) [9]. Geno-
type-phenotypic comparisons were also
made for the homozygous GJB2 geno-
type c.[-23+1G>A];[-23+1G>A], among
deaf patients in Yakutia [1].

In 2021, studies were conducted
aimed at diagnose of hereditary non-syn-
dromic hearing loss in the Republic of
Buryatia (Eastern Siberia). Using direct
sequencing, in 165 individuals with hear-
ing impairment the spectrum and fre-
quency of mutations in the GJB2 gene
were determined. In the studied sample,
13 known allelic variants of the GJB2
gene were found (c.-254C>T, c.-49G>A,
C.-23+1G>A, c.35delG, C.79G>A,
c.101T>C, c.109G>A, c.235delC,
€.299_300delAT, €.327_328delinsA,
c.341A>G, ¢.457G>A and c¢.516G>C).
In general, the contribution of biallelic
mutations of the GJB2 gene to the etiol-
ogy of hearing loss in the total sample of
patients in Buryatia was 15.8% (26/165)

[2]. Following the general trends in gen-
otype-phenotypic comparisons, the pur-
pose of this study was to analyze hearing
thresholds in individuals with biallelic mu-
tations of the GJB2 gene in Buryatia.

Material and methods. Study partici-
pants. Informed voluntary examination by
an audiologist-otorhinolaryngologist was
performed by 165 deaf people. An exam-
ination of the ENT organs, audiometry,
blood sampling from the cubital vein for
molecular genetic analysis were carried
out.

Audiometry. Pure tone audiometry
(PTA) was performed using a AA222 tym-
panometer-audiometer  (Interacoustics,
Denmark) for air conduction at frequen-
cies of 0.25, 0.5, 1.0, 2.0, 4.0, 8.0 kHz
and for bone conduction at frequencies
of 0.25, 0.5, 1.0, 4.0 kHz in steps 5.0 dB

DNA diagnostics. Samples (n=165) of
genomic DNA were extracted from leu-
kocytes. Amplification of the GJB2 gene
fragments, including exon 1 and exon 2
of the GJB2 gene with flanking regions,
was performed by PCR on MJ Mini ther-
mal cycler (Bio-Rad) using the primer
sequence described earlier [7, 11, 13].
The determination of the primary nucleo-
tide sequence was carried out on an ABI
Prism 3130XL Genetic Analyzer capillary
sequencer (Applied Biosystems, USA)
(Central Collective Use Center Genom-
ics, Institute of Chemical Biology and
Fundamental Medicine, Siberian Branch,
Russian Academy of Sciences, Novo-
sibirsk). The sequence variants were
determined by comparison with the ref-
erence sequences of the GJB2 M86849
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gene.2 and U43932.1 (GenBank) using
the Chromas software.

Sample. Of the 165 examined deaf pa-
tients with hearing impairments, 26 were
found to have biallelic mutations in the
GJB2 gene in the homozygous or com-
pound heterozygous state. Among them,
7 different pathological GJB2 genotypes
were identified:  c.[35delG];[35delG]
(total 16 individuals, of which 9 men,
7 women aged 32 to 76 years, mean
age 55+ 12.25 years, all Russians),
c.[-23+1G>A];[35delG] (total 5 individ-
uals, of which 2 men, 3 women aged
19 to 59 years, average age 47+ 17.33
years, all Russians), c.[-23+1G>A];[-
23+1G>A] (1 Buryat, 58 years old),
c.[-23+1G>A[;[516G>C] (1 Buryat, 46
years old), c.[-23+1G>A];[327_328del-
GGinsA] (1 Buryat, 47 years old),
¢.[35delC];[299_300delAT] (1 Russian,
65 years old), ¢.[235delC];[235delC ] (1
Buryat, 39 years old). Ethnicity was as-
certained using a questionnaire (up to
and including the third generation). To
compare hearing thresholds, the refer-
ence group identified a sample of indi-
viduals with the GJB2 genotype c.[35del-
G];[35delG] as the most numerous (n=16)
and well studied.

Audiological analysis. Audiograms
with breaks were normalized by adding
maximum values(120.0 dB) in the places
where the patient did not respond, ac-
cording to the recommendations of the
International Bureau of Audio Phonolo-

gists (www.biap.org.). The type of hear-
ing loss was considered conductive - with
an increase in air conduction thresholds
on audiograms, sensorineural - with
an increase in bone and air conduction
thresholds on audiograms, mixed - with
an increase in bone and air conduction
thresholds with an interval exceeding
a total of 20.0 dB in PTA ;. ,04, kHz.
Hearing loss was considered asymmetric
when the difference between the hearing
thresholds in the PTA of 0.5,1.0,2.0,4.0
kHz was more than 15.0 dB. The degree
of hearing loss was assessed by the av-
erage hearing threshold in PTA ., ...,
kHz according to the WHO classifica-
tion: | degree - 26.0-40.0 dB, Il degree -
41.0-55.0 dB, Ill degree - 56.0-70.0 dB,
IV degree - 71.0-90.0 dB, deafness ->
91.0 dB. Phenotypes with I-ll degree of
hearing loss we attributed to "mild", with
IlI-IV degree of hearing loss - to "medi-
um", and deafness - to the "severe" form
of the phenotype. For a detailed audio-
logical analysis, the number of ears was
used (26 patients = 52 ears), because
the functional abilities of paired organs in
humans can be different and the patho-
logical effect of the genotype can be ex-
pressed in different ways.

Statistical analysis. StatPlus software
(2021 AnalystSoft Inc.) was used for sta-
tistical processing. The median hearing
thresholds of six GJB2-genotypes were
compared in pairs with the reference
group of the c.[35delG];[35delG] gen-

otype using the Mann-Whitney U test.
Differences were considered statistically
significant at p<0.05.

Ethical control. The surveys included
in the scope of the research work were
conducted with the informed voluntary
consent of the participants or their par-
ents. This research work was approved
by the local committee on biomedical eth-
ics at the "YSC CMP" (Yakutsk, Protocol
No. 16 dated April 16, 2009).

Results and discussion. In this
study, out of 165 participants with hear-
ing impairment, we selected the au-
diological data of 26 individuals with
biallelic mutations of the GJB2 gene
(Cx26), identified in the homozygous or
compound heterozygous state. Among
the identified 26 patients, seven different
GJB2 genotypes were found: c.[35del-
GJ;[35delG], c.[-23+1G>A][;[35delG],
c.[235delC];[235delC], c.[- 23+1G>A];[-
23+1G>A], c.[-23+1G>A];[516G>C],
c.[-23+1G>A];[327_328delGGinsA], c.
[35delC];[299_300delAT]. Assuming that
severe hearing loss after birth would be
recognized sooner than those with less
severe hearing loss, we conducted a sur-
vey about the age at which hearing loss
was diagnosed. This criterion can help
reveal phenotype variability in different
GJB2 genotypes and even within the
same GJB2 genotype. As a result, it was
found that the vast majority of GJB2-pos-
itive patients had predominantly early
detection of hearing loss (up to one year

Table 1

Age of onset of hearing impairment in individuals with biallelic mutations of the G/B2 gene

Number Number Early diagnosis Late diagnosis.
GJB2-genotype of patients Age of onset of patients (before 12 mounts) (before 12 mounts)
In 1 years 11
) In 2 years 1 11 5
¢.[33delGL;[35delG] In3 years 3 68.7% (44.0-85.8%) | 31.3% (14.2-56.0%)
In 6 years 1
5 0
c.[-23+1G>A];[35delG] Before 12 mounts 5 100% (54.1-99.6%) 0% (0.43-45.9%)
1 0
c.[-23+1G>A];[-23+1G>A] Before 12 mounts 1 100% (58.0-98.7%) 0% (0.13-84.2%)
1 0
c.[-23+1G>A];[516G>C] Before 12 mounts 1 100% (58.0-98.7%) 0% (0.13-84.2%)
¢.[-23+1G>A];[327_328delGGinsA] Before 12 mounts 1 100% (5810_98 S S 2%)
1 0
c.[35delC];[299 300delAT] Before 12 mounts 1 100% (58.0-98.7%) 0% (0.13-84.2%)
0 1
c.[235delC];[235delC] In 6 years 1 0% (0.13-84.2%) 100% (58.0-98.7%)
In total seven G.JB2-genotypes In total 26 patients (CI) 76% (572.?_ 88.9%) 23% (11 60_ 42.3%)

Note: n - number of patients, CI - confidence intervals (p<0.05). Statistically significant differences are highlighted in bold.
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Table 2

Severity of hearing loss in patients with different GJB2-genotypes

Median hearing Mann-Whitney U
GJB2-genotype Degree of hearing loss thresholds in test Y Phenotypes
PTAO45.I,O42.(),4.0 Kl P
c.[35delG];[35delG] (n=16. 32 yxa) IV (n=5) 115.0 Reference group Sever
? Deafness (n=27)
c.[-23+1G>A];[35delG] (n=5. 10 yuueit) IV (@=3) 106.25 0.23097 Sever
’ ) Deafness (n=7) ) )
. IV (n=1)
c.[-23+1G>A];[327_328delGGinsA] (n=1. 2 yxa) Deafnoss 96.875 0.23320 Sever
¢.[35delC];[299_300delAT] (n=1. 2 yxa) 1 (n=1) 92.5 0.24774 Sever
’ - Deafness
¢.[235delC];[235delC] (n=1. 2 yxa) Deafness (n=2) 117.5 0.24372 Sever
¢.[-23+1G>A];[-23+1G>A] (n=1. 2 yxa) I (n=2) 66.875 0.02268 Median
¢.[-23+1G>A];[516G>C] (n=1. 2 yxa) I (n=2) 64.375 0.02268 Median
[Ipumeuanue. XupHbIM IPUPTOM BBIAETEHBI CTATUCTHYECKH JOCTOBepHBIE pasnuyus (p<0.05).
of age, inclusive) - 76.0% (Cl 57.7%- (15.4%) who, in the absence of a visi- ];[235delC], including the reference

88.9%), late detection (after one year)
was reported in 23.0% (CI 11.0%-42.3%)
(p<0.05) (Table 1). With genotypes c.[-
23+1G>A];[35delG], c.[-23+1G>A];[-
23+1G>A], c.[-23+1G>A];[516G>C],
c.[-23+1G>A];[327_328delGGinsA],
¢.[35delC];[299_300delAT] (n=5) hearing
loss was detected up to one year (Table
1). Late detection of hearing impairment
(at six years) was registered in one case
with  genotype c¢.[235delC];[235delC].
The most numerous genotype c.[35del-
GJ;[35delG] (n=16) was found to be the
most variable in terms of detection of
hearing impairment. So, in 11 patients
with this genotype, hearing loss was de-
tected before one year, in 5 patients - at
two and three years, and in one case at
six years. It is interesting to note that in
the c.[-23+1G>A];[35delG] genotype,
hearing loss was recorded earlier (up to
one year - 100.0%, Cl 54.1-99.6%) sig-
nificantly more often than late detection
(0%, CI 0.43% - 45.9%) (Table 1). Based
on the fact that all patients with biallelic
GJB2 mutations were born before the
introduction of audiological screening of
newborns and children of the first year of
life, it can be assumed that most of the
observed GJB2-genotypes lead to pre-
dominantly severe and, accordingly, early
detected hearing loss.

Audiometric data in individuals with
pathological GJB2-genotype. The results
of tone threshold audiometry showed that
all detected GJB2-genotypes (100%)
were associated with sensorineural type
of hearing loss (n=26 individuals, 52
ears). At the same time, the majority in
the sample (n=22; 84.6%) had symmetri-
cal hearing loss. The exception was four
individuals with different GJB2 genotypes

ble otological problem, had asymmetric
hearing thresholds. In these patients, the
interaural hearing threshold difference
ranged from 36.6 dB for the c.[35del-
G];[35delG] genotype, 20.0 dB for the
c.[-23+1G>A];[35delG] genotype, 31.5
dB for the c.[-23+1G>A];[327_328delG-
GinsA] genotype; up to 45.0 dB for the
¢.[35delC];[299_300delAT] genotype. In
general, in the sample of GJB2-positive
patients, hearing loss ranged from grade
Ill to deafness: grade lll sensorineural
hearing loss in 9.6% (n=5 ears), grade IV
sensorineural hearing loss in 17.3% (n=9
ears), sensorineural deafness in 73.1%
(n=38 ears).

For genotype-phenotypic comparison
between identified GJB2-genotypes, the
c.[35delG];[35delG] genotype was cho-
sen as the reference genotype, as the
most well-studied in the world and the
most frequent in our sample. In the refer-
ence group of patients, the median hear-
ing threshold in the PTA of | .., kHZ
was at the level of 115.0 dB. The com-
parison of the median hearing thresh-
olds in PTA ;| 04, KHz of the reference
group with other identified GJB2 geno-
types demonstrated comparable hear-
ing thresholds for GJB2 genotypes: c.[-
23+1G>A];[35delG] (median 106 .25 dB),
c.[-23+1G>A];[327_328delGGinsA] (me-
dian 96.875 dB), c.[35delC];[299_300de-
IAT] (median 92.5 dB) and
c.[235delC];[235delC ] (median 117.5 dB)
(p>0.05). The median hearing thresholds
of the reference and these four GJB2
genotypes corresponded to the degree
of hearing loss - deafness. In this regard,
these genotypes c.[-23+1G>A];[35delG],
c.[-23+1G>A];[327_328delGGinsA],
c.[35delC];[299_300delAT], c.[235delC

c.[35delG];[35delG], were classified as
genotypes with a severe phenotypic ef-
fect (Table 2).

Significantly better hearing thresholds
compared to the reference genotype
were demonstrated by two GJB2 geno-
types: c.[-23+1G>A];[-23+1G>A] (median
66.875 dB) and c.[-23+1G>A];[516G>C]
(median 64.375 dB) (p=0.02268) (Table
2). Median hearing thresholds for these
two GJB2 genotypes corresponded to
grade lll hearing loss (Table 2). As a re-
sult, we assigned these two GJB2 geno-
types c.[-23+1G>A];[-23+1G>A] and c.[-
23+1G>A];[516G>C] to genotypes with
" average" form of the phenotypic effect.
In accordance with the data obtained,
no genotypes with a "mild" phenotypic
effect, corresponding to I-Il degrees of
hearing loss, were identified (Table 2).

Previously, it was shown that for pa-
tients with the c.[35delG];[35delG] geno-
type, the median in PTA . ., kHz was
102 dB [9]. It is likely that the observed
difference (~13 dB) in the depth of hear-
ing loss between our study and that of
Snoeckx et al. [9] is due to the differ-
ence in frequencies taken into account.
In Snoeckx et al. study [9], the frequen-
cy range was limited to three measured
frequencies (PTA;,,,0kHz), while in
our study, measurements were made at
four frequencies (PTA;,040%H2). In
addition, in this multicenter study, it was
shown that with the ¢.-23+1G>A mutation
in the compound with the ¢.35delG mu-
tation [9] a significantly milder phenotype
is recorded. In the present work, it was
shown that the c.-23+1G>A mutation in
the homozygous state (median 66.875
dB) and in the compound-heterozygous
state with the ¢.516G>C mutation (me-



dian 64.375 dB) also has a significantly
(p=0.02268) less hearing loss (moderate
phenotype) compared to the phenotypi-
cally more "severe" reference genotype
c.[35delG];[35delG] (median 115.0 dB)
(Table 2). However, it should be noted
that earlier on a larger sample of patients
with genotype c.[-23+1G>A];[-23+1G>A],
with a median of 85.41 dB (which corre-
sponds to IV degree of hearing loss), it
was shown wide individual variability of
hearing thresholds, ranging from mild
hearing loss to deafness [1].

Conclusion. Thus, the analysis of the
state of hearing in individuals with muta-
tions in the GJB2 (Cx26) gene in Buryatia
revealed the following:
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N.I. Pavlova, A.A. Bochurov, A.V. Krylov, V.A. Alekseev
ASSOCIATION OF POLYMORPHISMS OF
THE GENES HTR2A AND 5-HTT WITH

SMOKING IN YAKUTS

Tobacco smoking is the most common form of addiction worldwide. The aim of our study was

to determine whether the rs6311 polymorphisms of the HTR2A gene and the 5HTTLPR and
rs25531 polymorphisms of the 5-HTT gene are associated with smoking in the Yakut population.
The study involved 223 people, including 115 smokers and 108 non-smokers. The results of the
analysis of the relationship between the rs6311 polymorphism of the HTR2A gene and smoking
showed that in the group of smokers, allele A was somewhat more common than in the group
of non-smokers (OR - 1.138, 95% CI = [0.742-1.138]). Analysis of the distribution of alleles and
genotypes of the 5-HTTLPR polymorphism of the 5-HTT gene showed the predominance of
the short S allele (74.8-89.4%) and the SS genotype (61.7-81.5%) in both samples. Smokers
had a significantly (p<0.05) higher frequency of the risk allele L (OR -2.830, 95% CI= [1.674
-4.783]) compared to non-smokers. When analyzing the 5-HTTLPR and rs25531 polymorphisms
grouped into groups, it was found that the frequency of the L' allele was four times higher in
the sample of smokers (p<0.001) than in the sample of non-smokers (OR -4.844, 95% CI =
[2.503-9.372]). An analysis of the distribution of combinations of genotypes of both studied genes
showed the predominance of people with a combination of GG genotypes of the HTR2A gene
and S'S' of the 5-HTT gene, which showed a protective effect on smoking (OR -0.550, 95% CI
=[0.319-0.948]). A significant association with smoking was shown by a combination of hetero-
zygous genotypes AG of the HTR2A gene and L'S' of the 5-HTT gene (OR -13.637, 95% Cl=
[1.752-106.144]). This study established a significant association of 5-HTT gene polymorphisms
with smoking in the Yakut population. In connection with the equivalent serotonin expression of
the S and LG alleles, 5SHTTLPR and rs25531 polymorphisms, it is more informative to carry out
their generalized analysis.

Keywords: nicotine addiction, smoking, 5-HTT, HTR2A, rs6311, SHTTLPR, rs25531, Yakut
population
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Introduction. Nicotine addiction is
the most common and severe disease,
included in the ICD-10 F17 group of dis-
eases - “Mental and behavioral disorders
associated with the use of psychoactive
substances” [1]. Dependence arises on
the basis of the entry of nicotine into the
reaction with alpha-4-beta-2-acetylcho-
line receptors in the brain, which leads
to the formation of a steady craving for
tobacco, withdrawal syndrome that de-
velops when smoking is stopped, and a
number of side effects.

Nicotine dependence is closely relat-
ed to psychological and social factors [2,
5, 6]. Individual differences in proneness
to addictive behaviors, including nicotine
addiction, are partly mediated by genetic
factors. Current estimates of the heritabil-
ity of all major addictive disorders range
from 40% to 80% [3]. The share of genet-
ic factors of nicotine addiction accounts
for 50 to 75% [9, 12].

One of the effects of nicotine is to alter
serotonin levels, hence genes encoding
receptors or transporters involved in se-
rotonergic pathways are potential candi-
dates in the mechanism of nicotine ad-
diction [18].

The HTR2A gene encodes the sero-
tonin receptor, which is the key to the
monoaminergic regulation of the body,
which determines the biological functions
and behavior of a person. The polymor-
phic variant rs6311 (-1438 A>G) is poten-
tially associated with impaired efficiency
of post-transcriptional processes and is
considered a risk factor for neuropsychi-
atric and cognitive pathologies [20]. The
presence of the A allele increases the
transcriptional activity of the gene; sev-
eral studies have shown that this allele is
associated with smoking [13, 14, 15, 16].

The 5-HTTLPR polymorphic region
(rs4795541) is a functional insertion/
deletion polymorphism of 44 base pairs
in the promoter region of the serotonin
transporter gene, 5-HTT [7]. This poly-

morphism was identified by two allelic
variants, long (L with 16 repeats) and
short (S with 14 repeats) forms, which
affect the transcriptional efficiency of the
5-HTT gene. The rs25531 polymorphism
is within this polymorphism and results in
two higher-expressing L-LA allele vari-
ants and lower-expressing LG variants—
indicating that 5-HTTLPR may be func-
tionally triallelic rather than biallelic [19].
Despite a large number of association
studies of this polymorphism with nico-
tine dependence, data on which 5-HTTL-
PR allelic variant contributes to smoking
are ambiguous [12].

The aim of our study was to determine
whether the rs6311 polymorphisms of
the HTR2A gene and the SHTTLPR and
rs25531 polymorphisms of the 5-HTT
gene are associated with smoking in the
Yakut population.

Material and research methods. The
experimental part of the study was car-
ried out in the Laboratory of Hereditary
Pathology of the Department of Molecu-
lar Genetics of the Yakut Scientific Cen-
ter for Complex Medical Problems (YSC
CMP). The material of the study was DNA
samples from the collection of biomateri-
al (DNA) of the populations of the Repub-
lic of Sakha (Yakutia) YSC CMP, using
the UNU "Genome of Yakutia" (reg. No.
USU_507512). The study included par-
ticipants who filled out a questionnaire
approved by the Local Committee on
Biomedical Ethics at the YSC CMP and
voluntarily signed an informed consent to
conduct a genetic study.

A total of 223 DNA samples of volun-
teers without chronic diseases (56 wom-
en and 167 men) of Yakut nationality
were studied, the average age of which
was 46 + 0.08. For molecular genetic
analysis, genomic DNA samples were
isolated from whole blood using a New-
teryx commercial DNA isolation kit (Ya-
kutsk, Russia).

The study of polymorphisms was car-

Conditions for PCR-RFLP analysis

ried out by polymerase chain reaction
(PCR) followed by restriction fragment
length analysis (RFLP). The conditions
for amplification and restriction are pre-
sented in table 1.

Statistical analysis of the results of the
study was carried out using the program:
"Office Microsoft Excel 2010", "Statistica
8.0". The frequencies of rs6311, 5-HT-
TLPR and rs25531 were determined by
direct counting.

When analyzing the contingency of
the frequency of an unfavorable allele
with smoking, a four-field contingency
table and a Yates-adjusted x-square test
were used. The following formula was
used to calculate the odds ratio:

OR = @
B*C
where OR is the odds ratio; A, B, C, D are
the number of observations in the cells of
the contingency table. To assess the sig-
nificance of the odds ratio, the boundar-
ies of the 95% confidence interval (95%
Cl) were calculated. Results were con-
sidered significant at p<0.05.

Results and discussions:

An analysis of the distribution of allele
and genotype frequencies of the polymor-
phic variant of the HTR2A gene (rs6311)
in the group of smokers and non-smokers
did not reveal significant differences; the
G allele and the homozygous GG geno-
type prevailed in both groups (Table 2).

The results of the analysis of the re-
lationship between the rs6311 polymor-
phism of the HTR2A gene and smoking
showed that in the group of smokers al-
lele A was somewhat more common than
in the group of non-smokers (OR - 1.138;
95% CI = [0.742-1.138]), however, the
significance of the differences was not
significant ( p=0.628) and the confidence
interval showed a wide range.

Analysis of the distribution of alleles
and genotypes of the 5-HTTLPR poly-
morphism of the 5-HTT gene showed
the predominance of the short S allele

Table 1

Polymorphism Primer structure A?;glglf}? n éﬁ:ﬁ?}éﬁ% Rzrsltzr;,crggn Interpretation
. Genotype AA — 469 bp;
F:AACCAACTTATTTCCTACCAC
rs6311 ; 469 bp 57°C Msp 1 Genotype GG — 243+226 bp;
R:AAGCTGCAAGGTAGCAACAGC Genotype AG - 469, 243226 bp
Allele S - 486 bp
5-HTTLPR - ’
F:GAGGGACTGAGCTGGACAAC- Allele T -529bp
CCAC 40bp, | goc
529 bp Genotype LA -125+62+343 bp;
1s25531 R:GGCGTTGCCGCTCTGAATGC Msp1 Genotype LG - 125+62+ 174+167 bp
Genotype SA - 125+62+ 299 bp
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Calculation of the odds ratio of the rs6311 polymorphism
of the HTR2A gene with smoking

Table 2

Smok -smok
Genotype and Allele 1r111<(>%(-3rs nonnsgl/g) s ox2 | OR (95 % CI) P value
Genotype AA 4(3.5) 4(3.7)
Genotype AG 53 (46.1) 44.(40.7) | 0.650 3 0.723

1.1
Genotype GG 58 (50.4) 60 (55.6) (0.742-1.746)
Allele A 26.5+0.029 | 24.1+£0.029
0.235 0.628

Allele G 73.5+0.029 | 75.9+0.029

*n - is the number; Chi-square test with Yates correction; OR is the odds ratio; CI - confidence

Table 3

interval

Calculation of the odds ratio of biallelic S-HTTLPR polymorphism with smoking

Smok -smok
Genotype and Allele rr?(()%egrs nonnsgl/g) s x2 | OR (95 % CD) P value
Genotype LL 14 (12.2) 3(2.8)
Genotype SL 30 (26.1) 17 (15.7) |12.323 0.002
Genotype SS 71(61.7) 88 (81.5) a 6%4230783)
Allele L 252 +2.863 | 10.6+2.099
14.943 0.000
Allele S 74.8 £2.863 | 89.4+2.099
Table 4
Calculation of the odds ratio of grouped 5S-HTTLPR
and rs25531 polymorphisms with smoking
Genotype and Allele Smokers non-smokers X2 OR P value
P n (%) n (%)
Genotype L'L' 11 (9.6) 1(0.9)
Genotype L'S' 29 (25.2) 10(9.3)  |20.204 0.000
Genotype S'S' 75(652) | 97(89.8) e 53'38_‘;4372)
Allele L' 222+2.739 | 5.6+1.559
e 24.009 0.000
Allele S' 77.8+2.739 | 94.4+1.559

Table 5

Distribution of the combination of genotypes of the HTR2A gene and the 5S-HTT gene
with the calculation of the odds ratio to smoking

HTR2A4| 5-HTT Sgl(()&;grs non-smokers n (%) X2 OR P value
AA | LL | 217 0(0.0) 0.444 - 0.506
AA | LS | 1(09) 0(0.0) 0.001 - 0.975
AA | S| 109 437 0.953 (0.03-52_%?07 2 033
AG | LL' | 306 0(0.0) 1228 - 0.268
AG | LS | 13(113) 1(0.9) 8.508 (1_751231'16367‘ Lagy| 0004
AG | S |37(322) 43 (39.8) 101 |, R sy | 0295
GG | LL' | 6(52) 1(0.9) 2.11 (0.6957'?‘?90.750) 0.147
GG | LS | 15713.0) 9(8.3) 0843 | (o, oo s | 0359
GG | s |37322) 50 (46.3) 4.094 (0_3;"95_‘5)?9 4g) | 00

4 2022 BN &

(74.8-89.4%) and the SS genotype
(61.7-81.5%) in both samples (Table 3).

Smokers had a significantly (p<0.05)
higher frequency of the risk allele L (OR
-2.830; 95% Cl= [1.674 -4.783]) com-
pared to non-smokers.

Due to the equivalent serotonin ex-
pression of the S and LG alleles, the
5HTTLPR and rs25531 polymorphisms,
and a more accurate analysis of the as-
sociation with smoking, the LGLG, LGS,
and SS genotypes were combined into
the S'S' genotype group. The LALA geno-
type into the L'L' genotype, and the LALG
and LAS genotypes into the L'S' group
(Table 4).

When analyzing the 5-HTTLPR and
rs25531 polymorphisms grouped into
groups, it was found that the L' allele fre-
quency (p<0.001) was four times high-
er in the sample of smokers than in the
sample of non-smokers (OR -4.844; 95%
Cl =1[2.503-9.372] ).

To study the relationship of both genes
(HTR2A and 5-HTT) with smoking, in
samples of smokers and non-smokers,
various combinations of genotypes were
analyzed (Table 5).

An analysis of the distribution of gen-
otype combinations showed the predomi-
nance of people with a combination of GG
genotypes of the HTR2A gene and S'S'
5-HTT gene, which showed a protective
effect on smoking (OR - 0.550; 95% CI
=[0.319-0.948]). A significant association
with smoking was shown by a combina-
tion of heterozygous genotypes AG of the
HTR2A gene and L'S' of the 5-HTT gene
(OR -13.637; 95% CI=[1.752-106.144]).

Due to the different frequency of oc-
currence of the studied polymorphisms
in different ethnic samples, we cannot
statistically reliably state that the relation-
ship between these polymorphisms and
smoking that we found is suitable for all
people. This pilot experiment allows us to
draw only small conclusions on the study
of the above genes in the Yakut popu-
lation. Thus, our results are consistent
with the studies of Lerman C et al. (2000)
and Ishikawa H et al. (1999), who also
found a protective effect of the S allele on
smoking [16, 17]. In studies by Siemins-
ka A. et al. (2008) among the Polish pop-
ulation, they did not find a link between
5-HTTLPR polymorphism and smoking
[18]. Many researchers have studied this
polymorphism with addictive behavior,
and in the works of Stefan Bleich et al.
(2007) they found an association of the L
— allele with obsessive-compulsive crav-
ing for alcohol [19]. In a study by Gerra G
et al (2005), the frequency of the short S
genotype was higher in smokers than in
non-smokers [20].
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Conclusion. This study established
a significant association of 5-HTT gene
polymorphisms with smoking in the Ya-
kut population. In connection with the
equivalent serotonin expression of the S
and LG alleles, SHTTLPR and rs25531
polymorphisms, it is more informative to
carry out their generalized analysis. For
the rs6311 polymorphism of the HTR2A
gene, no statistically significant associ-
ation with smoking was found, probably
due to the fact that the frequency of the
A allele has a relatively rare occurrence,
which must be taken into account and,
possibly, later validation of the population
is required. Despite the discovery of an
association between 5-HTT gene poly-
morphisms and smoking, additional stud-
ies are required in similar populations
but with larger sample sizes to further
explore interactions with other candidate
genes and addictive behaviors.
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BIOETHICAL ISSUES

IN THE ORGANIZATION OF SPECIALIZED
MEDICAL CARE FOR PATIENTS

WITH MOTOR NEURON DISEASE

IN THE REPUBLIC OF SAKHA (YAKUTIA)

Amyotrophic lateral sclerosis (ALS) is a severe neurodegenerative disease in which the death of central and peripheral motor neurons occurs,
leading to an inevitable fatal outcome. Bioethical problems arise at any stage of the disease when a patient with ALS goes to a doctor. The help
of psychologists, the activities of bioethical committees in medical organizations in informing patients and their relatives about the disease, the
awareness of neurologists about social support measures from the state can help in organizing medical and social assistance measures to improve

the quality of life of patients with ALS.

Aim: to solve the bioethical problems of patients with ALS to improve the organization of specialized medical care
Keywords: bioethics, motor neuron diseases, amyotrophic lateral sclerosis, artificial lung ventilation, palliative care.

Introduction. ALS is a serious dis-
ease of unknown etiology and patho-
genesis, accompanied by the death of
central and peripheral motor neurons,
steady progression and inevitable death.
The incidence of ALS in the world is 1.89
per 100 thousand population, and the
prevalence is 5.2 cases per 100 thou-
sand population [17]. 7% of ALS patients
have been ill for more than 5 years, the
average life expectancy is 2.5 years with
bulbar and 3.5 years with spinal debut of
ALS. In recent years, there has been an
increase in the incidence of MND in the
world [11].

The disease is manifested by the de-
velopment of motor disorders, bulbar and
pseudobulbar syndrome, as a result of
which the patient becomes immobilized,
cannot eat and talk. The main cause of
death in patients with ALS is restrictive or
restrictive-obstructive respiratory failure,
which develops due to paralysis of the
diaphragm muscles, respiratory muscles
and aspiration of food and saliva in bul-
bar disorders[7].

Managing a patient with ALS is a very
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difficult task for a doctor because of the
severity, rapid progression and incurable
course of the disease. In a challenging
complex of medical and social objectives,
one of the main ones are the bioethical
problems that accompany a patient with
ALS until the end of his life. The com-
plexity of bioethical problems arises at
all stages of the provision of specialized
medical care (SMC) by a neurologist. At
the 1st stage of outpatient SMC, if ALS is
suspected, the doctor is faced with a di-
lemma: whether to inform the patient and
his relatives about his suspicions or await
the final diagnosis after the examination.
When providing SMC at stage 2 in an
inpatient hospital, when differential diag-
nosis with ALS-like diseases has been
carried out and the final diagnosis of
ALS has been established, the attending
physician also faces the difficult task of
communicating the diagnosis to the pa-
tient and his relatives. At the same time,
psychological work should be carried out
separately with the patient and his rela-
tives who will take care of him in the fu-
ture. The decision on palliative therapy,
social, financial issues, as well as the pa-
tient's preliminary orders should be made
long before there is a need for enteral nu-
trition or auxiliary ventilation of the lungs.
All this requires the use of a complex of
social, medical, and legal measures, the
main of which is a bioethical issue affect-
ing the moral aspects both on the part of
the doctor and on the part of the patient
and his relatives. In the Russian Feder-
ation, there is no single standard for the
management of patients with incurable
and fatal diseases, including ALS.
Materials and methods of research.
The study included patients with ALS
(n=11), their relatives (n=11) and neurol-
ogists (n=30). 3 out of 11 patients need-

ed periodic artificial lung ventilation. All
study participants gave written informed
consent to participate in the study.

Inclusion criteria:

1. patients with clinically reliable ALS
using El Escorial criteria [5];

2. relatives of ALS patients who do not
have a mental iliness;

3. doctors with a specialization in neu-
rology

Exclusion criteria:

1. patients with ALS-mimicking
syndromes;

2. patients and their relatives who
have not signed a written informed con-
sent for the study;

3. patients with severe MND who
cannot participate in the study on their
own;

4. relatives of patients with mental
illnesses.

Research methods

1. The clinical method included a
study on EIl Escorial criteria to establish
ALS and to assess somatic status

2. Using the Hospital Anxiety and De-
pression Scale (HADS) to study the psy-
cho-emotional state of patients and their
close relatives.

3. The method of medical interview
was conducted with patients and close
relatives caring for a patient with ALS to
determine the degree of readiness to ac-
cept information about their disease.

4. The questionnaire method was con-
ducted for neurologists.

5. Statistical analysis of the research
results was carried out using Excel to de-
termine the average values.

Results. The sample of patients in-
cluded 11 patients with reliable ALS ac-
cording to El Escorial criteria. By ethnici-
ty, 8 (72.7%) people are representatives
of the Yakut ethnic group, 3 (27.3%) pa-
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tients are of the Russian ethnic group.
The average age was 53+11.8 years.
The age varied from 30 to 72 years. In 5
patients, the diagnosis of "ALS" was es-
tablished for the first time. The remaining
6 patients were diagnosed from 1.5 to 5
years ago.

A survey on the HADS scale showed
that all patients experience clinically
pronounced anxiety and depression.
However, a survey on the HADS scale
of relatives of patients did not reveal clin-
ical signs of depression, while the level
of anxiety also significantly exceeded
normal indicators. Thus, in the group of
patients with ALS, the anxiety level av-
eraged 17.74% 0.48 points, depression -
13.60+ 0.68. In relatives of patients with
ALS, the anxiety level was 13.8 + 0.32
points. The average level of depression
in family members was 5.9+0.62 points.

Thus, our study shows that all patients
and their family members experience
pronounced psycho - emotional stress
associated with the disease.

In addition, in none of the cases was
the help of a clinical psychologist pro-
vided, because in outpatient clinics to
which these patients were attached, the
staffing of this specialist is not provided
due to the absence of a compulsory med-
ical insurance (CMI) tariff for this medical
service. In inpatient hospitals, excluding
hospitals of the regional vascular center,
vacancies of clinical psychologists are
also not provided for this exact reason. If
possible, this function is performed by the
attending neurologist.

During the survey , neurologists an-
swered the following questions:

1. Do you think that it is necessary to
hide the diagnosis under an ALS-like dis-
ease, for example, vertebrogenic myelop-
athy, so as not to cause depression, sui-
cide, vascular crises in the patient, which
can lead to acute disorders of cerebral
circulation and acute coronary syndrome,
etc., or give them full information about
the disease?. 7.4% of doctors answered
affirmatively, and 92.6% of the surveyed
doctors believe that it is not necessary to
conceal the disease from the patient;

2. Do patients with ALS and their rel-
atives require the help of a psycholo-
gist? 100% of the respondents answered
"Yes".

3. Does your organization have a psy-
chologist?

A survey among doctors of state
budgetary and autonomous institutions
showed that 48% of these institutions
have a psychologist;

4. Does your organization have a local
bioethics committee?

The survey showed that only 20% of

medical organizations have local bioeth-
ics committees;

5. Are you familiar with the contents
of the Order of the Ministry of Health of
the Russian Federation No. 348n "On
approval of the list of medical devices
intended to maintain the functions of or-
gans and systems of the human body
provided at home" dated May 31, 2019,
the list of which includes general-purpose
artificial lung ventilation devices provided
for use at home. 19% of doctors were not
familiar with this order;

6. What measures of medical and so-
cial assistance would you recommend?

Neurologists recommend these mea-
sures of medical and social assistance:

- supervision by multidisciplinary
teams, including home visits — 3.2% of
the surveyed doctors;

- management of patients by specially
trained neurologists and treatment of pa-
tients in specialized ALS clinics— 31,2%;

- creation of medical and social care
centers for patients with ALS — 3.2%;

- creation of a unified ALS register —
3.1 %;

- creation of local bioethics commit-
tees — 51.1%.

- simplification of the procedure for ob-
taining at-home-ventilators through Palli-
ative care centers — 11.4%

The method of clinical interview re-
vealed that patients were concerned
about the following questions (each
question out of 100% of cases):

1. How will ALS affect life expec-
tancy - (92%)?

2. Will they be able to cope with
their daily work — (85%)?

3. Is this disease
(65%)?

4. Why did the patient get this dis-
ease — (97%)?

5. Is there a search for an effective
drug — (86%)?

6. Are there state support measures
for patients with ALS (45%)?

Discussion. Observation of patients
with ALS revealed bioethical problems
at different stages of disease progres-
sion. The patient's condition depends on
how the diagnosis is presented: will the
patient be able to accept the inevitability
of a fatal outcome, will he choose a posi-
tion of humility and non-resistance to the
disease or will he find the inner strength
to live with this incurable and fatal dis-
ease. And this circumstance imposes on
the attending physician a great moral re-
sponsibility in connection with the need to
communicate the diagnosis to the patient
and people close to him. When communi-
cating the diagnosis of ALS to the patient
and his loved ones, it is necessary to ob-
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serve the moral norms of medical ethics
and deontology.

Bioethical problems in reporting the
diagnosis of amyotrophic lateral sclero-
sis. Guided by paragraph 1 of Article 22,
Federal Law No. 323 of 21.11.2011 (ed.
of 03.07.2016), the doctor must provide
all the necessary information without
the intent of concealment. In case of an
unfavorable prognosis, the nature of the
disease should be reported in a delicate
form to a citizen or his spouse, one of the
close relatives, unless the patient has
forbidden to inform them about it and
(or) has not identified another person to
whom such information should be dis-
closed." Due to the lack of a single algo-
rithm of actions in the Russian Federa-
tion in such situations, the doctor acts at
his discretion and in the way it is custom-
ary to act in these cases in this medical
institution [1]. When deciding on the diag-
nosis of "ALS", it is necessary to keep in
mind how the patient and his relatives will
perceive the diagnosis.

When voicing the diagnosis, the at-
tending physician needs to take into ac-
count the characteristics of the patient's
character, how close his ties are with
family members, whether there are other
close people besides relatives. It is im-
portant to assess the situation in advance
and choose the tactics of voicing the di-
agnosis: will the patient be able to accept
the diagnosis alone or is it preferable to
communicate the diagnosis in a circle of
relatives or close people. The support of
relatives and close friends during the pe-
riod of informing about a fatal disease is
very important[9].

Thus, the doctor must foresee what
emotions the news of his diagnosis will
cause in the patient and be internally pre-
pared for them in order to be able to react
objectively. Sometimes doctors, in order
to avoid a difficult moral situation when
communicating with a patient, postpone
the diagnosis until the day of discharge
from the hospital. Such a position on the
part of a doctor, on whom patients pin
their hopes, is undesirable and unac-
ceptable. We believe that the diagnosis
should be reported before discharge from
the hospital so that the patient can col-
lect his thoughts and assess the situation
with his relatives, as well as discuss what
medical and social assistance he can re-
ceive after discharge from the hospital.

Bioethical problems when connecting
the patient with ALS to a ventilator. For
the palliative treatment of ALS, there is
a "gold standard" of palliative therapy for
ALS, which includes artificial lung venti-
lation, percutaneous endoscopic gastros-
tomy, enteral nutrition, the drug riluzol



(not registered in the Russian Federa-
tion) and symptomatic pharmaceutical
and non-pharmaceutical treatment [8].

Medical personnel should remember
that the installation of a ventilator to re-
place respiratory function requires prior
resolution of bioethical problems. Before
installing the device, it is necessary to
have a conversation with relatives and
the patient. It should be noted that the
decision to connect a patient to a venti-
lator primarily falls on his family and is a
very important moral step on their part,
since the maintenance of the life of a sick
family member depends on the care of a
patient with a ventilator. In some cases,
the patient decides not to continue com-
municating with doctors and refuses to
discuss his diagnosis with loved ones,
falls into despondency and refuses to
be treated [15]. In such cases, not only
the help of close people is needed, but
also a psychologist, so that they can help
the patient cope with the awareness of
the disease and direct him to the path of
solving the problem, and not escaping it.
The sources describe cases of affective
behavior and numerous suicidal attempts
in such situations, for example, in Hun-
tington's disease [9]. When choosing to
connect to a ventilator, the patient's fami-
ly or close circle should take into account
their financial capabilities, familiarize
themselves with the requirements for car-
ing for a patient who is on a ventilator in
a hospital or at home. Before connecting
the ventilator, it is necessary to obtain in-
formed consent for the installation of the
device.

Using a ventilator at home, until June
2019, was an unsolvable problem for
most patients with ALS, not only because
of the financial difficulties of purchasing
equipment for personal use at home,
but also the lack of state support. On
May 31, 2019, two Orders were issued
by the Ministry of Health of the Russian
Federation, the Ministry of Labor and
Social Protection of the Russian Feder-
ation No. 348n "On approval of the list of
medical devices intended to maintain the
functions of organs and systems of the
human body provided at home" [3] and
Order No. 345n/372n on approval of the
"Regulations on the organization of pal-
liative care, including the procedure for
interaction of medical organizations, so-
cial service organizations and public as-
sociations, other non-profit organizations
engaged in their activities in the field of
health protection" [4]. In Order No. 348n,
the list includes general-purpose artifi-
cial lung ventilation devices provided for
use at home. These orders are a good
state support for patients receiving palli-

ative care at home, about which patients
and medical workers are insufficiently in-
formed. Out of all the surveyed neurolo-
gists, 88% indicated insufficient provision
of ventilators.

Around the world, an interdisciplinary
approach to the symptomatic treatment
and care of patients with ALS is prac-
ticed, which could be adopted and imple-
mented in Russian healthcare at the level
of primary medical and social assistance
[10, 12, 16].

The preservation of intelligence of pa-
tients with ALS, on the one hand, helps
them to objectively assess their current
situation and independently or jointly with
loved ones - solve the issue of gastros-
tomy and periodically connecting to a
ventilator, and on the other hand, they
understand and are aware of the fact that
palliative care is only a temporary mea-
sure. At the same time, the absence of
bedsores, replacement respiratory ther-
apy with a ventilator due to good care,
as well as the participation of the MND
patient's loved ones in solving his issues,
make the diagnosis of amyotrophic lat-
eral sclerosis not so fatal. An interdisci-
plinary, palliative approach can prolong
survival and preserve the quality of life
[10,13,14]. This requires clarification to
relatives that with timely prevention of
complications, i.e. adequate patient care,
proper ventilation, a patient with ALS can
live on a ventilator for an average of up to
1 year or more [2].

In our study, two patients with ALS
underwent respiratory replacement ther-
apy with a ventilator at home. This is a
woman, 54 years old, Sakha, with a bul-
bar debut of ALS and a moderate rate of
progression of the disease and a man, 54
years old, Russian, with a cervical debut
of ALS and a rapid rate of progression.
In the first case, before connecting to the
ventilator, a preliminary conversation was
held with the patient and her husband,
informed consent was obtained to con-
nect her to the ventilator at home. Before
purchasing a ventilator, the patient was
in the intensive care unit. The ventilator
was purchased at their own expense.
The woman lived for 5 years after con-
necting the ventilator, nutrition was car-
ried out through a nasogastric probe. The
patient was periodically examined by a
neurologist, therapist, surgeon, received
physical therapy, massage. That is, a
multidisciplinary approach was imple-
mented during her care. In the second
case, the life expectancy with a ventilator
was 2 years. Given the rapid rate of de-
velopment of the disease, it was decided
to inform his wife about the possible im-
minent death of a patient with ALS, who
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asked not to inform her husband about
it, because the patient himself was in a
state of subclinical depression. Since the
FVC was less than 50%, the patient had
indications for connection to a ventilator.
The couple decided to connect to a ven-
tilator. After receiving written informed
consent, a ventilator was installed for the
patient. In the future, a ventilator for use
at home was rented.

Doctors and relatives of the patient
should take into account the inevitable
emotional and volitional disorders, as well
as depression in ALS, which can lead to
untimely decisions by the patient regard-
ing treatment methods aimed at prolong-
ing life. It is necessary to convince the pa-
tient that the use of a ventilator at home is
a method of respiratory support, and not
a resuscitation measure, and does not
require the patient to stay in the intensive
care unit. At the same time, the patient
has the opportunity to stay with his family,
can travel and even work remotely. Fam-
ily members should be warned about the
reorganization of their everyday life, ad-
justed for patient care. All patients and
their family members need the help of a
psychologist and a psychotherapist.

Conclusion. Thus, our study of bio-
ethical issues in the organization of spe-
cialized care for patients with amyotrophic
lateral sclerosis revealed both the insuffi-
ciency of existing measures of medical
and social support, and the insufficien-
cy of informing doctors about regulatory
documents of state support for patients
who need a ventilator, the absence of
psychologists and bioethical committees.
Psychological support during the entire
period of observation of patients, compli-
ance with ethics and deontology, respect
for the rights of the patient are the basis
for the organization of specialized care
for this category of patients. Local ethical
committees of medical institutions should
help in discussing complex ethical prob-
lems that have arisen in clinical practice
and need to formulate recommendations
on how these problems should be solved.
It is also necessary to introduce the ex-
perience of interdisciplinary teams in the
management of patients with ALS.
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SCREENING OF MALIGNANT NEOPLASMS
IN THE POPULATION OF THE REPUBLIC

OF SAKHA (YAKUTIA)

This article describes the incidence of malignant neoplasms in the Sakha Republic’s popula-
tion selected for screening studies and presents an assessment of the results of the Onkopoisk.
Sakha (mass screening tests) pilot project. Screening is carried out for six types of malignant
neoplasms that are an important problem for regional healthcare. In the course of screening, we
carried out 12,826 tests and identified 21 cases of malignant neoplasms and 51 cases of pre-
cancerous conditions. The proportion of patients with stage 0-2 malignant processes was 62%.

Preliminary results of Onkopoisk.Sakha demonstrated how it can be useful in screening and
early diagnosis of cancer in the Sakha Republic. This screening program using online platforms
complements other activities of medical examinations and preventive examinations and is in
demand because it meets the requirements of sanitary and epidemiological safety and saves

resources.

Keywords: malignant neoplasms, morbidity, mortality, cancer screening, liver cancer, breast
cancer, prostate cancer, lung cancer, colorectal cancer, cervical cancer.

Introduction. Cancer screening is an
important component of comprehensive
cancer control measures aimed at the
early detection of asymptomatic malig-
nant tumors or precancerous conditions
by inviting patients who correspond to a
practically healthy target population but
can be classified as risk groups accord-
ing to certain characteristics [2].

According to Global Burden of Dis-
eases Cancer Collaboration, from 2007
to 2017, the incidence of oncology in the
world increased by 33%, and for DALYs
oncology has moved from sixth to second
place after cardiovascular diseases as
the most common cause of death in pa-
tients [6]. According to the WHO forecast,
by 2050, cancer incidence worldwide will
increase to 54 million, and mortality to 16
million cases per year [10]. Global society
suffers significant productivity losses due
to cancer deaths. Investing in programs
targeting high-morbidity cancers that oc-
cur in young people can reduce produc-
tivity losses for society the most [8, 9].

Introducing new, more effective meth-
ods of early diagnosis, treatment, and
prevention of cancer in economically
developed countries helps reduce mor-
tality and increase life expectancy. For
example, in the United States from 1991
to 2017, a continuous decrease in deaths
from malignant neoplasms led to an
overall decrease in mortality by 29% [3].
Another example demonstrating the pos-
sibilities of modern medicine is the wide-
ly-adopted 2020 WHO global strategy to
accelerate the elimination of cervical can-
cer as a public health problem [5].

As a process, screening includes a
whole system of activities from inform-
ing and inviting the target population to
providing treatment and evaluating the
process to improve it [7]. This process
is complex and costly but screening for
breast, cervical, and colon cancer is now
proven effective in terms of balancing
benefit and risk; screening can also be
effective for long-term smokers to identify
lung cancer, as well as patients with viral
hepatitis and cirrhosis of the liver to iden-
tify liver cancer, and in people with a pos-
itive PSA test to identify prostate cancer.

The Sakha Republic is the largest
subject of the Russian Federation in
terms of area (3 million sq. km) with a
population of 972 thousand people as of
early 2020 (population density — 0.31
people per 1 sq. km). There has been a
steady increase in the incidence of ma-
lignant among the population in recent
years. According to Rosstat (Russia’s
Federal State Statistics Service), for the
period from 2010 to 2019 in the Repub-
lic, the increase in malignant neoplasms
(MN) was 31.3% (from 213.8 to 280.7 per
100,000 people). When implementing the
Zdravookhranenie (Healthcare) National
Project of the Yakut Republican Onco-
logical Dispensary (Yakutsk, Russia), the
project’s team developed the Onkopoisk.
Sakha online project, and since August
11, 2020, it has been implemented in
test mode, aimed at screening and early
cancer diagnostics in the Sakha Republic
(oHkonomnckcaxa.pd).

Purpose of the Study: providing an
up-to-date description of the incidence
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of malignant neoplasms (MN) in the
Sakha Republic’'s population selected
for screening studies and evaluating the
results of the Onkopoisk.Sakha pilot proj-
ect.

Materials and Research Methods.
The study used data published by the P.
Herzen Moscow Oncology Research In-
stitute — a branch of the National Med-
ical Research Radiological Center of the
Ministry of Health of the Russian Feder-
ation [1]. The results of the Onkopoisk.
Sakha pilot project for screening MNs
based using the database at YROD are
provided as of September 15, 2022. The
project’s questionnaire includes six can-
cer locations: prostate, lung, breast, liver,
colon and rectum, and cervix. By having
personal accounts for the patients, we
were able to provide convenient regis-
tration and store the results in an online
database.

During the first stage, the patients use
a web app at a convenient time to regis-
ter their personal account and complete

the questionnaire; if there’s a high risk
of developing oncopathology identified,
they are invited to undergo an additional
examination at the medical facility. Mean-
while, in patients with an increased risk of
developing cancer or signs of cancer, an
additional comprehensive examination is
performed.

It is important to note that the research
did not set the task of completing con-
trolled studies to evaluate the effective-
ness of the screening methods or the
sensitivity of the tests.

Results and Discussion. Analyzing
the average values of age-standardized
incidence ratios (SIR) of incidence over
a 10-year period showed that, in gener-
al, the incidence of malignant neoplasms
in the Sakha Republic was lower than
the average for the Russian Federation,
both in men and women (Table 1). We
observe a relatively stable situation in
dynamics for men in the Sakha Republic
and the Russian Federation as a whole
from 2010 to 2019 (+4 and +2.8%, re-

spectively), while for women we see a
moderate growth trend (+11.3 and +12,
2%). At the same time, when consider-
ing the localizations of MNs included in
the screening programs in the popula-
tion of both the Sakha Republic and the
Russian Federation, there are significant
differences in the levels of SR depending
on gender.

For instance, the incidence of liver
cancer (C22) in the Sakha Republic’s
male population was 3.8 times high-
er than in the Russian Federation as a
whole. There is also a slight excess of
lung cancer SIR (C33, 34) by 8.2%. While
the dynamics of lung and liver cancer in
the Sakha Republic’'s SIR from 2010 to
2019 are relatively stable, despite their
wave-like movement (-8.2% and +3.9%,
respectively), in the Russian Federation
as a whole, there is both a decrease
and increase depending on the localiza-
tion (-15.9% and +25.6% respectively).
Meanwhile, the SIR of prostate cancer
(C61) and colorectal cancer (C19-21)

Table 1

Comparison of Standardized Cancer Incidence Rates Per 100,000 Population (World Population Standard) [1]
SR — Sakha Republic, RF — Russian Federation

. . Years o
Localization Territory 1 510 T 2011 [ 2012 [ 2013 | 2014 | 2015 | 2016 | 2017 | 2018 [ 2019 | ™M 3% €D
Men
PC () |250.1[255.8|249.0(228.6(248.9(270.9|245.3|255.2|247.4(260.0| 251 (243-258)
All neoplasms (C00-97)
PO 279.6(273.5|270.7(271.3|277.6 | 284.0| 283.1 [ 286.7 | 286.5 | 286.8 | 280 (275-285)
) PC () |58.7|54.0 493|492 |54.1|50.1]|593|49.0|48.0|53.9| 53(50-56)
Trachea, bronchi, lung (C33, 34)
PO 54.0 | 51.1 | 50.0 | 49.2 | 48.8 | 49.9 | 48.9 | 49.0 | 47.5 | 45.4 | 49 (48-51)
PC (4 18.1 | 17.6 | 18.6 | 202 | 182 | 21.1 | 18.0 | 19.8 | 202 | 18.8 | 19 (18-20
Liver and intrahepatic bile ducts (C22) ) ( )
PD 43 | 41 | 39 | 41 | 43 | 48 | 49 | 52 | 51 | 54 5 (4-5)
PC(SI) | 14.8| 133|129 | 143|189 | 33.7| 19.1 | 243 | 21.8 | 25.6 | 20 (15-25)
Prostate gland (C61)
PO® 30.6 | 32.3 | 32.5 | 34.6 | 39.4 | 40.2 | 39.0 | 40.5 | 41.5 | 43.5 | 37 (34-41)
Rectum, rectosigmoid junction, PC(I) | 11.0 129|109 | 98 | 10.6 | 13.6 | 12.1 | 9.1 | 10.0 | 122 | 11(10-12)
anus (C19-21) P® 146 | 141 | 143 | 13.9 | 143 | 149 | 149 | 15.1 | 154 | 158 | 15 (14-15)
Women
PC(5I) |179.6|186.5|183.8|187.1|185.8(207.1|184.7|191.8|194.0{ 199.9| 190 (184-196)
All neoplasms (C00-97)
PD 209.0207.9]208.5|210.7|216.9{223.0|225.6|229.6|230.2| 234.5| 220 (212-227)
Trachea, bronchi, lung (C33, 34) PC(I) | 154 |16.7| 134|138 | 13.1 | 142 | 147|150 | 13.2| 15.1| 15(14-15)
rachea, bronchi, lun s
& P® 71170 | 68| 72| 73| 77| 77| 81| 83| 80 8 (7-8)
. ) o PC(I) |105[109| 99 | 9.0 | 108 12.0| 9.6 | 7.1 | 11.4| 102 10 (9-11)
L d intrahepatic bile ducts (C22
iver and intrahepatic bile ducts (C22)—— 19| 19| 18 | 19| 20 | 21 | 21 | 22 | 21 | 21 2(22)
PC(SI) | 252344353389 373|386/ 355]|37.7|349]|389| 36(33-39)
Mammary gland ( C50)
PD 458 | 452 | 462 | 47.1 | 48.9 | 49.8 | 50.9 | 52.0 | 51.6 | 53.3 | 49 (47-51)
Rectum, rectosigmoid junction, PC () 75| 80| 95| 86| 82| 80| 75| 73 |104] 9.2 8 (8-9)
anus (C19-21) PD 89 | 89 | 88 | 89 | 9.1 | 93 | 92| 92| 94 | 94 9 (9-9)
, PC() | 134|167 166|203 |19.6| 192229202 |21.6| 184 | 19(17-21)
Cervix (C53)
PO 137|137 13.9 | 142 | 145|150 | 155 | 158 | 158 | 154 | 15 (14-15)

Note: 1 — Malignant Neoplasms in Russia in 2007-2019 (Morbidity and Mortality). Moscow: P. Herzen Moscow Oncology Research Institute,
Branch of the National Medical Research Radiological Center of the Ministry of Health of the Russian Federation; M (95% CI) — average
value for the 2010-2019 period (95% confidence interval).
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were lower than in the Russian Feder-
ation by 1.9 and 1.4 times, respectively.
However, in the dynamics of prostate
cancer, the SIR tends to increase both in
men in the Sakha Republic by 1.7 times,
and by 1.4 times in the Russian Federa-
tion. The incidence of colorectal cancer in
dynamics is stable with a slight increase
(+10.9% in the RS (Y), +8.2% in the Rus-
sian Federation as a whole).

In the female population in the Sakha
Republic, the SIR of lung cancer (C33,
34) was 1.9 times higher than the nation-
al average, liver (C22) — 5 times, and
cervical (C53) — 1.3 times. The risk fac-
tors for breast cancer (C50) and colorec-
tal cancer (C19-21) were 1.4 times and
12.5% lower than the Russian average,
respectively. Additionally, in dynamics
over a 10-year period, the SIR of breast
cancer in women in the Sakha Republic
increased by 1.5 times, colorectal cancer
— by 1.2 times, and cervical cancer — by
1.4 times, while lung and liver cancer SIR
remained practically unchanged. In wom-
en in the Russian Federation, there is a
moderate increase in most SIRs covered
in this article (with the exception of the
practically unchanged SIR of colorectal
cancer): breast cancer — increased by
16.4%, lung cancer — by 12.7%, cervix
— by 12.4%, liver cancer — by 10.5%,
and colorectal cancer — by 5.6%.

Hence, screening for six cancer
types has an important place in the fight
against cancer in the Republic of Sakha
(Yakutia). The high incidence of liver

cancer (C22) and lung cancer (C33, 34)
among the population of both sexes,
cervical cancer (C53) among the female
population all with mortality higher than
the national average (with the exception
of lung cancer in men) should be treated
as regional features in the epidemiologi-
cal situation.

15,521 people who have filled out a
total of 18,202 questionnaires (Table 2)
took part in the pilot project for screen-
ing MNs using the YROD database (as
of September 15, 2022). The largest
number of completed questionnaires
has been for screening of liver cancer
(31.3%), as well as lung and breast can-
cer, which is explained by the greater
awareness of the population regarding

cancer developing in these localizations.
21 patients had MN of the total complet-
ing the questionnaires, that is, the overall
detection rate was 1.4 cases per 1,000
respondents.

In the course of screening, we have
completed a total of 12,826 studies (Ta-
ble 3) where we have detected 21 cases
of malignant neoplasms and 51 cases of
precancerous conditions, including 9 pa-
tients with precancer according to Lung-
RADS (LDCT control after 1-3-6 months)
and 9 more patients with precancer ac-
cording to BI-RADS (mammography
control after 6 months). The screening
excluded 12,410 people with 11,059
healthy patients, 73 patients refusing fur-
ther examination, and 1,207 patients sent

Table 2

Detection of Malignant Neoplasms Among Screening Patients (n = 15521)

. . Total MN Detected
Questionnaires Number| % People |Per 1000
Number of people who have completed questionnaires| 15521 100 21 1.4
Total number of completed questionnaires 18202 100 21 1.2
Including screening for

Lung cancer 3978 25.6 4 1.0
Liver cancer 4855 313 2 0.4
Breast cancer 4380 28.2 5 1.1
Prostate cancer 464 3.0 1 2.2
Colon and rectal cancer 2965 19.1 3 1.0
Cervical cancer 1560 10.1 2 1.3

Table 3

Results of Additional Comprehensive Examinations to Detect Malignant Neoplasms

Revealed IIpuunne! oTceBa
o Other conditions | Continuing No Other .
Examination Total MN | subject to remote | examination | pathology pathology furIt{lfglfgsl{gin
control detected identified g

n | 2045 4 9 6 1742 282 2
NDCT % | 100 | 0.2 0.4 03 85.2 3.8 0.1
Liver ultrasound n | 2200 2 4 11 1450 719 14
% 100 0.1 0.2 0.5 65.9 32.7 0.6

Mammography n 926 3 0 7 809 106 1
(women >40 years old) % 100 0.3 0 0.8 87.4 11.4 0.1

Breast ultrasound n 480 2 9 11 357 96 5
(women <40 years) % 100 0.4 1.9 2.3 74.4 20.0 1.0
n | 1679 3 8 19 1583 37 29
[HA stool for occult blood % | 100 | 0.2 0.5 11 94.3 22 1.7
Tumor markers n | 4363 3 11 11 4325 13
% | 100 0.1 0.3 0.3 99.1 0.3

n 173 1 170 2
PSA for prostate cancer % 100 06 983 2

Cervical screening (smear test) 1 932 2 10 ! 600 294 6
% | 100 0.2 1.1 0.8 64.4 31.5 0.6

. n 28 1 23 3 1
Thyroid ultrasound % | 100 | 3.6 82.1 10.7 3.6
Total n |12483| 21 51 72 11059 1207 73
100 0.2 0.4 0.6 88.6 9.7 0.6
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Malignant neoplasms detection stages during
the Onkopoisk.Sakha screenings

to polyclinics at their places of residence
with other pathologies. We have exam-
ined 511 patients at YROD, with 72 pa-
tients continuing with their examinations,
while 73 patients have refused further
examination.

As a result of screening, patients
at risk of having or developing the dis-
cussed diseases in the future are singled
out from an apparently healthy popula-
tion for an earlier intervention to improve
their health [4]. In the pilot project and

out of 21 cases of malignant neoplasms
identified during screening studies, 1
case was detected at stage 0 (in situ),
12 — at stages 1-2, 5 cases — at stage
3, and 3 cases — at stage 4 of disease
(Fig. 1). The proportion of patients with a
malignant process of stage 0-2 was 62%.
Additionally, we have taken 51 patients
under dispensary observation.
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CHARACTERISTICS OF PATHOLOGICAL
LESION OF THE WORKING POPULATION
OF THE SOUTHERN ZONE OF YAKUTIA

A comprehensive survey of the working population of the Aldan district of the Republic of Sakha (Yakutia) was conducted. A total of 175 people
of working age of non-indigenous nationality were examined. A high frequency of pathology on the part of the digestive, cardiovascular and en-
docrine systems, including the first identified, was revealed. Overweight and obesity had a high incidence, being a risk factor for the development
of cardiovascular diseases. Every 10 respondents have registered oncopathology, 3 participants of the study were sent for further examination
with suspicion of malignant neoplasms. The role of primary health care, including shop doctors, is of great importance in the early detection and
prevention of risk factors for the most common chronic non-communicable diseases and timely effective medical care, as well as health schools for
patients with hypertension, coronary heart disease, diabetes mellitus, gastritis, cancer, etc.

Keywords: pathological lesion, working population, South Yakutia.

The development of the socio-eco-
nomic sphere of any country is largely
determined by labor resources depen-
dent on the health of the able-bodied
population, which directly or indirectly
depends on a number of factors. Con-
sidering that the Aldan district of the
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Republic of Sakha (Yakutia) is located
on the territory of the Elkon uranium
ore industry with a possible technogen-
ic effect of uranium decay products, the
relevance of the study of the working
and living population is undeniable. The
medical and demographic analysis ac-
cording to the official data of the Federal
State Social Service for the Republic of
Sakha for 2000-2020 showed high mor-
tality rates of the population of the Aldan
district in comparison with the national
indicators (13.4-15.3 versus 8.6-9.3 per
1000 people). In 2020, the mortality rate
from diseases of the circulatory system
(DCS) exceeded the national data by

more than 2 times (815.8 vs. 404.9 per
100 thousand people). Mortality from
neoplasms in the Aldan district in 2020
also exceeded by more than 1.5 times in
comparison with the national data (215.5
and 131.6 per 100 thousand people, re-
spectively). The indicators for the inci-
dence of DCS in this area in 2020 were
almost 2 times higher than the national
ones (328.1 vs. 186.6 per 1000 people),
and malignant neoplasms (MNP) by
32.2% (337.5 vs. 255.2 per 100 thou-
sand people) [1].

Objective: To assess the health status
of the working population of the Aldan
district of the Republic of Sakha (Yakutia)



based on the results of a comprehensive
medical examination.

Materials and methods of research.

From March 27 to April 3, 2022 , a
singe-stage comprehensive medical ex-
amination of the working population of
the mining cities of Aldan and Tommot
of the Aldan district was conducted . The
study was conducted by a visiting team of
practicing medical specialists of the Ya-
kut Science Centre of Complex Medical
Problems which consisted of: a therapist,
cardiologist, neurologist, ophthalmolo-
gist, oncologist, ultrasound diagnostics
doctor and endoscopist. According to the
list of employees, every 3rd employee of
the institution was invited to the exam-
ination of specialists. The response was
75%.

175 residents of the Aldan district of
working age of non-indigenous nation-
ality were analyzed, including 66 men
and 109 women (37.7% and 62.3%,
respectively), whose average age was
43.4+1.08 years for men and 44.7+1.40
years for women.

The research program of the adult pop-
ulation included the following sections:
informed consent of the respondent (ac-
cording to the protocol of the Ethics Com-
mittee of the YSC CMP dated 10.03.2022
No.56, decision 3); questionnaire survey
to assess the objective condition; anthro-
pometric examination with measurement
of height and body weight with calculation
of body mass index, clinical examination
and instrumental research.

For further analysis, the traditional in-
dicator was used - body mass index (BMI)
or Quetelet index, which was calculated
by the following formula: BMI (kg / m?)
= body weight (kg) / height (m?). Over-
weight was considered to be a BMI = 25
and <30 kg/m?, obesity was determined
at a BMI of = 30 kg/m? [National clinical
guidelines for the treatment of morbid
obesity in adults, 2018, 3rd revision].

Blood pressure (BP) was measured
twice with an OMRON M2 Basic automat-
ic tonometer (Japan) in a sitting position
with calculation of average blood pres-
sure with a margin of permissible mea-
surement error of £ 3 mm Hg. (ESH/ESC,
2013) according to the instructions for the
correct measurement of blood pressure,
outlined in the European clinical guide-
lines for the diagnosis and treatment of
hypertension. Hypertension is present at
the 140/90 mmHg or taking antihyperten-
sive drugs during the study or stopping
them less than 2 weeks before the study
(2017 ACC/AHA Guideline).

Nosological diagnosis was made by
specialists according to the International
Classification of Diseases X revision.

The incidence of disease was calculat-
ed by the following formula:

Incidence of disease = (number of dis-
eases registered in the population)/(num-
ber of population) x100

Statistical analysis was carried out
using the SPSS STATISTICS software
package (version 26.0). Qualitative vari-
ables are described by absolute and
relative frequency (percentages), quanti-
tative variables are described using the
mean value and the standard error of
the mean value. When comparing the
groups, Spearman's criteria were used
x2. The statistical significance of the dif-
ferences (p) was assumed to be equal to
5%.

Research results and discussion.
A comprehensive medical examination
of the adult population showed that only
23 people (13.1%) were recognized as
practically healthy, i.e. not having one or
another disease According to the results
of the study, disease was detected in 152
out of 175 people (86.9%). The incidence
of disease was 270.1 per 100 examined,
i.e. 2-3 diseases per person on average.
For the first time in their life, the diagnosis
was made in 43 people. In the structure
of disease incidence, the leading place
was occupied by diseases of the diges-
tive organs, which were registered in
more than half of the study participants
(57.7 per 100 examined, or 21.4% of all
diseases) (Table 1). The second rank-
ing position with a small difference was
occupied by diseases of the circulatory
system (DCS), which were also regis-
tered in more than half of the surveyed
contingent (57.1 or 21.2%, respectively).
Diseases of the endocrine system, eating
disorders and metabolic disorders occu-
pied the third position in the structure of
diseases (51.4 or 19.1%). The total share
of the most common disease among the
study participants was more than half of
the total. In addition to the above classes
of diseases, diseases of the eye and its
accessory apparatus, musculoskeletal
system, connective tissue and genitouri-
nary system occupied a significant share
in the structure of pathological lesions.

The first rank position in terms of the
frequency of pathological lesions was
occupied by diseases of the digestive or-
gans. The most common pathology from
the gastrointestinal tract (Gl) in the adult
population was chronic cholecystitis - 54
cases, the proportion was 43.5% of the
total pathology of the GlI, chronic gastri-
tis (n= 47, 37.9%, respectively). Perhaps
this is due to poor-quality drinking water,
because 35 ppl. or every fifth respon-
dent indicated in the questionnaire that
he drinks untreated water from water
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supply systems extracted from water in-
take wells, which does not properly un-
dergo complex water treatment, where
the presence of radon, a uranium decay
product, is also not excluded.

The second most frequent occurrence
was occupied by DCS, which were main-
ly represented by hypertension, coronary
heart disease (CHD) and cerebrovas-
cular diseases (CVD). More than half of
the respondents had hypertension (AH)
(n=98 or 56.0%), including 25 who were
diagnosed for the first time, which was
14.3%. AH is mainly represented in the
2nd stage - 45 people, the 1st and 3rd
stages are exhibited in 25 and 28 peo-
ple, respectively. CHD was detected in
25 respondents or 14.4% of all study
participants, more than half of them were
diagnosed for the first time (n=14, 8.0%,
respectively), including the subacute
stage of myocardial infarction in 1 patient
who was urgently referred for inpatient
treatment to the cardiology department
of the central district hospital. CVDs were
mainly represented by dyscirculatory
(hypertensive) encephalopathy and the
consequences of ischemic stroke (n=32,
18.3%, respectively).

Endocrine system diseases, eating
disorders and metabolic disorders were
next in frequency of occurrence among
respondents. Taking into account the
high frequency of overweight and obesity
in the adult population, respectively, ex-
ogenous constitutional obesity prevailed
among diseases of the endocrine system
(77 cases, the proportion was 85.5% of
the total pathology of the endocrine sys-
tem). Type 2 diabetes mellitus was regis-
tered in 7 study participants (7.8%).

Among the diseases of the eye and its
accessory apparatus, the most frequent
pathology is mainly represented by reti-
nal angiopathy (n=38 or 65.5% of the to-
tal pathology of the visual organs).

The most frequent pathology among
diseases of the genitourinary system is
represented by diseases of the female
genital organs, among which cervical
dysplasia was the leader (n=25 or 53.2%
of all existing pathology of the genitouri-
nary system).

Diseases of the musculoskeletal sys-
tem and connective tissue were mainly
represented by osteochondrosis of the
spine (n=26), the proportion of all pathol-
ogy in this structure was 72.2%.

Neoplasms occupied the VIl rank po-
sition in the structure of pathological le-
sions, and were found in almost every
10th participant of the study (n=18 or
10.3 per 100 examined). Malignant neo-
plasms (MNP) were registered in 4 study
participants: 2 women with cervical can-
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Table 1

The structure of pathology of the adult population of the Aldan district

Class of diseases (ICD — 10) Rank Pathological lesions paser
(per 100 examined) gravity
(per 100 diseases)
A00-B99 Infectious and parasitic diseases X1 0.6 0.2
C00-D48 Neoplasms VII 10.3 3.9
D50-D89 Diseases of the blood, hematopoietic organs and individual disorders involving XI1 11 0.4
the immune mechanism
E00-E90 Diseases of the endocrine system, eating disorders and metabolic disorders 111 51.4 19.1
G00-G99 Diseases of the nervous system VIII 4.0 1.5
HO00-H59 Diseases of the eye and its accessory apparatus v 33.1 12.3
100-199 Diseases of the circulatory system 11 57.1 21.2
J00-J99 Respiratory diseases X 2.3 1.0
K00-K93 Diseases of digestive organs I 57.7 21.4
MO00-M99 Diseases of the musculoskeletal system and connective tissue VI 20.0 7.4
NO00-N99 Diseases of the genitourinary system A% 26.8 9.9
Q00-Q99 Congenital anomalies (malformations), deformities and chromosomal disorders | X 2.3 1.0
S00-T98 Trauma, poisoning and some other consequences of exposure to external causes | XI 1.7 0.7
All diseases 270.1 100.0

Table 2

The structure of pathology of the adult population of the Aldan district depending on gender

Number Number per
Class of diseases (ICD — 10) per 100 men | 100 examined | > p
examined women
A00-B99 Infectious and parasitic diseases 0 0.9 0.609 | >0.05
C00-D48 Neoplasms 7.6 11.9 0.843 | >0.05
g&ﬁﬁgmzics}f:rfie:rff the blood. hematopoietic organs and individual disorders involving the| 0 1.8 1.225 | >0.05
E00-E90 Diseases of the endocrine system. eating disorders and metabolic disorders 50.0 523 0.086 | >0.05
G00-G99 Diseases of the nervous system 3.0 4.6 0.259 | >0.05
HO00-H59 Diseases of the eye and its accessory apparatus 27.3 36.7 1.647 | >0.05
100-199 Diseases of the circulatory system 62.1 54.1 1.072 | >0.05
J00-J99 Respiratory diseases 3.0 1.8 0.263 | >0.05
K00-K93 Diseases of digestive organs 57.5 57.8 0.008 | >0.05
MO00-M99 Diseases of the musculoskeletal system and connective tissue 18.1 21.1 0.219 | >0.05
NO00-N99 Diseases of the genitourinary system 9.1 37.6 17.026| 0.000
Q00-Q99 Congenital anomalies (malformations). deformities and chromosomal disorders 0 3.7 2.478 | >0.05
S00-T98 Trauma. poisoning and some other consequences of exposure to external causes 1.5 1.8 0.025 | >0.05
All diseases 239.2 286.1 0.303 | >0.05

cer, 1 man with stomach cancer and 1
man with chronic lymphocytic leukemia.
All patients are under the supervision of
a therapist and oncologist, have no signs
of disease progression. Three study par-
ticipants with suspected urogenital tract
infection were recommended to be ex-
amined at the Yakutsk Republican Onco-

logical Dispensary. In the studies of P.M.
Ivanov, the leading positions in the prev-
alence of the digestive and reproductive
system in the industrial zone of Yakutia
are shown, which causes cancer in pa-
tients with precancerous diseases [2; 5].
Other neoplasms are mainly represented
by benign uterine fibroids.

For a more detailed analysis, we con-
ducted a gender comparison of disease
incidence (Table 2). In a comparative
analysis of pathological lesions per 100
examined women, the incidence of one or
another pathology was significantly high-
er compared to men, there were almost
three diseases per woman. This is due



to the statistically significantly high inci-
dence of pathology of the genitourinary
system, mainly represented by diseases
of the female genital organs. In the work
of Semenova I.N. [1], the high incidence
of genitourinary disease in working wom-
en compared with the male population of
the mining province of Russia was also
confirmed. In the gender comparison,
men (n=41 or 62.1 per 100 examined)
had significantly more DCS than women
(n=57 or 54.1, respectively) (p=0.228).
Otherwise, there were no statistically
significant differences in pathological
lesions. Diseases of the digestive sys-
tem, endocrine system, eating disorders
and metabolic disorders were registered
equally often.

According to anthropometric indica-
tors, such as the average BMI, no signifi-
cant gender differences were obtained, in
men it was 28.79 +0.50 and 28.96+0.57
in women. According to the BMI values,
56 ppl. or 32.2% of the total number of
study participants were overweight, obe-
sity was registered in 77 people (44.2%).
In a gender comparison, 27 men or
40.9% and 29 women had excess weight
(26.9%) (x 2=3.70 p=0.05). Obesity by
BMI was relatively equally common in
both men (n=29 or 43.9%) and women
(n=48 or 44.4%), and did not differ signifi-
cantly (x 2=0.004, p=0.948).

Thus, in the non-indigenous popula-
tion of the Aldan district of the Republic,
overweight and obesity had a high inci-
dence, being a risk factor for the devel-
opment of cardiovascular diseases. The
high pathological incidence of diseas-
es of the digestive tract, cardiovascular
system and endocrine pathology may be
due to unfavorable exogenous factors,
the nature of nutrition and lifestyle. Also,
previously conducted comprehensive
biomedical studies confirmed the high
frequency of these nosologies [3].

Conclusion. Indicators of incidence
of disease of the working population
of the southern zone of Yakutia, being
an additional link of social and hygienic
monitoring, presented a real picture of
disease prevalence among the popula-
tion, making it possible to form forecasts
of the prevalence of diseases. The high
frequency of pathology on the part of the
digestive, cardiovascular and endocrine
systems in the able-bodied population
of South Yakutia shows an unfavorable
picture of the state of health, possibly
due to the negative influence of both ex-
ternal and internal factors, as evidenced
by statistical data on morbidity and mor-
tality of the population of this region. And
considering that the surveyed contingent
belonged to a non-indigenous or "alien"
population, the syndrome of chronic
adaptive overstrain can be assumed. The
newly identified pathology, including the
suspicion of newly diagnosed malignant
neoplasms, is alarming. Special attention
should be paid to the high frequency of
detection of pathology of the cardiovas-
cular system during the comprehensive
medical examination, which, if not diag-
nosed in time, could lead to fatal conse-
quences. Perhaps the reason for this is
the low level of medical care, low cover-
age of medical examinations or the lack
of highly qualified specialists in the field.

In this article, we did not detail the in-
fluence of lifestyle factors of respondents
and their work safety. The role of primary
health care, including front-line doctors, is
of great importance in the early detection
and prevention of risk factors for the most
common chronic non-communicable dis-
eases and timely effective medical care,
as well as organization of health schools
for patients with hypertension, coronary
heart disease, diabetes mellitus, gastritis,
cancer, etc.

The work was carried out within the
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framework of the research of the YSC
CMP "Regional peculiarities of biochemi-
cal, immunological and morphological in-
dicators in the indigenous and alien pop-
ulation of the Republic of Sakha (Yakutia)
in norm and pathology" (FGWU-2022-
0014) and the research of the Academy
of Sciences of the Republic "Assessment
of the levels of exposure of the popula-
tion of the Aldansky district due to natural
sources of radiation and recommenda-
tions to carry out protective measures to
reduce them."
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HYDROCHEMICAL FACTORS

AND MALIGNANT NEOPLASMS

OF THE URINARY SYSTEM IN RESIDENTS
OF THE PRILENSKY ZONE OF YAKUTIA

In the Republic of Sakha (Yakutia), the incidence of malignant neoplasms of the urinary system from 2001 to 2015 increased by 1.9 times. The
quality of the surface waters of the Lena River and its basin is affected by the economic activities of mining, energy, utilities, water transport, oil de-
pots, agriculture with direct discharge of wastewater into them, as well as due to the ingress of pollutants into the adjacent settlements. territories.
The purpose of the study is to assess the relationship between the incidence of malignant neoplasms of the urinary system organs and hydrochem-
ical factors polluting the aquatic environment in the Prilensky zone of Yakutia. Correlation analysis was performed on the data on the incidence of
MNs in the organs of the urinary system of the population (2001-2015) and the data on the chemical composition of water in the Prilensky zone
of Yakutia (1979-1985). The results of the analysis indicate that Yakutia belongs to the territories with a rather pronounced contrast in terms of the
incidence of cancer of the urinary system. It can be assumed that the territorial variability in the number of people with cancer of the urinary system
organs may well be a reflection of the correlation of the incidence rate, both exogenous and endogenous "risk factors". During the analyzed period,
strong direct correlations were established between the parameters of the urinary tract organs with the level of chlorides and synthetic surfactants
(surfactants). Correlations of average strength with the level of nitrites, magnesium, transparency, color and mineralization of water in the territories
of the Lena zone for 1979-1985 were also revealed.

Keywords: cancer, organs of the urinary system, hydrochemical factors, Republic of Sakha (Yakutia).

Introduction. Urinary tract cancer is
common and includes a range of lesions
ranging from small benign tumors to ag-
gressive neoplasms with high mortality.
The predominant malignant neoplasm
(MN) of the urinary tract is bladder can-
cer [11]. Bladder cancer is the 10th most
common cancer in the world and its in-
cidence is steadily increasing worldwide,
especially in developed countries [6].
According to GLOBOCAN, 550,000 peo-
ple were diagnosed with bladder cancer
in 2018. This represents approximate-
ly 3% of all new cancer diagnoses. The
region with the highest rate of bladder
cancer among women is Southern Eu-
rope (same as among men), where it is
estimated that 26.5 men per 100,000 and
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5.5 women per 100,000 of the population
develop the disease each year [5]. The
regions with the lowest incidence of blad-
der cancer are Central and West Africa,
Central America with a below-average
Human Development Index, possibly due
to lower exposure to industrial chemicals
and limited access to tobacco [6]. Urothe-
lial cells lining the bladder and urinary
tract are constantly exposed to potential-
ly mutagenic environmental agents that
are filtered into the urine by the kidneys
[9]. In Russia, bladder cancer ranks 8th in
the structure of oncological pathology in
men and 18th in women [4]. The increase
in the incidence of bladder cancer is as-
sociated primarily with the difficult diag-
nosis of the disease in the initial stages,
due to the asymptomatic course, or the
similarity of the clinic and symptoms with
other diseases of the genitourinary or-
gans. Most cases of bladder cancer are
associated with the effect of carcinogenic
substances excreted in the urine on the
urothelium [1]. In the Republic of Sakha
(Yakutia), the incidence of malignant neo-

plasms of the urinary system from 2001
to 2015 increased by 1.9 times. In partic-
ular, this pathology in men was 8.92%, in
women 5.57% of all MNs in 2015 (Table
1) [2].

In Yakutia, the quality of drinking water
is one of the key problems of preserving
the gene pool, improving the healthcare
system and promoting a healthy life-
style for the population. One of the key
objectives of research carried out in the
RS(Y) is the identification of hydro-, bio-
geochemical environmental factors in the
permafrost zone, which are important in
the formation of high incidence rates of
malignant neoplasms in the population.
On the quality of surface waters of the
river. The Lena and its basins are affect-
ed by the economic activity of mining,
energy, utilities, water transport, oil de-
pots, agriculture with direct discharge of
wastewater into them, as well as due to
the ingress of pollutants into the territo-
ries adjacent to settlements. Taking into
account the insufficient knowledge of the
role of hydrosphere factors in the pro-

Table 1

Dynamics of the incidence of malignant neoplasms
of the urinary system by five-year periods (2001-2015)

Both sexes Men Women
Years
n % % n %
2001 95 5.07 61 6.59 34 3.57
2005 106 5.43 72 7.27 34 3.54
2010 118 5.81 70 7.05 48 4.83
2015 181 7.16 107 8.92 74 5.57
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cesses of carcinogenesis, we made an
attempt to compare the incidence rates of
the urinary system organs with the chem-
ical factors of the aquatic environment.

The purpose of the study was to as-
sess the relationship between the inci-
dence of malignant neoplasms of the uri-
nary system organs and hydrochemical
factors polluting the aquatic environment
in the Prilenskaya zone of Yakutia.

Material and research methods. We
analyzed the annual reporting data of the
State Budgetary Institution of the Repub-
lic of Sakha (Yakutia) "Yakutian Republi-
can Oncological Dispensary" and mate-
rials on the chemical composition of the
water of the river. Lena "Ministry of Na-
ture Protection of the Republic of Sakha
(Yakutia)". Aggregate data on the inci-
dence of malignant neoplasms of the uri-
nary system of the entire population (per
100 thousand) of three subzones (Nizh-
nelenskaya, Srednelenskaya and Verkh-
nelenskaya) of the Prilenskaya zone (ll)
of the Republic of Sakha (Yakutia) for the
period 2011-2015 and the concentration
of water chemicals in those same sub-
zones of the Prilenskaya zone for the
period 1979-1985. Taking into account
the data of a number of studies that re-
vealed the relationship of bladder cancer
with harmful substances in drinking wa-
ter, where the duration of their exposure
was considered from 30 [7] to 40 years
[10], we adopted a period and exposure
of pollutants in water up to 30 years.

To determine the strength of the influ-
ence of polluting components of drinking
water on the incidence of cancer of the
urinary organs, we calculated the co-
efficients of pair correlation. Statistical
data processing was carried out using
the SPSS Statistics 19 application pack-
age. To study the relationships between
variables, the procedure of the paired
correlation method was used using the
Pearson test, where r is the correlation
coefficient. The Pearson correlation co-
efficient (r-Pearson) is used to study
the relationship between two variables
measured in metric scales on the same
sample. The article presents the data of
correlation analysis, the critical values of
the significance level (p) of which were
less than 0.05.

Results and discussion. The results
of studies of other medical-geographical
zones of Yakutia, taken into account on
the basis of the involvement of their ter-
ritories in the basins of the largest rivers,
showed that high levels of growth in the
general oncological incidence of the pop-
ulation are found along the riverbed of
the Aldan (150%), Amga (116%) and Vi-
lyui 113%. Compared to these zones, the

same indicator in the Prilenskaya zone
was 105%, in particular, in the Nizhnel-
enskaya subzone - 102%, Srednelenska-
ya - 117% and Verkhnelenskaya - 96%.
The leaders in the growth rate for MN in
the Prilenskaya zone are Megino-Kan-
galassky (158%), Zhigansky (123%)
and Khangalassky (120%) districts. In
men, the maximum rate of increase in
the incidence of MN is observed in the
Zhigansky district (175%), in women - in
the Megino-Kangalassky district (154%)
(Table 2). In the Russian Federation in
2010, 18.7 thousand patients with newly
diagnosed kidney cancer were identified,
which accounted for 3.6% of all MNs reg-
istered in the same year. For the period
from 2001 - 2010. there was a significant
increase in the incidence of kidney can-
cer, both in the male (from 3.6 to 4.3%)
and female (from 2.6 to 3.0%) popula-
tion. In 2010, the "rough" incidence rate
of the entire population was 13.2 per 100
thousand people, which is 36.1% high-
er than in 2001 (10.2), including 15.7 in
men, women - 11.1% . The levels of
standardized incidence rates for the male
and female population were 12.1 and
6.6%,,,, respectively, and the average
annual growth rate was 3.1 and 2.1%,
respectively. The maximum incidence
occurs in the age group of 70 years and
older [3, 4].

Forthe period 2001-2015. in the Prilen-
sky zone, the total number of patients reg-
istered with the first-ever diagnosed MN
was 5953 patients, of which 467 patients
had cancer of the urinary system, which
accounted for 7.8% of the total number
of registered patients and the overall in-
cidence rate was 18, 8 per 100000 pop-
ulation. The most affected group in both
populations was formed by people over
50 years old (73.6%). There were 29 chil-
dren between the ages of 0 and 14 years
old, which accounts for about 0.1% of
cases of kidney cancer in the republic on
average per year (in the Russian Federa-
tion in 2010 - 0.97%). An active increase
in the incidence is observed starting from
40-49 years old, reaching a maximum
(33.8) in the age group of 50-59 years,
due to a high increase in the incidence
rate, both in men (38.5%) and in women
(30.8%). During the analyzed period, the
consolidated incidence of cancer of the
urinary system tended to increase (from
18.0 to 22.7°/ ) with an average annual
growth rate of 4.75%. Thus, among the
10 administrative territories located along
the Lena River, the Verkhnelenskaya
subzone of 23.9% (from 7.6 to 22.2% )
stands out with the highest average an-
nual rate of increase in incidence, where
the gas and oil industries are developed,
followed by followed by Srednelenskaya

Table 2

Dynamics of incidence rates of malignant neoplasms in the population
of the Prilensky zone for five-year periods (per 100,000 population)

Territories Both sexes Men Women
Zone District 2001-{2011-| Temm [2001-{2011-| Temm [2001-{2011-| Temm
(subzone) 2005 | 2015 |pocra| 2005 | 2015 |pocra| 2005 | 2015 |pocra
<
E‘ Bulunskiy 168.5(135.4| 0.80 [136.0|100.7| 0.74 |203.7|173.5| 0.85
o
£
.g Zhigansky 201.8248.4| 1.23 [163.3|286.8| 1.75 [238.6(211.4| 0.89
Gorny 147.2|146.7| 1.00 [150.3|158.9| 1.06 [144.3|135.1| 0.94
% % Kobyaisky 198.1(177.4] 0.90 [208.2]|168.0| 0.81 [188.2|186.3| 0.99
2
5 g M-Kangalassky |175.6(227.7| 1.58 [168.2]273.3| 1.62 [183.6|283.1| 1.54
g g Namsky 145.7176.0| 1.21 |158.5|179.4| 1.13 [133.8|172.9| 1.29
E 5 Khangalassky |189.1(227.7| 1.20 [215.3(253.7| 1.18 [164.1(202.6| 1.23
Yakutsky 214.51243.5| 1.14 {215.9|234.4| 1.09 [213.3(251.8| 1.18
g,
g Lensky 252.91207.6| 0.82 {260.6|187.2| 0.72 [245.1(228.0| 0.93
o
£
% Olekminsky 243.61265.0| 1.09 {276.0|279.5| 1.01 [211.8(250.7| 1.18
>
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(agriculture) - 3.05% (respectively from
19.8 to 23.0%,,) and Nizhnelenskaya
- 1.45% (from 14.7 to 15.8% ). One of
the key tasks of onco-epidemiological
research is to identify risk factors that
are important in the formation of high
incidence rates of cancer of the urinary
system in some selectively taken climatic
and geographical zones of the territory of
Yakutia. An analysis of the annual indica-
tors of the chemical composition of water
in the territories of the Prilensky zone for
1979-1985 indicates a significant mosaic
of the hydrochemical characteristics of
the aquatic environment of the subzones
of the Lena River (tabl.3).

Among the selected medical-geo-
graphical territories, the Verkhnelenska-
ya subzone stands out in terms of the
level of pollution of the aquatic environ-
ment, belonging to the territories of in-
tensive industrial development with the
involvement of shift workers for work,
where the infrastructure of diamond, oil,
and gas production is predominantly de-
veloped. On the territories of the Upper
Lena, which is part of the Irkutsk region
(Vitim, Ust-Kut), there is the base of the
Lena Shipping Company, which is one
of the leading transboundary polluters
of the Lena River. So, in the zone of the
upper reaches of the Lena River (sub-
zone of South Yakutia), the indicators
of: bichromate oxidizability, the content
of suspended solids and phenol are 4 or
more times higher than those of the lower
reaches (Arctic subzone) of the Lena Riv-
er. From 3 to 4 times exceeded the indi-
cators of contamination with oil products,
mineral and total phosphorus, water-sol-
uble CO, and nitride nitrogen. From 2to 3
times the content of chlorides, total min-
eralization, magnesium, synthetic surfac-
tants and from 1.2 to 2 times the content
of silicon, calcium, sulfates, carbonates
and biochemical oxygen consumption for
5 days. A relatively low content of zinc,
water-soluble oxygen, iron and copper
was found.

Our correlation analysis of the mor-
bidity of the population of MNs of the uri-
nary system (2011 and 2015) with hydro-
chemical factors in the subzones of the
Prilensky zone (1979-1985) revealed the
presence of strong direct relationships
(at the level of p<0.01) with the level of
chlorides (r=0.996; p=0.004) and syn-
thetic surfactants (surfactants) (r=0.997;
p=0.007). Also, correlations of medium
strength (at the level of p<0.05) with the
level of nitrites (r=0.972; p=0.028), mag-
nesium (r=0.983; p=0.017); transparen-
cy (r=0.971; p=0.029), color (r=0.956;
p=0.044) and mineralization of water
(r=0.951; p=0.049).

Table 3

Comparative characteristics of the annual indicators of the chemical composition of
water in the territories of the Lena zone for 1979-1985

; Subzones:  Ratios
Chemical | Total in the : indicators
£ Prilenskaya
actors Jone A- B- C- ABl AB
Nizhnelenskaya | Srednelenskaya | Verkhnelenskaya| ** '
Suspended 15.1 59 12,8 258 |44:1.0|2.2:1,0
solids
Transparency 61,7 17,2 70,2 80,5 47:1,0(4,1:1,0
Acidity 7,26 738 7,29 7,11 1,0:1,0( 1,0:1,0
Carbon 9.4 34 12,1 10,7 3,1:1,0(13,6:1,0
dioxide
Oxygen 10,1 11,6 9,2 10,0 0,9:1,0] 0,8:1,0
Bichromate X .
oxidizability 34,7 8,7 43,7 49,9 5,7:1,0] 5,0:1,0
Five-day
biochemical 1,93 1,74 2,01 2,03 1,2:1,0] 1,2:1,0
oxygen
demand
Chroma 35,0 22,8 40,3 38,4 1,7:1,0| 1,8:1,0
Oil products 0,191 0,062 0,19 0,22 3,5:1,0 3,1:1,0
Phenols 0,006 0,002 0,004 0,008 4,0:1,0| 2,0:1,0
Synthetic 0,044 0,022 0,049 0043 [20:1,0]22:10
surfactants
N ammonium 0,13 0,1 0,17 0,1 1,0:1,0| 1,7:1,0
N nitride 0,06 0,02 0,07 0,05 3,1:1,0]4,4:1,0
N nitrate 0,02 0,05 0,02 0,01 0,2:1,0] 0,4:1,0
N common 0,27 0,29 0,33 0,21 0,7:1,0] 1,1:1,0
Phosphorus |~ 935 0,005 0,066 0018 [36:1,0(132:1,0
mineral
Phosphorus |~ 0,051 0,011 0,091 0037  [34:1,0(83:1,0
Iron 0,15 0,35 0,16 0,13 0,4:1,0]0,5:1,0
Silicon 2,3 1.4 2.8 2,6 1,9:1,0{2,0:1,0
Copper 2,6 5,3 2,8 2,2 0,4:1,010,5:1,0
Zinc 12,3 14,1 11,9 12,0 0,9:1,0] 0,8:1,0
Carbonate . .
(HCO,) 75,3 61,8 86,9 82,3 1,3:1,0| 1,4:1,0
Sulfates 33,1 21,5 35,7 39,4 1,8:1,0( 1,7:1,0
Chlorides 63,76 23,29 71,17 60,1 2,6:1,0]3,1:1,0
Calcium 32,32 19,16 33,13 35,84 1,9:1,0| 1,7:1,0
Magnesium 9,32 4,54 9,57 9,64 2,1:1,0(2,1:1,0
Mineralization| 276, 0 132,4 2713 297 2,2:1,0(2,0:1,0
Hardness 1,88 1,33 2,16 2,06 1,5:1,0] 1,6:1,0

Our findings of a strong association of
chlorides with urinary tract malignancies
are consistent with several epidemiolog-
ical studies that have shown an associa-
tion between bladder cancer risk and ex-
posure to trihalomethanes, the main dis-
infection by-products of chlorinated water,
with risks increasing significantly at expo-
sure levels above 25 mcg/l and with more
than 30 years of exposure to chlorinated
water [10]. Surfactants are introduced
into the reservoir in large quantities with
domestic wastewater, with wastewater
from industrial enterprises, with runoff
from farmland. Over the past few years,
there has been an increase in evidence

of possible links between nitrate levels in
drinking water and cancer risk. N-nitroso
compounds are presumably carcinogens
of the human bladder [8]. Assessing the
role of individual hydrochemical envi-
ronmental factors in the occurrence of
cancer of the urinary system, it can be
noted that under the influence of factors
that often have a multidirectional effect
on homeostasis, various pathophysiolog-
ical, pathomorphological changes occur,
leading to chronicity of diseases that are
considered "precarcinogenic conditions".

Conclusion. The results of the anal-
ysis indicate that Yakutia belongs to the
territories with a rather pronounced con-



trast in terms of the incidence of cancer
of the urinary system. It can be assumed
that the territorial variability in the number
of patients with cancer of the organs of
the urinary system of organs may well be
a reflection of the correlation of the inci-
dence rate, both exogenous and endoge-
nous "risk factors".
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L.D. Olesova, A.l. Yakovleva, E.D. Okhlopkova, S.I. Sofronova,

T.E. Popova, A.N. Romanova

BIOCHEMICAL PARAMETERS OF THE
BLOOD OF THE POPULATION IN THE ZONE
OF INCREASED NATURAL RADIOACTIVITY

An analysis of the main biochemical parameters of the population living in the territory with unfavorable natural radioactivity of 222Rn revealed
changes in the biochemical spectrum of blood serum in the population of the Aldan region, indicating the presence of signs of disadaptation. Lipid
profile changes are associated with gender and smoking. The shift of lipid metabolism towards atherogenicity is more pronounced in men due to
an increase in the atherogenic fractions of lipids in the blood that are susceptible to peroxidation and a decrease in the level of the antiatherogenic
fraction of lipids. The shift of metabolic flows towards catabolism, activation of glycolysis, dyslipidemia indicate the tension of carbohydrate and lipid
metabolism, which is a sign of disadaptation of the body and the risk of developing environmentally conditioned diseases, including neoplasms.

Keywords: radon, metabolism, lipids, carbohydrates, disadaptation.

Introduction. One of the environmen-
tal risks for human health is the radiation
hazard caused by the anomalous content
of radioactive elements in nature. On the
territory of the Republic of Sakha (Yaku-
tia), the population of the Aldan region is
exposed to a similar risk, where there is
an increased natural radioactivity of the
rocks of the Aldan shield and the close
location of the Elkon uranium ore region,
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in which the main reserves of uranium
in Russia are concentrated. From rock
dumps, the decay product of uranium iso-
tope radium radon (222Rn) enters water,
soil and air. In the sources of drinking wa-
ter supply and in the air of the premises of
Aldan and Tommot, as well as nearby vil-
lages, its high content is often noted [1, 3].

Radon is considered a carcinogenic
agent and is an element of risk to hu-
man health [12]. An indicator of nega-
tive environmental impacts on the body
is the level of the state of health of the
population with such the most objective
indicator as mortality. The general death
rates of the population of the Aldan re-
gion are high compared to the nationwide
indicators (respectively 13.4-14.2 versus
8.6-7.8 per 100 thousand population).
Mortality from diseases of the circulato-
ry system occupies a leading place and
exceeds more than 2 times the data for
RS (Y) (741.7 versus 354.0 per 100 thou-
sand population). The second place is
occupied by mortality from neoplasms (in
2019 -214.0 and in 2020 - 215.5 per 100
thousand population), the third - mortali-

ty from external causes (in 2019 - 146.9
and in 2020 . - 143.3 per 100 thousand
population). In the structure of the gener-
al morbidity of adults for 2000-2018. dis-
eases of the respiratory organs, the cir-
culatory system, and the musculoskeletal
system are of decisive importance [2].

Thus, in the conditions of unfavorable
natural radioactivity in the Aldan region,
the state of health of the population is
characterized by a steady downward
trend. And any shift from health to dis-
ease occurs on the basis of a gradual
decrease in the adaptive reserves of the
body associated with a violation of ho-
meostasis, and the constancy of the inter-
nal environment of the body is achieved
by biochemical adaptation, which allows
maintaining the physiologically normal
state of the body [6]. In this regard, the
determination of biochemical parameters
of blood serum is necessary not only to
identify pathological processes occurring
in the body, but also to assess the signs
of disadaptation.

Target. Assessment of biochemical
parameters of the adult population living
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in the territory under the influence of nat-
ural sources of radiation to identify signs
of disadaptation of the body.

Material and research methods.
In the spring of 2022, a comprehensive
medical and biological examination of
175 adults in the city of Aldan and the city
of Tommot, Aldan district, was carried out,
there were 66 men (37.7%), women - 109
(62.3%). The mean age was 44.0 (35.0;
52.0) ME, for men 45.0 (35.0; 53.0), for
women 42.0(36.0; 51.0). The study was
carried out as part of the research work
of the YSC KMP "Regional features of
biochemical, immunological and mor-
phological parameters in the indigenous
and alien population of the Republic of
Sakha (Yakutia) in normal and patholog-
ical conditions" (FGWU-2022-0014) and
the research work of the Academy of Sci-
ences of the Republic of Sakha (Yakutia)
"Evaluation of exposure levels of the pop-
ulation of the Aldan region due to natural
sources of exposure and recommenda-
tions for the implementation of protective
measures to reduce themy». The study
was conducted with the informed consent
of the subjects and was approved by the
decision of the Local Ethics Committee at
the FSBSI "YSC CMP".

The material of the study was venous
blood serum. Blood sampling was carried
out from the cubital vein in the morning
from 8 to 10 am on an empty stomach
after a 12-hour abstinence from food. To
assess the state of lipid metabolism, total
cholesterol (TC), high-density lipoprotein
cholesterol (HDLC), ftriglycerides (TG)
were determined by the enzymatic meth-
od on an automatic biochemical analyzer
"Labio" using reagents "Analyticon" (Ger-
many). LDL-C and VLDLC were calcu-
lated using the formula of Friedewald et
al. (1972). Atherogenic coefficients (AC)
were calculated according to the formu-
la proposed by A.N. Klimov: AC=(TC -
HDLC)/HDLC (Klimov, Nikulcheva, 1999).
Enzyme activities were determined: ala-
nine aminotransferase (ALT), aspartate
aminotransferase (AST), glutamyl trans-
peptidase (GGT), alkaline phosphatase
(ALP), creatine kinase (CK), lactate de-
hydrogenase (LDH), blood serum levels
of glucose, uric acid, urea, creatinine,
total protein and albumin.

To determine the frequency of lipid
metabolism disorders, the Russian rec-
ommendations of the VIl revision of the
Russian Society of Cardiology in 2020,
compiled taking into account the Europe-
an recommendations of 2019, were used.
The level of total cholesterol 25.0 mmol /
I (190 mg/dl) was taken for hypercholes-
terolemia (HCH) taking into account the
risk cardiovascular death on the SCORE

scale, elevated LDL-C >3.0 mmol/l (115
mg/dl) at low, >2.6 mmol/l at moderate,
>1.8 mmol/l at high, >1 .4 mmol/l at very
high and extreme risk, reduced HDLC -
HDLC 1.0 mmol/l (40 mg/dl) in men and
1.2 mmol/l (46 mg/dl) in women . Hyper-
triglyceridemia (HTG) was defined as a
TG level of >1.7 mmol/l (150 mg/dl). Fast-
ing hyperglycemia was established at a
glucose level of >5.6 mmol/l. Participants
receiving specific medical treatment for
these conditions were also classified as
having these disorders.

Statistical data processing was car-
ried out using the IBM SPSS Statistics 23
application software package. Standard
methods of variation statistics were used:
calculation of average values (M), mean
error (m). The normality of the distribution
was verified by the Kolmogorov-Smirnov
method. In the case of a normal distribu-
tion of quantitative indicators, the Stu-
dent's t-test was used to evaluate sta-
tistical hypotheses, and in the case of a
deviation from the normal distribution, the
Mann-Whitney U-test was used. Evalua-
tion of relationships between variables
was carried out using a paired correlation
method using Pearson's criteria (for met-
ric variables) and Spearman's (for vari-
ables measured in a rank scale), where
r - is the correlation coefficient, p -is the
significance of the result.

Results and discussion. The aver-
age values of all biochemical blood pa-
rameters of the examined sample did not
go beyond normal values, except for a
slight excess of total cholesterol (TCH)
and ftriglycerides (TG). Gender compari-
son showed that ALT and ALP enzymes
are significantly active in men, and the
state of lipid metabolism turned out to be
worse, as evidenced by the increased
value of the atherogenic coefficient (AC)
(p=0.017), which reflects the degree of
risk of developing atherosclerosis and
related heart diseases and vessels. The
imbalance of the lipid profile in men is
caused by a significantly high level of
total cholesterol, a relatively low level of
the anti-atherogenic lipid fraction (HDLC)
(p=0.000) and a relatively high level of
the atherogenic lipid fraction (LDLC)
(p=0.000). In women, despite the high
level of TG, AC was within the normal
range due to a compensatory increase
in HDLC cholesterol levels. The content
of creatinine, uric acid and albumin within
the normal range was significantly higher
in men, and the content of urea in women
(p<0.05) (Table 1).

The correlation analysis was carried
out between the activity of enzymes (ALT,
AST, GGT) involved in glucose homeo-
stasis showed a close direct correlation

at a level above r=0.600 (p=0.000). The
activity of LDH (r=0.366; p=0.000), GGT
(r=0.211; p=0.006) and CK (r=0.295;
p=0.000) positively correlated with the
glucose level. In addition, glucose con-
centration was associated with total pro-
tein (r=0.456; p=0.000), albumin (r=0.389;
p=0.000), urea (r=0.224; p<0.004), uric
acid (r=0.242 p=<0.001).

Direct correlations of enzyme activ-
ity with the content of total cholesterol
were obtained: ALT (r=0.261; p=0.001),
AST (r=0.341; p=0.000), GGT (r=0.314;
p=0.000), ALP (r=0.324; p =0.000).

The close correlations between en-
zymes and substrates are explained by
the fact that the constancy of six biochem-
ical blood parameters (total protein and
albumin, glucose and cholesterol, urea
and creatinine) is ensured by a numerous
system of enzymes. The main enzymes
involved in the main transamination flows
are AST and ALT, where AST ensures the
entry of substrates into the tricarboxylic
acid cycle, i.e. supports adequate bio-
energetics and thermogenesis, and ALT
ensures the operation of the glucose-al-
anine shunt to maintain a constant blood
glucose level. GGT, ALP, LDH and CK
are also involved in the same metabolic
pathways and are also the main enzymes
that maintain homeostasis. All enzymes
are involved in the processes of adap-
tation to new environmental conditions,
loads, etc. The conditional general mark-
er of metabolism is the de Ritis coefficient
(AST/ALT), where AST shows the level of
catabolism, ALT - the level of anabolism,
while metabolic equilibrium is achieved
at a value equal to 1.5, and fluctuations
from 1.2 to 1.6 are taken as adaptive
range [4, 5]. In clinical biochemistry, the
de Ritis coefficient is used in the case of
high enzyme activity to diagnose cardiac
(>1.5) or hepatic (<1.5) pathology.

According to our data, the average
value of the ratio of AST to ALT within the
reference values was 2.18, which indi-
cates an adaptive metabolic shift towards
the predominance of the catabolic orien-
tation of metabolic flows and is especially
brighter in women (p=0.022).

Despite the average value of biochem-
ical parameters within the normal range,
significant differences were found in the
frequency of a decrease or increase in
certain indicators associated with gender
(Table 2).

The frequency of lipid spectrum
disorders. The level of total choles-
terol (TCH) was high in 54.5% of men
and 37% of women. A high value of tri-
glycerides (TG) was found in 42.4% of
men and 37.7% of women. Fluctuations
in the levels of TCH and TG did not have



a significant association with gender, but
violations of TCH are much more often
recorded in men, which is confirmed by
a significant high average value of total
cholesterol (5.65+0.23 mmol/l).

Changes in the content of HDLC,
LDLC and VLDLC are significantly asso-
ciated with gender, which also indicates
the dependence of changes in the athero-
genic coefficient (AC) on these indicators.
HDLC levels were mostly normal or high.
Its value within the reference values was
14.5% more common in men, and an el-
evated level slightly above the upper limit
of normal (>2.2 mmol/l) was 2 times more
common in women (p=0.000). Among
the surveyed, low HDLC was extremely
rare - in two men. The content of LDLC
in normal values was found in 80.4% of
women and 56.1% of men, therefore, an
increased level of this atherogenic lipid
fraction is more than 2 times more com-
mon in men (p=0.001).

The value of AC within the normal
range was significantly more common
in women (94.4%), in men this figure
was 21.7% lower. Accordingly, a high
AC value was more often found in men
(p=0.000).

Comparison of the average values of

biochemical parameters in smokers and
non-smokers showed significant differ-
ences in the content of lipid profile indi-
cators. In smokers, the level of HDLC is
significantly lower, and LDLC and AC are
significantly higher. The imbalance of the
lipid profile is especially pronounced in
smoking men, as evidenced by the AC of
smoking men, equal to 4.72, and this is
2 times higher than in non-smoking men
(Fig. 1). Correlation analysis also showed
a negative relationship of smoking with
HDLC (r=-0.233; p=0.003), a direct rela-
tionship with LDLC (r=0.156; p=0.047),
VLDLC (r=0.164; p=0.038) and AC (
r=0.257; p=0.001) (Fig.1).

The frequency of violations of en-
zyme activity. The average activity of
enzymes transaminases ALT, AST, as
well as alkaline phosphatase, LDH and
CC were within the reference values (ta-
ble 1). Depending on gender, there was a
significant difference in the activity of ALT
and ALP within the normal range: in men,
the activity of these enzymes was higher
(Table 1).

Violations of the activity of enzymes
ALT, AST, ALP occurred in isolated cas-
es. Decreased or increased activity of
LDH was significantly more common in

Table 1

Indicators of biochemical parameters of blood in residents of the Aldan region

Mean value (M+m)
Indicator Reference Total Men Women P
n=173 n=66 n=107
Enzymes
ALT <30 U/l <30 U/l 15.62+0.66 | 17.39+0.85 [ 14.53+0.92 [ 0.024
AST <40 U/l 30.56:1.05 | 32.62+1.61 | 29.29+1.38 | 0.120
AST/ALT 1,2-1,6 2.18+0.05 2.0120.07 2.28+0.07 | 0.022
ALP <258U/1 145.02+4.17 | 163.21+6.20 | 133.80+5.29 [ 0.000
GGT <32, m |w.<32,m.<50U/1| 39.36+2.97 | 45.09+3.83 | 35.82+4.15 | 0.103
LDH 225-450E/1 | 335.28+6.72 | 321.36£9.60 | 343.86+9.04 | 0.090
CK <190U/1 122.62+13.02 | 117.58+12.91 [ 125.73+19.54 | 0.728
Lipids
Total <5,0mmol/l | 5374010 | 5.65£023 | 5.20+0.08 | 0.038
cholesterol ¥ mo ) ) ) ) ) ) )
TG <1,7 mmol/l 1.89+0.10 1.80:0.12 2.02+0.19 | 0304
HDLC >1,0 mmol/l 1.98+0.04 1.70+0.06 2.15£0.05 | 0.000
LDLC <3,0 mmol/I 2.53+0.09 3.03£0.19 2.22+1.00 | 0.000
VLDLC <1,5 mmol/l 0.8620.04 0.91%0.09 0.8240.05 | 0.396
Atherogenic <30 2234033 | 3.26£0.86 | 1.60£0.07 | 0.017
coefficient
Substrates

Glucose 3,3-5,5 mmol/l | 5.22+0.06 5.14+0.08 5.26+0.10 [ 0354
Urea 1,7-8,3 mmol/l | 3.60£0.13 | 3.13:0.273 | 3.89+0.16 | 0.008
Creatinine<s0.| £ <80.0, <97 | 90084122 | 99.3341.80 | 84556138 | 0.000
Urineacid | © <3iz;13“1'/1<488 324.1246.01 | 358.489.73 | 302.92+6.92 | 0.000
Tot. protein 65-85 g/l 78.11£0.58 | 77.64+0.85 | 78.39+0.77 | 0.518
ﬁlggﬁnm 3 3448 g1 | 4645£039 | 4745:078 | 45.82£0.40 | 0.046
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women (23.6%) (p = 0.000). LDH is an
enzyme involved in the final reaction of
glycolysis under anaerobic conditions
(the conversion of pyrubate to lactate).
LDH maintains acid-base balance, and is
stable, providing a constant pH level. If
we take as the norm the reference indica-
tor of LDH equal to 250 IU/I, then 78% of
the population of the Aldan region has an
increased activity of this enzyme. Mod-
erately high LDH activity and elevated
glucose levels indicate an intensification
of anaerobic glycolysis. Glycolysis is a
central metabolic pathway, and interme-
diates are the branching point of other
pathways, including amino acid and fat
synthesis pathways. The rate of glycoly-
sis in tumor cells is 200 times higher than
in normal cells; The source of energy for
a rapidly growing tumor in a state of hy-
poxia is glucose. This phenomenon was
described by Otto Warburger (1930) and
called the Warburger effect, according
to which the primary cause of cancer is
dysfunction of mitochondrial metabolism
[8]. While the dependence of cancer cells
on glycolysis for energy production is well
understood, the role of adipocytes and
lipid metabolism reprogramming in the
energy support of cancer growth is still
being studied. Changes in lipid metabo-
lism lead to changes in membrane com-
position, protein distribution and function,
gene expression and cellular functions,
and cause the development and pro-
gression of many diseases such as in-
flammation, hypertension, diabetes, liver
disease, heart disease, kidney disease,
neurological disorders, cystic fibrosis and
cancer [10, 14, 15].

In science, correlations of radon with
the incidence of lung cancer are known,
especially in smokers [11, 13] and, pos-
sibly, kidney cancer, melanoma, hemato-
logical cancer and primary brain tumors
are associated with long-term exposure
to high doses of radon [9, 14]. In terms
of the severity of the increase in onco-
logical morbidity rates, the Aldan region
is in second place (1.50%) after the Ust-
Maisky region (1.79%) [2]. In terms of
the prevalence of malignant neoplasms
among the population of the Aldan re-
gion, the first place is occupied by neo-
plasms of the digestive system (25.9%),
then the respiratory system (13.0%) and
then the urinary system (6.3%).

The increase in GGT activity did not
depend on gender; in both groups, the
percentage of excess enzyme activity
was 30% each. The Mann-Whitney test
revealed a direct relationship between
GGT activity and smoking (p=0.043). The
average GGT activity in smokers (n=53)
was 44.89+4.75U/I, in non-smokers -
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of Aldan region, n/%

Table 2

The frequency of violations of biochemical parameters men and women

Indicators Nen Gerer Women Pearson Chi-square df P
Total cholesterol (3.6-5.0 mmol/l)
norm 28/42.4 65/60.7
<3.6 2/3.1 2/1.9 5.536 2 0.063
>5.0 36/54.5 40/37.4
Triglycerides (<1.7 mmol/l)
norm 38/57.6 66/62.3
>1.7 28/42.4 40/37.7 0.373 ! 0.541
HDLC (0.78-2.2 mmol/l)
norm 55/83.3 64/59.3
<0.78 2/3.0 0/0.0 18.397 2 0.000
>2.2 9/13.6 44/40.7
LDLC (<3.0 mmol/l)
norm 37/56.1 86/80.4
>3.0 29/43.9 21/19.6 11.548 ! 0.001
VLDLC (0.8 - 1.5 mmol/l)
norm 59/89.4 101/92.5
>1.5 7/10.6 6/5.6 11548 : 0.001
Atherogenic coefficient (<3)
norm 48/72.7 101/94.4
>3.0 18/27.3 6/5.6 15.741 ! 0.000
ALT (<30 E/N)
norm 64/97.0 104/96.3
>30 2/3.0 4/3.7 0.057 ! 0.812
AST (40 E/l)
norm 61/91.0 98/90.7
>40 6/9.0 10/9.3 0.003 ! 0.946
De Ritis coefficient (1.2-1.6)
Hopwma 17/25.8 23/21.3 0.318
>1.6 49/74.2 83/76.9 2.294 2
GGT (women - 7-32 E/i; men - 11-50 E/l)
norm 45/68.2 77/72.0
> norm 21/31.8 30/28.0 0.279 ! 0.597
LDH. E/l
norm 64/97.0 81/76.4
<225 1/1.5 14/13.2 15.808 2 |0.000
>450 1/1.5 11/10.4
Glucose (3.3-5.5 mmol/l)
norm 52/78.8 75/71.4
>5.5 14/21.2 30/28.6 1169 ! 0.280
Urine acid (women 155-357; men 268-488 umol/l
norm 57/86.4 85/78.7
> norm 4/6.1 23/21.5 8.296 ! 0.004
< norm 5/7.6 0/0.0
Urea (1.7-8.3 mmol/l)
norm 50/75.8 98/90.7
> norm 3/4.5 3/2.8 7.442 2 |0.024
<norm 13/19.7 7/6.5
Creatinine (men <97; women <80 umol/l)
norm 25/39.7 48/44.4
> norm 38/60.3 58/53.7 2.359 2 10307
< norm 0/0.0 2/1.9
Total protein (65-85 g/I)
norm 58/87.9 78/74.3
<65.0 4/6.1 4/3.8 8.756 2 10.020
>85.0 4/6.1 23/21.9
Albumin g/l (34-48 g/1)
norm 45/68.2 81/76.4
<34 1/1.5 3/2.8 2.184 2 10336
>48 20/30.3 22/20.8

39.20+4.94U/1. GGT is one of the body's
detoxifying systems and is a marker of
intoxication and allergization. The main
localization of HHG is in the liver. A slight
activation of the GGT enzyme is an adap-
tive mechanism caused by a deficiency
of amino acids in the blood and opens
access to the proteins of internal organs
in order to eliminate hypo- and dysprotei-
memia [4].

Hypoproteinemia among the popula-
tion of Aldan was found only in 4 men and
4 women, hypoalbuminemia in 1 man
and 3 women. Total protein and albumin
are constant indicators. Their mean val-
ues were within the normal range, and
the revealed fluctuations in the level of
total protein were significantly associated
with gender (p=0.001): in men -12.1%, in
women - 26.7%. Elevated levels of total
protein were 3.6 times more common in
women (21.9%), possibly due to the fact
that high levels of total protein are asso-
ciated with stress. Maintaining the opti-
mal level of total protein is controlled by
transaminases ALT, AST and GGT. Res-
idents of the Aldan region showed signif-
icant correlation coefficients for the level
of total protein and albumin with the level
of glucose (0.456; p=0.000 and 0.384;
p=0.000, respectively) and LDH activity
(0.578; p=0.000 and 0.426; p=0.000, re-
spectively), which shows conjugation of
carbohydrate and protein metabolism.

Urea and creatinine - products of ni-
trogen metabolism in the blood are one
of the key indicators of kidney activity.
Evaluation of violations of urea and cre-
atinine content showed a gender associ-
ation of changes in its level. High rates
were found in 3 men and 3 women, and
low rates were relatively more common,
especially in men (Table 2). A decrease in
the concentration of urea in the blood oc-
curs during stress and is the result of an
increased inclusion of nitrogen in blood
proteins in the metabolic mechanisms
of the body. The average level of urea in
both groups was within the normal range,
but significantly higher in women. Deter-
mining the level of urea is necessary to
assess the intensity of catabolism and
depends on the ratio of transaminase ac-
tivity [5].

Mean creatinine levels were slightly el-
evated in both men and women (Table 1).
The frequency of its moderate increase
is not associated with gender. The per-
centage change in its level was 60.3%
for men and 55.6% for women. The slight
increase in creatinine may be related to
muscle volume.

Glucose abnormalities above the up-
per limit of normal were not associated
with gender (p = 0.280). An increase in
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glucose levels was detected in 14 men
and 30 women, which in percentage
terms was 21.2% and 28.6%, respec-
tively. In 6 people (3.4%), a high glucose
level exceeding more than 10 mmol/l was
determined, of which three did not have
an established diagnosis. The correlation
coefficient of glucose with TG level was
r=0.445; p=0.000, with VLDLC - r=0.466;
p=0.000.

Uric acid is a low molecular weight
antioxidant. Its average value, both in
men and women, is within the normal
range, and changes in its level are also
associated with gender: in women, an
increased content of uric acid was 3.5
times significantly more common than in
men (p<0.004 ).

Table 3 shows a comparative analysis
of the biochemical parameters of women
living in Aldan and Tommot. The average
content of all biochemical parameters in
both groups is within normal limits, ex-
cept for TG and glucose in women from
Tommot, which slightly exceeded the
upper limit of normal (p=0.000). Despite
the higher value of total cholesterol in the
group of women in the city of Aldan, and
TG in the group of women in the city of
Tommot in both groups of AC was within
the normal range. This is due to the fact
that women in the city of Aldan have a
higher level of HDLC, and in women in
the city of Tommot the value of the an-
tiatherogenic fraction of lipids - LDLC
is lower than in women in the city of Al-
dan (p<0.000). In addition, in the group
of women in Tommot, activation of ALT,
LDH, and CK enzymes is noticeable.
Indicators of carbohydrate and protein
metabolism: the level of glucose, urea,
uric acid, total protein and albumin were
significantly higher than in women from
Aldan (p<0.05) (Table 3).

The city of Tommot is located 40 km to
the southeast, and the city of Aldan is 50

B Non-smokers

B Smokers

km east of the Elkon uranium ore region.
The population surveyed by us is not
employed directly in mining enterprises,
so the effect of ionizing radiation is indi-
rect. However, annual measurements of
radioactive radiation from drinking water
and indoor air show an unfavorable situa-
tion. In 2021, in 87 samples (20.4%) from

vl YW

underground sources of drinking water
supply in the Aldan region, an excess
of radon content (222Rn) was detected,
and in 46 rooms of public buildings the
value of ERVA of radon exceeded san-
itary standards, the maximum recorded
value of ERVA of 222Rn was 429 + 86
Bq /m3 [1]. At low temperatures in rooms
with thermal insulation and lack of ven-
tilation, the radon concentration reaches
significantly higher values [7,12], and the
cold period in Yakutia lasts 6 months.
Further studies of the health status of the
working contingent of mining enterprises
are needed.

Thus, in the population of the Aldan
region, changes in the biochemical spec-
trum of blood serum indicate the pres-
ence of signs of disadaptation. Changes
in the lipid profile are associated with
gender. Violation of lipid metabolism in
the direction of atherogenicity is signifi-
cantly more common in men due to an
increase in atherogenic fractions of lipids
in the blood, susceptible to peroxidation
and a decrease in the level of HDLC, es-
pecially in smokers. The observed shift

Table 3

Biochemical blood parameters in women in Aldan and Tommot

Women, Mean value (M+m)
Indicator Reference Total Aldan Tommot P
n=107 n=57 n=50
Enzymes
ALT <30 mmol/l 14532092 | 12.61=073 | 16.90£1.73 | 0.026
AST <40 mmol/l | 2929+138 | 27.00£1.03 | 31.62+2.68 | 0.096
AST/ALT 12-16 226007 | 236£0.09 | 2.15:0.11 | 0.160
ALP <258 E/n 133.80£5.29 | 149424754 | 112.92+6.40 | 0.055
GGT f<32.M<50 E/n | 30.13£2.16 | 26.82+2.32 | 33.98+3.77 | 0.099
LDH 225-450 E/n | 343.86£9.04 | 288.1449.16 | 400.028.16 | 0.000
CK <190 E/n 1257321954 | 66365636 | 152.42:9.43 | 0.000
Lipids
Total <5.0 mmol/l 2
ol .0 mmo 5204008 | 5.32+0.13 5.04+0.08 | 0.094
TG <1.7 mmol/l 2.02£0.19 13220.13 237+0.15 | 0.000
Dl 1 =10 mmol 2158005 | 2.14£0.07 | 2.17:0.06 | 0.789
cho%géml <3.0 mmol/l 2224100 | 2.55£0.12 1.85£0.13 | 0.000
Chl’lggeLml <1.5 mmol/l 0.8240.05 0.60+0.06 1.08£0.07 | 0.000
A;};:g’gi‘;f <3.0 1.6040.07 1.6420.105 1.53+0.11 | 0.487
Substrates

Glucose | 33-5.5mmoll | 526£0.10 | 493:0.12 | 5.83:0.17 | 0.000
Urea <8.3 mmol/l 3.97:0.19 | 284014 | 534:028 | 0.000
Creatinine<80.. <97 umol/| 84.554138 | 83.58+1.74 | 85.54£222 | 0.454
Urine acid f'<3izr}ff1'/f488 302.9246.92 | 277.7248.53 | 331.14£9.77 | 0.000
Total protein 65-85 g/l 78.39+0.77 73.60+0.90 83.75+0.77 | 0.000
Albumin 34 48 g/l 45824040 | 43.94£055 | 47.87:042 | 0.000
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of metabolic flows towards catabolism,
activation of glycolysis, dyslipidemia in-
dicate a decrease in the body's adaptive
reserves. Further intensification of en-
richment of uranium ores will increase
the impact of ionizing radiation on the
population, which will require the con-
tinuation of biomedical and environmen-
tal research to prevent environmentally
caused diseases.
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HIV-INFECTION AS A CAUSE OF DISABILITY

OF THE POPULATION

The article presents an analysis of the data of the state statistical reporting on the disability of
the population of the Irkutsk region due to HIV infection and dispensary observation of patients.
Changes in the stages of HIV infection, including the stage of secondary manifestations, are
shown. The median of the average age of patients by disability groups among men and women
was calculated, the structure of the causes of disability was presented. A forecast is given regard-
ing the change in disability groups for 2022. Measures to increase the adherence of citizens with
HIV infection to antiretroviral therapy, the prevention of secondary and opportunistic diseases will

prevent early disability of the population.

Keywords: HIV infection, stages of HIV infection, disability, causes of disability.

Introduction. The HIV pandemic con-
tinues, influencing the main indicators
characterizing the state of public health.
The Health Development Strategy until
2025 defines HIV infection as a “threat
to national security in the field of public
health”. As of December 31, 2021, 0.8%
of the population in the Russian Federa-
tion was living with HIV, including 1.5%
of those aged 1549 years. In 2021, the
Irkutsk region was the leader in terms of
incidence (99.6 versus 47.8 per 100 thou-
sand in the Russian Federation); in terms

of damage, it ranked second after the Ke-
merovo region with an indicator of 2042.5
per 100 thousand (http://www.hivrussia.
info). Currently, HIV infection is classi-
fied as a chronic, treatable infection [7].
Thanks to antiretroviral therapy (ART),
the life expectancy of patients with HIV
infection increases. As a result, the social
significance of HIV infection increases,
including the disability of the population
[6, 8]. General indicators of disability due
to HIV infection in the Irkutsk region were
studied until 2019 [4, 5]. However, given
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the social and economic significance of
HIV infection in modern conditions, there
is a need for further study of the problem.

The purpose of the study: to study var-
ious aspects of the primary disability of
the adult population due to HIV infection
in 2010-2021.

Materials and research methods.
The work used forms No. 7-Sobes, No.
61 for 2010-2021. The analysis of disabil-
ity groups depending on the stage of HIV
infection, the list of secondary diseases,
gender distribution was carried out on the
basis of an electronic database of exam-
ined citizens for 2021 (n=247). Descrip-
tive epidemiology and statistical methods
were used. Spearman's correlation coef-
ficient, x2 were calculated using the Epi-
Info program.

Results and discussion. In 2021,
30,095 HIV-infected patients were reg-
istered in the Irkutsk region, of which
29,781 people (98.9%) were under dis-
pensary observation. For the period
2010-2021 there were changes in the
number of patients according to the stag-
es of the disease. Thus, the number of
persons with stages 2 and 3 of the dis-
ease decreased (x2=42.6 and 7175.2,
respectively, p<0.001); with stage 4, on

the contrary, increased significantly and
amounted to 669.9 per 1000 under ob-
servation (x2=7274.3; p<0.001) (Table
1).

The number of patients with progres-
sive secondary diseases is increasing.
The spectrum and frequency of this pa-
thology is presented in [2]. The fourth
clinical stage of HIV infection - the stage
of secondary manifestations - is classi-
fied depending on the clinical symptoms
and nosologies into stages 4A, 4B, 4C
[1]. The results of the analysis demon-
strate an increase in the share of stage
4A to 55.6% and a decrease in the share
of stage 4B to 27.2% by 2021. The share
of stage 4C at the beginning of the study
period was dynamically decreasing, since
2017 it was at the level of 17.0% ( Fig. 1).
Thus, the proportion of people with pro-
gressive HIV infection is increasing.

The spread of HIV infection in-
evitably affects the disability of the
population - the Spearman correla-
tion coefficient was 0.83 (p<0.05).

The dynamics and structure of disabil-
ity in the population of the Irkutsk region
due to HIV infection have been studied
previously [4,5]. In 2021, according to the
Federal State Institution ITU State Se-

curity for the Irkutsk Region, 247 people
were recognized as disabled due to HIV
infection for the first time, including 166
men (67.2%), 81 women (32.8%). Resi-
dents of urban settlements prevailed, the
share was 86.2%. The median mean age
of men and women was 40 years.

In the structure of primary disability
due to HIV infection, the proportion of
disabled people of group Il significantly
prevailed - 58.3% versus 14.6% (group
1) and 27.1% (group Ill), both among men
and women. In general, the proportion of
disabled people of groups | and Il remains
at a high level [4], which confirms the se-
vere course of the disease. An analysis
of the stages of HIV infection by groups
showed that in disabled people of group
I, stage 4B prevailed, the share of which
was 86.1%, stage 4B in disabled people
of groups Il and Il - 51.7 and 56.1%, re-
spectively. It draws attention to the fact
that in women of Il disability group 4B
stage prevails (56.3%) (Fig. 2).

Thus, there are significant changes in
the structure of disability by groups: the
proportion of disability group | increased
by 1.5 times over the observation period
(9.8% in 2010 versus 14.6% in 2021). If
this trend continues, the proportion of dis-

Table 1

Stages of HIV infection in persons under dispensary observation for 2010-2021 in comparison according to f. Ne61 (per 1000 patients)

2010 2021
Stages of HIV infection was under supervision per 1000 registered was under supervision per 1000 registered X2 p
patients patients
Stage 2 (primary .
manifestations A, B, C) 64 3.8 29 0.9 42.6; p<0.001
Stage 3 (subclinical) 12212 739.5 9801 329.1 7175.2;p<0.001
Stage 4 (secondary .
manifestations A, B, C) 4237 256.6 19951 669.9 7274.3; p<0.001
Total 16513 - 29781 -

Table 2

Structure of primary disability depending on sex and age in the Irkutsk region in 2021 (absolute number / %)

men women total
age groups (absg.rti)l?rlr)l%er) groups (%) (absg.rnol;lrrr)l?)er) groups (%) (abg.rl?lllrlrjlier) groups (%)

I 1I 11 I 1I 11 I 11 11 I 11 I I 11 I I 1T 11

up to 29 1 5 1 43 | 53 | 2.1 1 3 7.7 | 6.3 8 1 56 | 56 | 1.5
30-34 1 14 5 43 | 146 | 106 | 4 8 5 308167250 5 22 10 | 13.9 | 153 | 149
35-39 9 23 18 [39.1|24.0|383| 4 8 5 1308167250 13 31 23 | 36.1 | 21.5| 343
40-44 4 33 16 | 17.4 344|340 | 4 16 6 |30.8]332]300| 8 49 22 | 222 | 34.0] 32.8
45-49 4 18 4 17.4 | 18.8 | 8.5 8 3 16.7 | 150 | 4 26 7 11.1 ] 18.1 | 10.4
50-54 1 3 1 43 | 3.1 | 2.1 2 1 42 | 5.0 1 5 2 2.8 | 3.5 | 3.0
55-59 2 2 8.7 4.3 2 4.2 2 2 2 56 | 14 | 3.0

60+ 1 43 1 2.1 1 1 0 2.8 | 0.7

total 23 96 47 | 139 | 57.6 | 285 | 13 48 20 | 16.0 | 59.3 | 247 | 36 | 144 | 67 | 14.6 | 583 | 27.1
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Fig. 1. Structure of the 4th stage of HIV infection depending on

secondary manifestations in 2010-2021 (%)

ability group | is expected to increase in
2022 to 15.5+2.2%.

Persons of working age predominate
in the age structure among men and
women (Table 2). The median average
age for disability groups (I, Il, IIl) for men
was: 40; 41 and 39 years old; in women -
37;40.5 and 39.5 years respectively.

The progression of HIV infection, the
development of secondary and concomi-
tant diseases is determined by a number
of factors, including the presence or ab-
sence of ART. UNAIDS, one of the main
directions in the fight against HIV infec-
tion, has set goals according to which by
2030 95% of people living with HIV/AIDS
(PLWHA) should have information about
their HIV status, 95% of them should have
access to ART and 95% should achieve
viral load suppression. Today it is con-
sidered a proven fact that ART improves
the quality of life and increases the life
expectancy of patients, which, according
to various authors, can be the same as in
the general population (without HIV infec-
tion) [6]. An important aspect of achieving
these goals is adherence to ART [3].

According to the study, during the
observation period in the Irkutsk region,
the number of people receiving ARVT in-
creased by 4.6 times, in 2021 the thera-
py coverage rate was 82.2%. However,
among persons recognized as disabled,
the proportion of patients in the remission
phase slightly exceeded the proportion of
persons in the progression phase: 56.5%
versus 43.5%, and 72.1% of patients
were in the progression phase while tak-
ing antiretroviral drugs.

In the structure of conditions associ-
ated with HIV infection, in accordance
with ICD-10, in persons recognized as
disabled for the first time, the propor-
tion of infectious and parasitic diseases

o

Al

prevailed (B20, including B20.0-B20.9)
- 83.4 %. Among which, the share of my-
cobacterial infection (B20.0) accounted
for 52.0%; HIV with manifestations of
multiple infections (B20.7) - 32.8%. The
proportion of people with disabilities due
to HIV with manifestations of encepha-
lopathy (B22) was 8.1%; HIV, manifested
as malignant neoplasms (B21) - 4.0%.

Conclusion. In the context of the con-
tinuing growth of the primary incidence
and prevalence of HIV infection, there
is an increase in the number of patients
in the stage of secondary diseases with
irreversible health problems. Among the
secondary diseases that have served as
the causes of disability, infectious and
parasitic diseases, mainly tuberculosis,
are in the lead. These changes occur
against the backdrop of an increase in
ART coverage.

Thus, in order to increase the effec-
tiveness of existing national and regional
programs for the prevention of HIV in-
fection, it is necessary to strengthen the
work on: 1) the formation of patients' ad-
herence to dispensary observation and
ART, the achievement of the designat-
ed indicators for this criterion; 2) timely
prevention and treatment of secondary,
opportunistic and concomitant diseases,
which will prevent early disability, includ-
ing patients of working age.
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PERIPHERAL BLOOD CELLULAR IMMUNITY
PARAMETERS IN COVID-19

This article carried material about the results of the investigation of peripheral blood cellular immunity parameters in the COVID-19 patients with
<30% lung damage hospitalizated in 2020 year. When infected with SARS-CoV-2 on the background of severe lymphopenia and neutrophilia were
revealed the multidirectional changing in a cellular immunity parameters, the severity and dynamics of which can be determined by the initial type

of immune system response.

Keywords: COVID-19; new coronavirus infection; immune state, cellular immunity, lymphocytes, SARS—CoV-2.

Introduction. From the very beginning
of the COVID-19 pandemic since April
2020, it has been noted that the infec-
tion manifests itself in people in different
ways: from a simple infection without clin-
ical manifestations to a severe condition
with damage to various organs, primarily
the lungs. Progressive lung damage was
most often the cause of death of patients.
Persons over 65 years of age and those
with chronic diseases are most suscepti-
ble to severe course [7,11,12]. Lympho-
cytes and their subpopulation structure
play an important role in antiviral immune
protection [4]. Viral infections lead to
dysregulation of the main subpopula-
tions of lymphocytes (T-, B- and natural
killer (NK) cells ) involved in the humoral
and cytotoxic antiviral immune response
[6,8]. Studies conducted during 2020
have shown that SARS-CoV-2 has a
unique pathological effect on the immune
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system compared to other coronaviruses
[5,10]. A typical characteristic of SARS-
CoV-2 infection is a sharp decrease in
the level of lymphocytes, shifts in the
T-cell link of immunity, including a de-
crease in the absolute number of CD3+-,
CD4+- and CD8+-T-lymphocytes. The
severity of changes in the T-cell link of
immunity directly depends on the severity
of the course of coronavirus infection. It is
important to note that the success of the
human body's response to SARS-CoV-2
infection, as well as the success of vac-
cination, largely depends on the state of
the immune system [1,2,3]. The study of
the development of the response of the
immune system of a macroorganism to
infection with the SARS-CoV-2 virus is
an important factor both for understand-
ing the pathogenesis of the disease and
for developing therapeutic strategies and
preventing the development of severe
conditions caused by COVID-19.

The aim of the study was to identify
the characteristics of the cellular immuni-
ty in patients with COVID-19.

Material and methods. This study
was conducted as part of the implemen-
tation of NIOKTR Ne121051700033-3
"Lung lesion of infectious etiology. Im-
provement of methods of detection, di-
agnosis and treatment". The study group
consisted of 31 people in the initial pe-
riod of the COVID-19 pandemic of the
2020 year, the comparison group con-
sisted of 42 people who were not infect-
ed with SARS-CoV-2. The study group
at the time of admission to the hospital
had positive results of a PCR test for
SARS-CoV-2, changes on a computed
tomogram (CT)<30%, blood oxygen sat-
uration >95%, antibacterial and hormonal
drugs were not taken before hospitaliza-
tion. The comparison group was of the
appropriate gender and age structure,
practically healthy, with negative levels
of antibodies to the SARS-CoV-2 virus at
the time of examination. The examination
of the groups included an assessment of

anamnesis, complaints, CT of the chest
organs, PCR testing for SARS-CoV-2 in-
fection.

The survey data were entered into a
standardized questionnaire. All patients
underwent a general clinical examination
of peripheral blood (PB) using the Medo-
nic M20 hematological analyzer (Boule
Medical, Sweden), including determi-
nation of the absolute number of leuko-
cytes, platelets and platelet parameters
MPV (average platelet volume), PDW
(platelet distribution width by volume)
and P-LCR (large platelet ratio), lympho-
cytes, microscopic determination of the
leukocyte formula. The percentage and
absolute content of T-lymphocyte sub-
populations (CD3+, CD3+CD4+-T-help-
er cells, cytotoxic CD3+CD8+-T-lym-
phocytes, CD3+16+-T-lymphocytes,
CD3+56+-T-lymphocytes, CD3+H-
LA-DR+), NK subpopulations were de-
termined-cells (CD16+56+, CD3-CD8+),
B-lymphocytes (CD19+), HLA-DR+-lym-
phocytes and CD95+-lymphocytes in
PB by flow cytofluorimetry using a FACS
Calibur cytometer (BD, USA) and mono-
clonal antibodies labeled with FITC and
phycoerythrin (Sorbent, Russia).

The leukocyte shift index (LSI) accord-
ing to N.l.Yabuchinsky was determined
by the ratio of the number of granulo-
cytes (neutrophils, eosinophils and baso-
phils) to agranulocytes (lymphocytes and
monocytes). The leukocyte-T-cell index
(LTI) according to A.M.Zemskov was de-
termined by the ratio of the absolute num-
ber of leukocytes to that of CD3+-T-lym-
phocytes. The immunoregulatory index
(IRI) was determined by the ratio of the
percentage of CD3+CD4+ lymphocytes
to the percentage of CD3+CD8+ lym-
phocytes. To clarify the etiology of clinical
manifestations, the levels of IgG anti-
bodies (At) to the recombinant structur-
al protein S1 of the SARS-CoV-2 virus
spike in serum were determined using a
semi-quantitative enzyme immunoassay
system (EIAS) (EUROIMMUN AG, Ger-
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many), the levels of IgM—-At and IgG-At
to the recombinant SARS-CoV protein-2
— using high-quality EIAS (Vector-Best,
Russia).

Statistical processing was carried out
using Software SPSS 22.0 (SPSS Inc.).
Median (Me), 25th (Q1-quartile) and 75th
(Q3-quartile) percentiles, Mann—Whitney
rank criterion, Pearson's criterion x2 were
used. The significance level (p) was tak-
en < 0,05.

Results. In the group of patients with
COVID-19, 66% of women, 34% of men.
The average age is 50,8+15,4 years. In
most cases, the average group indicators
of the number of white cells and platelets
in patients with COVID-19 do not exceed
the reference values (Table 1).

In the group of patients with COVID-19,
the lymphocytes level was on average
lower than in the comparison group, both
percentage (by 23%) and absolute (by
26,3%) (Table 1). Severe lymphopenia
(<1,1+10° cells/l) was in 34,4%. With a
higher neutrophil level (by 17,3%), there
is also a 1,5-fold increased LSI relative
to the comparison group. 67,7% (n=21)
showed marked rearrangements in the
population structure of white PB cells,
among which 57% (n=12) showed an in-
crease in LS| values due to lymphopenia
on the background of neutrophilia (Table
1). Microscopic examination of blood
smears in patients with COVID-19, the
percentage of atypical neutrophils varied
from 1 to 16% (on average 8%), atypical
lymphocytes — from 2 to 15% (on average
4,1%). No atypical forms were observed
in the comparison group.

When assessing the cellular link of im-
munity, the indicators of T- and B-lympho-
cytes (CD3+, CD3+CD4+-, CD3+CD8+-,
CD16+CD56+-, HLA-DR+- and CD3+H-
LA-DR+-) in most cases do not go be-
yond the reference values. In patients
with COVID-19, relative to the compari-
son group, against the background of a
decrease in the average group absolute
level of CD3+-lymphocytes by 30,8%,
there is an increase in LTI by 20%, sig-
nificantly lower average group values
of the absolute level of the studied sub-
populations of T- and NK-cells (Table
2). Despite the fact that the average
group percentage of CD3+CD4+- and
CD3+CD8+-lymphocytes in patients with
COVID-19 and in healthy donors did not
differ significantly, the analysis of individ-
ual immunograms indicates the variabil-
ity of these lymphocytic parameters. In
the COVID-19 group, cases of reduced
CD4+-T lymphocytes (<35%) were 1,5
times more common (35,5% (n=11) vs
26,2% (n=11) in the comparison group.
Elevated levels of CD19+-B lymphocytes

Table 1

Blood cells counts of patients with COVID-19 (study group) and healthy donors
(comparison group)

Parameter Com;z?lri:szg)g roup Su(ls }; g3r10 )up »
o ve | oo | we | oo
Leucocytes, *10° cells/l [4 — 9] 6 5-7.8 6 5-17.8 0.5
Lymphocytes, % [20 — 50] 35.1 28.1-43.6 27 12.5-34 | 0.003
Lymphocytes, *10° cells/l [1,13 — 2] 1.9 1.6-2.4 1.4 09-19 | 0.001
Platellet, «10° cells/1 [180 — 320] 222 165-2482 | 204 | 173-298 | 0.6
MPV, fl. [9,4 — 12,4] 8.8 8-94 8.6 8-93 0.9
PDW, fl. [10 — 20] 12 11-13 12.1 | 11.2-12.8| 0.9
PLCR, % [13 —43] 19.1 14.6-243 |19.75]|156-23.7| 0.8
Neutrophils, % [48,5 — 84] 56 49.2-652 | 65.7 |58.3-81.4| 0.004
Monocytes, % [3 — 11] 7.7 6.6 —8.75 7.2 44-9 0.3
LSI, unit [1,46 — 2,36] 1.26 095-1.9 1.9 14-4 0.001

Table 2

Cellular immunity parameters of patients with COVID-19 (study group)
and healthy donors (comparison group)

Parameter Com}zillri:scé)‘g )group Stl(lril); g3rlo)up

: p
[reforonce vahues] Me | Q1-Q3 | Me | QI-Q3
CD3, % [61-85] 71 64.5-175 70 | 60.5—76 0.5
CD3, «10° cells/1 [0,94-2,1] 1.3 1-1.67 0.9 0.5 -14 | 0.001
CD3+CD4+,% [35-55] 40.9 32.5-46.3 39 30.3-453 0.4
CD3+CD4+,°10° cells/1 [0,58-1,3] 0.77 0.56-0.9 0.5 0.3-0.9 | 0.009
CD3+CD8+,% [19-35] 23.15 17 -34.1 234 (173-312| 0.7
CD3+CD8+,°10° cells/1 [0,37-1] 0.375 0.3-0.7 0.35 | 0.17-0.48 | 0.02
CD3-CD8+,% 4.2 3-6.8 575 | 28—-11.1 | 0.14
CD3-CD8+,10° cells/I 0.09 0.06 -0.14 0.07 | 0.03-0.1 | 0.13
CD16+CD56+,% [10-23] 1025 | 7.4-14.25 9.4 5.1-144 0.4
CD16+CD56+,210° cells/1[0,13-0,5] 0.17 0.14-0.24 0.12 | 0.06 —0.19 | 0.009
CD3+CD16+,% [5-8] 3.2 2-5 3 1.6-9.6 0.8
CD3+CD56+,% [5-8] 7 3.7-129 5.7 4-84 0.3
CDI19+,% [7-17] 8 6-11.3 9 6.2-13.6 | 0.26
CD19+, <107 cells/1 [0,1-0,38] 0.15 0.1-0.23 0.13 | 0.07- 0.2 | 0.12
CD3+HLA-DR+, % [1-6] 7 5-11.3 10 7.4-14.8 | 0.025
HLA-DR+,% [7-20] 18.8 | 15.35- 223 [21.55| 17-27.2 0.1
CD95+,% [5-43] 9.3 4.3-33.45 29.6 | 13-39.75 | 0.05
LTI, unit [4-7] 4.5 33-5 54 | 42-14.1 | 0.002
IRI, unit [1,5-2,6] 1.7 1-2.6 1.9 0.9- 2.5 0.81
(>17%) are 2,6 times more common in and CD3+CD56+-lymphocytes  and

the comparison group (Table 2).

When studying the NK-cell system, the
average group of the absolute number
of CD16+CD56+ lymphocytes is 29,4%
lower than the comparison group and in
50% of cases lower than the reference
value — 0,13+10° cells/l (Table 2). On av-
erage, there were no significant chang-
es in the % level of both CD3+CD16+-

CD3-CD8+-lymphocytes in the group of
patients with COVID-19 relative to the
comparison group (Table 2). However, a
comparative analysis of the distribution
of these subpopulations of lymphocytes
showed elevated levels of CD3+CD16+-
and CD3-CD8+ - lymphocytes (> 8%) are
noted 2 times more often.

In patients with COVID-19, an in-



creased (>20%) level of HLA-DR+ lym-
phocytes was observed in 60% (n=18) vs
33,3% (n=14) of the comparison group
(x2 = 5, p=0,03). An increased (>6%)
level of CD3+HLA-DR+ lymphocytes was
observed in 86,7% (n=36) patients vs
58,3% (n=18) of the comparison group.
There was an increase in the CD95+
lymphocyte level by 3,2 times on average
in the group of patients with COVID-19
relative to the comparison group (p=0,05)
(Table 2).

Conclusion. Against the background
of severe lymphopenia and neutrophilia
during infection with SARS-CoV-2, multi-
directional changes in the studied indica-
tors of cellular immunity were revealed,
including a decrease in the absolute level
of CD3+-, CD3+CD4+-, CD3+CD8+ —
and CD16+CD56+-lymphocytes; an in-
crease in the % level of CD3+HLA-DR+
and CD95+ lymphocytes, the severity
and dynamics of which can be deter-
mined by the initial type of immune sys-
tem response. It is promising to study the
initial "immunological passport" of a per-
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son to identify personal predictors of the
course of the disease when infected with
coronavirus infection.
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EXCESS MORTALITY IN THE REPUBLIC
OF SAKHA (YAKUTIA) DURING
THE COVID-19 PANDEMIC (2020-2021)

Excess mortality is defined as an increase in all-cause mortality over expected mortality (his-

torical baseline for previous years). In the context of COVID-19, excess mortality may reflect the
overall impact of the pandemic on mortality, including not only the number of confirmed deaths
from COVID-19, but also deaths from COVID-19 when they were not correctly diagnosed and
reported, and deaths from other diseases due to pandemic-related causes.

The purpose of the study: to assess the indicators of excess mortality during the COVID-19
pandemic (2020-2021) in the Republic of Sakha (Yakutia). For the analysis, data from the Fed-
eral State Statistics Service for 2015-2022 were used. For 2 years of the spread of a new coro-
navirus infection in the Republic of Sakha (Yakutia), 19556 people died. 7.8% of deaths in 2020
and 21.5% in 2021 were related to COVID-19. The number of all deaths was 22% and 44%
respectively higher than the expected number of deaths. The proportion of excess deaths in 2020
was 19% of all deaths, in 2021 - 31%. Of the excess deaths, 42% and 69%, respectively, were
related to COVID-19. The excess mortality rate reached 333 per 100,000 population in 2021.
The high correlation coefficients (0.94-0.95) between COVID-19-related deaths and additional
deaths suggest that excess deaths during the period 2020-2021 will largely be due to the spread
of COVID-19.

The decline in mortality underreporting in 2021 against the background of an increase in
excess mortality reflects improved diagnosis and correct identification of the causes of death.
Research into the causes of excess mortality is needed to assess the impact of the pandemic
and other factors on various aspects of mortality in the population.

Keywords: new coronavirus infection, COVID-19, pandemic, excess mortality, Republic of
Sakha (Yakutia).

Introduction. Excess mortality is de-
fined as an increase in all-cause mortality
over expected mortality (historical base-
line for previous years). The increase in
mortality is associated with the emer-
gence of some new factors, emergen-

cies that affect the health of the popula-
tion. In the context of COVID-19, excess
mortality may reflect the overall impact
of the pandemic on mortality, including
not only the number of confirmed deaths
from COVID-19, but also deaths from
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Number of deaths from various causes in 2020-2021 compared to expected (Rosstat)

Table 1

2020 2021
Causes of death Expected * official increase 0// decrease official increase 0// decrease
0 0
all causes 7340 8956 22.0 10600 44.4
diseases of the circulatory system 3344 3956 18.3 4003 19.7
neoplasms 1396 1286 -7.9 1241 -11.1
external causes 1011 1206 19.3 1098 8.6
respiratory diseases 321 400 24.6 466 45.2
diseases of the digestive system 376 437 16.0 428 13.8

Note: *-calculated based on 2015-2019 years (linear regression).

COVID-19 when they were not correctly
diagnosed and reported, and deaths from
other diseases due to pandemic-related
causes. For example, due to a decrease
in the availability and quality of medical
care, the impact of stressful factors, the
influence of other conditions during the
spread of the infection [2, 5, 6].

Karlinsky A. and Kobak D., creators
of the World Mortality Dataset data-
base, based on data on deaths from all
causes in 103 countries, showed that in
some countries (Peru, Ecuador, Boliv-
ia, Mexico), excess mortality during the
COVID-19 pandemic exceeded 50%
expected annual mortality. While in oth-
er countries (Australia, New Zealand),
mortality during the pandemic was be-
low normal levels, which may be due to
social distancing measures that reduce
infectious mortality not associated with
COVID-19 [6]. Accounting for COVID-19
deaths is affected by: COVID-19 death
case definition, availability of testing, and
fairness of reporting.

In this regard, it is of interest to study
excess mortality during this period in a
region located on a vast territory, where
transport distance from the center affects
the availability of medical care.

The purpose of the study: to assess
the indicators of excess mortality during
the COVID-19 pandemic (2020-2021) in
the Republic of Sakha (Yakutia).

Materials and methods. For the anal-
ysis, data from the Federal State Statis-
tics Service for 2015-2022 were used.
[3]. The expected number of deaths for
each month of 2020 was calculated using
linear regression analysis in IBM SPSS
Statistics 26 based on monthly mortali-
ty data in 2015-2019. Further, using the
actual data of 2020, the excess mortality
for the month was calculated as the dif-
ference between the observed number of
deaths and the predicted value. The final

Table 2

Number of deaths associated with COVID-19 (Rosstat)

COVID-19 — main cause of death gg;g(]))f' ég;&?gflﬁlea?g;g
Period a significant impact on
total | virus identified |virus not identified C()trl:lepfdii;/fil(?rll)g;ntth(e)fdﬂ?eﬂse
2020
March 0 0
April 0 0
May 7 7 0 0
June 26 24 2 0
July 47 42 5 0
August 35 31 4 0
September 58 53 5 6
October 98 93 5 9
November 223 206 17 8
December 179 170 9 5
Total in 2020 | 673 626 47 28
2021
January 83 81 2 7
February 57 56 1 11
March 44 40 4 0
April 41 38 3 7
May 90 86 4 3
June 158 156 2 6
July 151 150 1 7
August 190 186 4 9
September 278 269 9 4
October 418 411 7 20
November 439 430 9 18
December 231 223 8 7
Total in 2021 | 2180 2126 54 929
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estimate of excess mortality for the year
was determined as the sum of excess
mortality for all months, starting from
March 2020. This approach, according to
the researchers, considers both season-
al fluctuations in mortality and the annu-
al trend, and is not inferior in efficiency
to more complex methods [6]. To avoid
further extrapolation, the same expected
mortality rate was taken for 2021.

COVID-19-related deaths included
cases where COVID-19 was the primary
cause (regardless of virus identification),
as well as cases where COVID-19 was
not the primary cause of death but had
a significant impact on the development
of deaths. complications of the disease.

The ratio of the number of excess
deaths in the study period to the num-
ber of registered deaths associated with
COVID-19 in the same period was used
as the death underreporting coefficient.
This index is called by Russian research-
ers the “Covid mortality multiplier” in view
of the fact that the increase in mortality
during this period is due not only to mor-
tality from COVID-19, but also to mortal-
ity associated with the overload of the
medical care system and the stress ex-
perienced by the population [2].

Results and discussion. Excess
mortality during the pandemic includes
direct COVID-19 deaths and non-
COVID-19 indirect deaths. The causes
of non-COVID-19 deaths are diverse and
include behavioral factors, changes in the
healthcare delivery system, the negative
effects of social restrictions, economic
factors, and others [5]. For example, this
can be a change in behavior regarding

seeking medical care in cases of occur-
rence or exacerbation of diseases due to
the risk of contracting COVID-19, priori-
tizing cases of COVID-19 in the provision
of care by reducing services for people
with chronic noncommunicable diseases,
and others. WHO, in a survey conduct-
ed in 155 countries, showed that 42% of
the countries surveyed have partially or
completely discontinued services for the
treatment of cancer, 49% for the treat-
ment of diabetes and its complications,
31% for urgent cardiovascular diseases.
This indicates that the impact of the pan-
demic on the healthcare system is global
[8]. According to the researchers, excess
mortality during the COVID-19 pandemic
may reflect the following causes of death:
deaths directly caused by COVID-19 in-
fection; deaths caused by the collapse
of the healthcare system due to the pan-
demic; excess mortality from other natu-
ral causes; excess mortality from external
causes; excess mortality from extreme
events (wars, natural disasters, etc.) [5].
Retrospective analysis of the situation
in the RS(Y) in 2020-2021 showed that
during the summer periods in the repub-
lic there were a series of forest fires that
caused air pollution by combustion prod-
ucts. For example, according to IQAiIr, as
of August 12, 2021, the content of PM2.5
particles in the air was 2473 pyg/m3, while
the WHO recommended rate is 25 ug/
m3. Long-term exposure to PM2.5 has
been associated with an increased long-
term risk of cardiopulmonary mortality,
according to studies in various countries.
Particularly vulnerable groups are people
with lung or heart disease, the elderly,

and children [7, 9].

For the period 2015-2019. in the Re-
public of Sakha (Yakutia), as in the whole
of the Russian Federation, there was a
downward trend in mortality. Thus, the in-
dicators of general mortality in the repub-
lic over this period decreased from 8.5 to
7.8 per 1000 population (in the Russian
Federation from 13.1 to 12.5, respective-
ly).

Since the beginning of the pandem-
ic of a new coronavirus infection, the
situation has changed dramatically. In
2020, 8956 people died in the Republic
of Sakha (Yakutia), which is 22% high-
er than the expected number of deaths
(Table 1). The overall mortality rate was
9.2 per 1000 population. A pronounced
increase in mortality has been observed
since July 2020. During the year, the
number of deaths from diseases of the
circulatory system (by 18%), respirato-
ry diseases (by 25%), diseases of the
digestive system (by 16%) and external
causes (by 19%) increased significantly
against the background of a decrease in
deaths from neoplasms (- eight%). Simi-
lar trends were noted in other regions of
the Russian Federation [1].

In 2021, 10,600 people died, which
is 44% more than the expected number
of deaths. The overall mortality rate was
10.8 per 1000 population. The largest
number of deaths occurred in Septem-
ber-November 2021. The number of
deaths from diseases of the circulatory
system for the year was 20% more than
expected, from diseases of the respirato-
ry system - by 45%, from diseases of the
digestive system - by 14%, from external

Table 3

Excess mortality in the Republic of Sakha (Yakutia) in 2020-2021

. Mortality 2020 Mortality 2021
Period |Expected *
factual | excess |related to COVID-19** | undercount | factual | excess | related to COVID-19** | undercount
January 698 678 -20 0 - 816 118 90 1.3
February 589 593 4 0 - 726 137 68 2.0
March 590 573 -17 0 - 804 214 44 4.9
April 584 594 10 0 - 657 73 48 1.5
May 730 735 5 7 0.7 702 -28 93 -0.3
June 541 508 -33 26 -1.3 831 290 164 1.8
July 661 803 142 47 3.0 835 174 158 1.1
August 632 748 116 35 33 890 258 199 1.3
September 592 860 269 64 4.2 1011 420 282 1.5
October 636 876 240 107 2.2 1190 554 438 1.3
November 548 1010 462 231 2.0 1206 658 457 1.4
December 539 978 439 184 2.4 932 393 238 1.7
Total 7340 8956 1682 701 2.4 10600 3288 2279 1.4

Note: *-calculated based on 2015-2019 data; ** - mortality associated with COVID-19 (the main cause of COVID-19, or COVID-19 is not the
main cause of death but had a significant impact on the development of fatal complications of the disease).
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causes by 8.6%, respectively. The num-
ber of deaths from neoplasms decreased
by 11% compared to expected.

The increase in mortality from diseas-
es of the circulatory system, respiratory
diseases, and digestive diseases prob-
ably reflects both the unaccounted-for
mortality from COVID-19 and the high
vulnerability of people with chronic dis-
eases in a pandemic. Analysis of the
causes of deaths from external causes
requires a separate study.

In 2020, 673 people died from
COVID-19, in 47 (7%) deaths from
COVID-19 the virus was not identi-
fied (Table 2). In 28 of the deceased,
COVID-19 was not the main cause of
death but had a significant impact on the
development of fatal complications of the
disease. Thus, according to official sta-
tistics from Rosstat, in 2020, 7.8% (701)
of deaths in the republic were associated
with a new coronavirus infection, includ-
ing 7.5% (673) of cases, COVID-19 was
the main cause of death. In 0.3% (28) of
deaths, COVID-19 had a significant im-
pact on the development of fatal compli-
cations of the disease. When calculating
the intensive indicator, the mortality rate
associated with COVID-19 was 71.8 per
100,000 population.

In 2021, 2180 people died from
COVID-19, in 54 (2.5%) cases the vi-
rus was not identified (Table 2). In the
deaths of 99 people, COVID-19 was not
the main cause of death but had a signif-
icant impact on the development of fatal
complications of the disease. Thus, in
2021, 21.5% (2279) of deaths were relat-
ed to COVID-19, of which 20.6% (2180)
of cases had COVID-19 as the leading
cause of death. In 0.9% (99) of cases,
COVID-19 had a significant impact on the
development of fatal complications of the
disease. The death rate associated with
COVID-19 was 230.9 per 100,000 popu-
lation in 2021.

During the 2 years of the pandemic
in the republic, the death of 2980 people
was associated with COVID-19. In 2021,
3.25 times more people died from this
cause than in 2020, which is associated
with a more severe course of the infec-
tion, with the delta variant of the virus
prevailing in this year.

Comparison of the actual number of
deaths with expected levels separately
by months showed that since July 2020,
excess mortality rates have increased
sharply, in just 1682 more people died
than expected (Table 3). The excess
mortality rate was 172 per 100,000 pop-
ulation. Its share in the structure of total
mortality was 18.8%. If all deaths report-
ed as related to COVID-19 are consid-

ered, then 42% of excess deaths were
due to this cause. The number of deaths
associated with COVID-19 was posi-
tively correlated with the excess mortal-
ity rate, Pearson's correlation coefficient
was 0.94, p<0.001. The undercount rate
in September 2020 was 4.2. In general,
for the period March-December, the un-
derestimation rate was 2.4. As shown
in studies, underreporting values above
1.0 are mainly due to underreporting of
deaths from COVID-19 infection [6].

In 2021, excess mortality was 3288
cases (31% in the structure of total mor-
tality), i.e. 333 per 100,000 population.
69% of them were related to COVID-19.
Based on an analysis of all-cause mor-
tality reports from 74 countries over the
same period (January 1, 2020 to Decem-
ber 31, 2021), the global excess death
rate was 120.3 deaths (113.1-129.3) per
100,000 population. In 21 countries, it ex-
ceeded 300 deaths per 100,000 popula-
tion [4]. According to researchers, excess
mortality during an epidemic outbreak
can be considered as an indicator of mor-
tality from COVID-19 [5].

The correlation coefficient between
the number of deaths associated with
COVID-19 and excess mortality in the
republic was 0.95, p<0.001. The under-
estimation rate was the highest in March
(4.9), for the period January-December
2021 it was 1.4.

In general, for 2020-2021. in the Re-
public of Sakha (Yakutia) 19556 people
died, of which 4970 cases were classified
as excess mortality. The number of ex-
cess deaths in 2021 was 1.95 times the
number in 2020.

According to Goroshko N.V. with
co-authors in 2020, excess mortality was
observed in 82 out of 85 subjects of the
Russian Federation. The increase in the
number of deaths in 2020 amounted to
288.0 thousand people compared to the
average number of deaths in 2015-2019.
When compared with the data of 2019 -
340.3 people [1].

Conclusion. Thus, over 2 years of
the spread of a new coronavirus infection
(2020-2021) in the Republic of Sakha
(Yakutia), 19556 people died. 7.8% of
deaths in 2020 and 21.5% in 2021 were
related to COVID-19. The number of
all deaths was 22% and 44% respec-
tively higher than the expected num-
ber of deaths. The proportion of excess
deaths in 2020 was 19% of all deaths, in
2021 - 31%. Of the excess deaths, 42%
and 69%, respectively, were related to
COVID-19. Therefore, the causes of the
1990 excess deaths need to be clari-
fied. The excess mortality rate reached
333 per 100,000 population in 2021. The

high correlation coefficients (0.94-0.95)
between COVID-19-related deaths and
additional deaths suggest that excess
deaths during the period 2020-2021 will
largely be due to the spread of COVID-19.
The decline in mortality underreporting
in 2021 against the background of an
increase in excess mortality reflects im-
proved diagnosis and correct identifica-
tion of the causes of death. Research into
the causes of excess mortality is needed
to assess the impact of the pandemic and
other factors on various aspects of mor-
tality in the republic's population.
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THE INFLUENCE OF HERPES FAMILY
VIRUSES ON THE COURSE OF NOVEL
CORONAVIRUS INFECTION

We have analyzed the impact of herpes virus infection on the course of a new coronavirus infection (NCVI). Infection of the examined contingent
with herpes family viruses reached 95.3-100%. An association of NCVI with herpes simplex viruses 1, 2 types (HSV 1, 2 types) was found, but no
correlation was found between the positivity coefficient (CP) of HSV 1, type 2 and the severity of NCVI. This can be explained by the fact that the
sampling was carried out in the remote period after the transferred NKVI. Considering that both herpes viruses and the SARS-CoV-2 virus cause
multiple organ damage and can aggravate each other, the study of co-infection seems to be very relevant.

Keywords: viruses of the herpes family (Herpes viridae), herpes simplex virus 1, 2 types (HSV types 1,2), cytomegalovirus (CMV), Epstein-Barr

virus (EBV), new coronavirus infection (NCVI).

Introduction. Among the viruses of
the herpes family, 8 of the most common
are distinguished: herpes simplex virus
types 1 and 2 (HSV-1 and HSV-2); shin-
gles virus, or human herpesvirus type 3
(HHV-3); human herpes virus type 4, or
Epstein-Barr virus (EBV); human herpes
virus type 5, or cytomegalovirus (CMV);
human herpes viruses type 6 and 7
(HHV-6 and HHV-7); and herpes virus
type 8 or Kaposi's sarcoma-associated
virus (HHV-8). The presence of herpes
virus infection is a marker of immunode-
ficiency [1].

HSV-1 and HSV-2 are widespread
human pathogens with worldwide preva-
lence rates of about 67% and 13%, re-
spectively [20]. Diseases caused by HSV
types 1, 2, including labial / nasal herpes,
genital herpes, herpetic stromal keratitis,
herpetic eczema, disseminated disease
in newborns, meningitis and herpes sim-
plex encephalitis. There is evidence that
there is a direct link between the occur-
rence of HSV type 1 and type 2 infection
and neurodegenerative diseases. [8, 23,
29, 32, 33].

Human cytomegalovirus (CMV) is
widespread and affects 40—100% of the
population worldwide [5]. Most infected
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people remain asymptomatic due to a
rapid immune response [18]. Primary in-
fection or reactivation viral can cause se-
vere multiple organ damage in the pres-
ence of immunodeficiency [15].

More than 90% of the adult popula-
tion is latently infected with oncogenic
EBV[17, 26]. Chronic or recurrent EBV
infection of epithelial cells is associated
with systemic lupus erythematosus and
Sjogren's syndrome. Chronic/recurrent
infection of B cells is associated with
rheumatoid arthritis, multiple sclerosis,
and other diseases [22].

Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is a highly
contagious and virulent virus, an inflam-
matory respiratory disease called novel
coronavirus infection (NCVI, COVID-19),
that is having a global impact on the
global public health system[30]. Ac-
cording to WHO data, as of October 7,
2022, there were 617,597,680 confirmed
cases of COVID-19 in the world, includ-
ing 6,532,705 deaths [34]. Possible
SARS-CoV-2-associated neurological
diseases have been described: Guil-
lain-Bare syndrome [13], encephalomy-
elitis [27], myalgia, and damage to the
neuromuscular synapse [27].

The COVID-19 pandemic has caused
numerous adverse consequences for
people with neurological disorders and
neurodegenerative diseases [25], such
as Parkinson's disease, Alzheimer's dis-
ease, multiple sclerosis [2, 3, 6, 10, 12,
28].

Since reactivation of varicella-zoster
virus, EBV, and CMV has already been
reported in patients with COVID-19 [7,
14, 16, 19, 21], of particular interest is the
study of the interaction of herpes fami-
ly viruses and SARS-CoV-2 in terms of
studying a possible mutually reinforcing
pathogenic influence.

Purpose of the study: to assess the
relationship between the carriage of her-
pes family viruses and a new coronavirus
infection.

Tasks:

1. Analyze the carriage of herpesvirus
infection in the examined contingent

2. To assess the degree of mutual in-
fluence of pathogens of herpesvirus in-
fection and a new coronavirus infection in
patients with confirmed COVID-19

Materials and methods. The object
of the study were 175 people working
and living in the cities Aldan and Tommot
of the Aldan region, of which 66 (37.7%)
men and 109 (62.3%) women. The study
program for the adult population included
the following sections: informed consent
of the respondent to conduct research;
blood donation (according to the proto-
col of the Ethics Committee of the YSC
CMP); questionnaire survey to assess the
objective state; blood sampling from the
cubital vein in the morning on an empty
stomach after a 12-hour abstinence from
food for an immunological study.

The study protocol was approved
at a meeting of the local committee on
biomedical ethics of the Federal State
Budgetary Scientific Institution "Yakutsk
Scientific Center for Complex Medical
Problems" (Minutes No. 56 dated March
10, 2022, decision No. 3).

The subjects were divided into two
groups: group 1 (main) consisted of 132
people (132/175, 75.5%) who had under-
gone NCVI of varying severity (the sever-
ity was assessed on a specially devel-
oped scale; the form of the disease was
taken into account according to hospital
discharges and outpatient cards); group
2 (control) included 43 people (43/175,
24.5%) without a history of NCVI. In
group 1 there were 49/132 men, 83/132
women; on a racial basis, the distribution
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was as follows: 118/132 people - Cauca-
sians, 14/132 people - Asians; the aver-
age age was 43.4+11.3 years. In group
2 17/43 people - men, 26/43 people -
women, racially 40/43 - Caucasians, 3/43
- Asians, the average age of the subjects
in the control group was 45.3+11.6 years.
Both groups were comparable in terms of
gender and age characteristics.

Analysis of the level of immunoglobu-
lin IgM and IgG (the analysis took into ac-
count PP - the coefficient of positivity) to
HSV 1, type 2, CMV, EBV, SARS-CoV-19
was carried out in blood serum by en-
zyme-linked immunosorbent assay (ELI-
SA) on a Uniplan photometer using stan-
dard kits "Vector best" (Russia), accord-
ing to the manufacturer's instructions. In
addition, the level of avidity of antibodies
to antigens of HSV 1, type 2, CMV, EBV
viruses was determined.

The obtained data were analyzed us-
ing the SPSS 22 program (IBM, USA).
Descriptive statistics for quantitative data
are given as the median and the 25th and
75th quartiles (Me [Q25; Q75]). To com-
pare two independent groups, the analy-
sis was carried out using the Mann-Whit-
ney U-test, for three independent groups
- using the Kruskal-Wallis test. When
comparing qualitative data, x2 and Fish-
er's exact test were used. The critical
level of statistical significance for the two
groups was determined at p < 0.05.

Research results. In 120/175 (68.6 +
7.9%) of the examined, clinical manifes-
tations of chronic herpes virus infection
in history were detected, such as: labial,
genital, herpes.

As a result of the study, it was found
that 1IgG to HSV type 1.2 was found in
95.4% (125/132) in group 1 and in 100%
(43/43) of the examined - in group 2 with-
out statistically significant differences.
The positivity coefficient (PC) in group
1 was 16.12 [15.91; 16.29], in group 2
- 16.06 [15.84; 16.23] c.u., without sta-
tistically significant differences between
the groups. HSV-IgM was found in 2/132
(1.5%) of those examined in group 1 and
in 1/43 (2.3%) in group 2 (Table 1). The
median avidity of antibodies to type 2
HSV-1 antigens was 100.0 [97.0; 100.0]
and 100.0 [96.5; 100.0] in the first and
second groups, respectively (U = 2120,
p=0.839).

CMV-IgG were detected in 100% in
both examined groups (132/132 in group
1 and 43/43 in group 2). CMV-IgM in
group 1 is positive in 5 (3.8%), in group 2
-in 4 (9.3%) people (Table 1). The medi-
an avidity of antibodies to CMV antigens
was 95.0 [82.0; 99.0] and 94.5 [77.5;
99.0] in the first and second groups, re-
spectively (U = 1139.5; p=0.997).

EBV-IgM was positive in 7/132 peo-
ple (5.7%) in group 1 and in 2/43 people
(4.7%) in group 2. EBV-IgG was positive
in 129/132 people (98.5%) in group 1 and
in 41/43 people (95.3%) in group 2, with-
out a statistically significant difference.
The positivity ratio (CP) of EBV-IgG to
the nuclear antigen in group 1 was 12.78
[11.93; 13.03], in group 2 - 12.76 [9.5;
13.0] c.u., without statistically significant
differences between the groups (table
1). The median avidity of antibodies to
EBV antigens was 99.67 [98.21; 100]
and 99.32 [98.32; 100.0] in the first and
second groups, respectively (U = 960;
p=0.888).

Of the 132 people who recovered
from the, 63/132 (47.7%) had a mild
disease, 53/132 (40.2%) had a moder-
ate degree, 12/132 (9.1%) had a severe
degree, the severity of NCVI is unknown
in 4/132 people (3.0%). On average, the
period from the moment of NCVI was
6.97+6.5 months. 35/132 people (26.5%)
had post-COVID syndrome. Of the main
complaints in persons with post-covid
syndrome, the following were noted: gen-
eral weakness and increased fatigue - in

15/35 people (42.9%), violation of smell,
taste, vision - in 10/35 people (28.6%),
memory loss in 5/35 people. (14.3%),
myalgia - in 4/35 people (11.4%).

We analyzed the relationship between
class M and G antibody titers and the se-
verity of NCVI (Table 2). The CP of anti-
bodies to SARS-CoV-2 in mild infection
was at the level of 11.64 [11.31; 11.82]
c.u.,, with a moderate course - 11.66
[11.57; 11.83] c.u., in severe cases —
11.66 [11.13; 11.78] (p = 0.487, H = 1.44).

IgM titers to CMV did not differ in dif-
ferent degrees of severity of NCVI: 0.29
[0.21; 0.38] - with a mild degree, 0.29
[0.21; 0.46] - with an average degree,
0.24 [0.16; 0.29] — in severe course of
the disease (p=0.187; H=4.81). The lev-
el of IgG to CMV also did not differ de-
pending on the severity of NCVI: 10.93
[9.91; 11.03] with mild course, 10.78
[9.63; 10.96] with moderate and 10.86
[8.7; 11.1] in severe infection (p=0.472;
H=2.52). IgM to EBV to the capsid anti-
gen (VCA) in mild NCVI was 0.18 [0.16;
0.26], with moderate NCVI - 0.24 [0.16;
0.32], in severe cases - 0.21 [0.16; 0.29]
(p=0.379; H=3.08). IgG to the EBV nucle-

Table 1

The level of antibodies to viruses of the Herpes family in two examined groups

Main group,

Control group,

N =132 N =43 p-level
HSV-IgM
Negative 123 (93.9) 40 (93.1)
Positively 2(1.5) 1(23) p=0.933; %
Doubtful 6 (4.6) 2 (4.6)

HSV-IgM, CP c.u. 032[0.25,043] | 03[023;041] |p=0.47;U=25285
HSV 1,2-1gG

Negative 6 (4.6) 0 _ .
Positively 125 (95.4) 43 (100) p=0.16:

HSV 1,2-1gG, CP c.u.

16.12 [15.91; 16.29]

16.06 [15.84; 16.23]

p=0.47; U =2528.5

Avidity HSV-1,2

100.0 [97.0; 100.0]

100.0 [96.5; 100.0]

p=0.839; U=2120

CMV-IgM
Negative 126 (96.2) 39 (90.7) ~0.15:
Positively 5(3.8) 4(9.3) p=U 105X

CMV-IgM CP c.u. 029[021;0.37] | 0.33[021;0.66] |p=0.97; U=2743.5
CMV-1gG
Positively 131 (100) 43 (100) -

CMV-IgG, CP c.u. 10.82 [8.97; 11.0] | 10.75[9.6; 11.0] | p=0.28; U = 2446

CMV avidity 95.0 [82.0;99.0] | 94.5[77.5;99.0] |U=1139.5; p—0.997
EBV-1gG
Negative 2(1.5) 2(4.7) _ .
Positively 129 (98.5) 41 (95.3) p=0.23: %

EBV-IgG to nuclear, CP c.u. | 12.78 [11.93; 13.03]| 12.76 [9.5; 13.0] | p=0.153; U = 2348
EBV-IgM
negative 114 (93.5) 41 (95.3)

Positively 7(5.7) 2(4.7) p=0.86; %
Doubtful 1(08) 0
op v IeM VCA, 0.21[0.16;0.29] | 0.18[0.13;0.26] |p=0.11; U = 1807.5
Avidity VEB 99.67 [98.21; 100] [99.32 [98.32; 100.0]| U = 960; p=0.888
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Table 2

Relationship between herpes family viruses and NCVI

Mild disease of the NCVI

The average severity NCVI

Severe disease NCVI

p-level

HSV1.2 type IgM

0,3 [0,24; 0,42]

0,35 [0,28; 0,47]

0,3 [0,28; 0,43]

p=0,382; H= 3,06

HSV 1,2 type 1gG

16,18 [15,96; 16,42]

16,07 [15,83; 16,23]

16,29 [16,12; 16,5]

p=0,025; H =934
p1,2=0,021 U = 1296
p1,3=0,228 U =276
p2,3=0,008 U = 142,5

CMV IgM 0,29 [0,21; 0,38] 0,29 [0,21; 0,46] 0,24 [0,16; 0,29] p=0,187; H = 4,81
CMV 1gG 10,93 [9,91; 11,03] 10,78 [9,63; 10,96] 10,86 [8,7; 11,1] p=0,472; H=2,52
EBV to nuclear IgG 12,91 [12,27; 13,03] 12,74 [9,19; 13,03] 12,86 [12,44; 13,24] p=0,477; H = 2,49
EBV VCA IgM 0,18 [0,16; 0,26] 0,24 [0,16; 0,32] 0,21 [0,16; 0,29] p=0,379; H = 3,08

ar antigen in mild NCVI was at the level
of 12.91 [12.27; 13.03], with moderate
severity - 12.74 [9.19; 13.03], with severe
NCVI - 12.86 [12.44; 13.24] (p=0.477;
H=2.49)

IgM to HSV 1, type 2 amounted to 0.3
in mild NKVI[0.24; 0.42], with a moderate
course - 0.35 [0.28; 0.47], in severe cas-
es - 0.3 [0.28; 0.43] (p=0.382; H=3.06).

The relationship between the titers of
class G antibodies to HSV type 1,2 virus-
es and the severity of NKVI turned out to
be statistically significant. Thus, in mild
NKVI, the IgG level was 16.18 [15.96;
16.42] c.u., with an average severity of
the disease - 16.07 [15.83; 16.23] c.u.,
in severe course - 16.29 [16.12; 16.5]
(p=0.025; H=9.34). At the same time, he
draws attention to the fact that the level
of titers did not have a noticeable effect
on the severity of the course of NCVI, but
indicates the activity of herpes virus in-
fection.

The influence of herpes viruses on the
development of post-COVID syndrome
was assessed. We did not find any sta-
tistically significant differences between
patients with and without post-COVID
syndrome.

Discussion. Thus, the infection of the
examined contingent with herpes family
viruses reached 100%: HSV 1,2-IgG was
positive in 95.4% in group 1 and 100%
in group 2; CMV-IgG were detected in
100% of cases in both groups; EBV-IgG
was found in 98.5% of cases in the first
group and in 95.3% in the second group.
A high level of avidity of antibodies to
antigens of herpes viruses indicates a
long-standing infection process in the
main and control groups.

When assessing the level of antibod-
ies to herpes viruses at different degrees
of severity of NCVI, a connection was es-
tablished with HSV types 1, 2, however,
we did not find a correlation between the

level of CP HSV types 1, 2 and the sever-
ity of NCVI. This can be related to the fact
that the sampling was carried out in the
remote period after the transferred NCVI.
In general, our results are consistent with
previously published information on the
relationship between NCVI and herpes-
virus lesions.

So, in the study of Weber S. et al.
(2022) found that patients under 60 years
of age with severe COVID-19 had a very
high prevalence of CMV seropositivity,
while the distribution of CMV status in
those with mild disease was similar to
that in the German population. Predictive
models support the hypothesis that CMV
serostatus, unlike HSV, may be a strong
biomarker for identifying younger individ-
uals at higher risk of developing severe
COVID-19, particularly in the absence of
other comorbidities [9].

Katz J. et al. (2021) found that the
prevalence of herpes simplex virus-1 in
the COVID-19 patient population was
2.81% compared to 0.77% in the hospi-
tal population with an odds ratio of 5.27
(adjusted for sex, race and age odds
were 5.18, 4.48, and 4.61, respectively);
the prevalence of varicella zoster virus in
patients with COVID-19 was 1.8% com-
pared to 0.43% among inpatients, odds
ratios of 5.26 before adjustment and 5.2,
5.47 and 4.76 after adjusting for sex, age
and race, respectively [24].

Some studies have reported skin man-
ifestations of COVID-19, such as rash-
es, petechiae, and urticaria, which are
non-specific and may be associated with
herpes viruses rather than the SARS-
COV-2 strain [4, 19]. Shingles virus may
even be an indicator of latent COVID-19
infection [19]. Reactivation of herpes
viruses due to an immunosuppressive
condition associated with COVID-19
can be potentially life-threatening [11].
Therefore, a number of authors recom-

mend studying the prevalence of these
cases and taking them into account
in the differential diagnosis of human
herpes viruses, even if COVID-19 is
confirmed [24]. The prevalence of both
HSV-1 and zoster virus was significant-
ly higher in the COVID-19 group [31]. It
can be assumed that COVID-19 lowers
the threshold for reactivation of herpes
viruses, which requires further research
in this direction.

Conclusion. Thus, the overlaying
of herpesvirus infection on NKVI can
probably contribute to the aggravation
of the course of COVID-19. It should be
remembered that both herpes viruses
and SARS-Cov-2 lead to multiple organ
damage, as well as to the development
of neurodegeneration. Considering that
severe forms of herpetic lesions are sim-
ilar to the COVID-19 clinic, it is important
in such cases to include studies on the
herpes viral load in the differential diag-
nosis. Of particular interest is the study
of co-infection with herpes viruses and
SARS-Cov-2 in the long term, since there
is an assumption that herpes viruses lead
to the development of latency of the NKVI
pathogen. In particular, this is important
in assessing the risks of developing neu-
rodegenerative diseases.

Source of funding: The work was car-
ried out within the framework of the re-
search “Radioecological studies of the
state of the natural environment and
medical studies of environmentally de-
pendent diseases in the Aldan region of
the Republic of Sakha (Yakutia)” on the
topic: “Assessment of the levels of expo-
sure of the population of the Aldan region
due to natural sources of radiation and
recommendations for conducting protec-
tive measures to reduce them" by public
order.
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LIPID IMBALANCE IN YAKUTSK RESIDENTS
WHEN INFECTED WITH THE SARS-COV-2
VIRUS AND IN THE POST-COVID PERIOD

A study of lipid metabolism was carried out in 161 residents of Yakutsk aged 20 to 72 years
who had a disease with a new coronavirus infection SARS-CoV-2 from 3 to 12 months ago.
The aim of the work was to assess the lipid profile after recovery from COVID-19, depending
on the post-COVID period and severity of the disease, as well as the level of total cholesterol
in inpatients at admission, discharge and in the post-COVID period. According to the results of
the study, when infected with the SARS-CoV-2 virus, lipid metabolism is disturbed: in the acute
period of infection, the level of total cholesterol decreases, in the post-COVID period, its lev-
el significantly increases. The most pronounced shift in the lipid profile towards atherogenicity
occurs in patients who recovered from COVID-19 three months ago due to a decrease in the
antiatherogenic fraction of lipids. Dyslipidemia is most pronounced in patients who have had an
infection with severe lung damage (50-75%) due to an increase in atherogenic lipid fractions that

create a risk of atherosclerosis.

Keywords. SARS-CoV-2, COVID-19, lipids, dyslipidemia.




Introduction. SARS-CoV-2 coronavi-
rus infection does not manifest as severe
acute respiratory syndrome in all infected
people. In most cases, COVID-19 is as-
ymptomatic or leads to a mild form of the
disease. Some patients need intensive
hospital treatment and respiratory sup-
port, especially the elderly, patients with
obesity, diabetes, cardiovascular disease
and hypertension, as they are at risk of
severe infection, often fatal.

Scientific studies have shown that the
SARS-CoV-2 virus causes a violation
of metabolic processes in the body, in-
cluding lipid metabolism. Lipids not only
constitute the basic structure of mem-
branes, but also play an important role as
intercellular signaling agents and energy
sources [3]. But it should be noted that
lipids also facilitate the penetration of vi-
ruses through the host cell membrane.
Viruses use and modify lipid metabolism
in favor of virus replication [10].

In the acute phase of infection with
SARS-CoV-2, a change in cholesterol
(CH) metabolism was revealed, which
is the cause of a decrease in circulating
cholesterol in the blood serum [10]. An
analysis of data from 1411 hospitalized
patients with COVID-19 showed that low
levels of the anti-atherogenic fraction
(HDL-C - high-density lipoprotein cho-
lesterol), high levels of triglycerides (TG)
before infection and on admission are
significant predictors of disease sever-
ity [2]. Correlations of these parameters
with higher levels of D-dimer and ferritin
indicate the role of acute inflammation in
lipid metabolism disorders. Another large
study found a decrease in low-density
lipoprotein cholesterol (LDL-C) levels as
the disease progressed [5].

Since lipid metabolism disorders
caused by COVID-19 can persist in the
post-COVID period, causing the develop-
ment of cardiovascular complications, the
study of the lipid profile during infection
with the SARS-CoV-2 virus and after re-
covery is relevant.

The purpose of the study: to study
changes in lipid fractions in patients who
underwent COVID-19 depending on the
duration and severity of the disease.

Material and methods. The study,
conducted at the Clinic of the Yakut
Scientific Center for Complex Medical
Problems (YSC CMP), included 161
people who had a laboratory-confirmed
COVID-19 infection with varying degrees
of lung damage. The age of the exam-
ined patients ranged from 20 to 72 years.
The mean age was Me 53.0 [41.5; 61.7]
years, men - 50.5 [40.0; 61.7], women -
53.0 [42.0; 61.5] years. The percentage
of men was 37.1% (60 people), women

62.7% (101 people), respectively. The
exclusion criterion from the group was
patients with signs of acute respiratory
viral infections and active COVID-19 in-
fection at the time of the study.

All subjects were divided into 4 groups
depending on the time since recovery:
group 1 - up to 3 months, group 2 - 3-6
months, group 3 - 6-9 months, group 4
- 12 months ago and the severity of lung
damage (Table 1). Another 4 groups were
divided according to the severity of lung
damage: CT O (zero) - no lung damage
was detected; CT 1 (mild) - damage to
less than 25% of the lung volume, CT
2 (moderate-severe) 25-50%, CT 3 (se-
vere) 50-75% (Table 1).

The study was approved by the deci-
sion of the ethical committee of the Fed-
eral State Budgetary Scientific Institution
“Yakutsk Scientific Center for Complex
Medical Problems”, Protocol No. 52 dat-
ed March 24, 2021, and was performed
with the informed consent of the subjects
in accordance with the ethical standards
of the Declaration of Helsinki (2000). The
material of the study was blood serum
from the cubital vein, taken on an empty
stomach.

All biochemical studies were carried
out on a Labio-200 automatic biochem-
ical analyzer (Mindray, China) using
Biocon reagents. The determination
of total cholesterol (TC), triglycerides
(TG), high-density lipoprotein cholesterol
(HDL-C) was carried out by the enzymat-
ic method. Low-density lipoprotein cho-
lesterol (LDL-C) and very-low-density li-
poprotein cholesterol (VLDL-C) were cal-
culated using the formula of Friedewald
et al., the atherogenic coefficient (C,) was
calculated using the formula proposed by
A.N. Klimov.

To determine the frequency of lip-
id metabolism disorders, the Russian
recommendations of the 7th revision of
2020, compiled taking into account the
European recommendations of 2019,
were used. Hypercholesterolemia (HCH)
was taken as the level of total cholesterol
=5.0 mmol/l, taking into account the risk
of cardiovascular death according to the
SCORE scale, an elevated level of LDL
cholesterol >3.0 mmol/l, a reduced lev-
el of HDL cholesterol - the level of HDL
cholesterol <1.0 mmol/l in men and 1.2
mmol/l in women. Hypertriglyceridemia
(HTG) was classified as a TG level of
>1.7 mmol/l.

In 29 patients who received inpatient
treatment, a statistical analysis of the
content of only total cholesterol at admis-
sion, discharge and in the post-COVID
period was carried out, since the assess-
ment of the complete lipid profile in pa-
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tients at admission and discharge from
the hospital was not included in the pro-
tocol of mandatory laboratory tests.

Data on the degree of ground-glass
lung damage were assessed by the re-
sults of X-ray computed tomography
(CT).

Statistical processing of the obtained
data was carried out using the SPSS Sta-
tistics 19 statistical program. The descrip-
tive analysis data are presented in tables
as Me (median), Q1 and Q3 (quartiles 25
and 75%). The significance of differences
was assessed using Student's t-test and
ANOVA, for independent samples with a
normal distribution and the Mann-Whit-
ney test with an abnormal distribution.
The critical value of the level of statistical
significance of differences (p) was taken
equal to 5%. The data in the table are
presented as Mtm, where M is the mean,
m is the standard error of the mean. Cor-
relation analysis of the data was carried
out according to the method of Pearson
and Spearman.

Results and discussion. The results
of our study revealed changes in the level
of total cholesterol in patients on admis-
sion and discharge. Median total choles-
terol at admission was 4.10 [3.60; 5.18]
mmol/l, at discharge 4.50 [3.70; 4.75]
mmol/l. It was found that at admission in
men, cholesterol was lower by 11% than
in women: Me 3.85 [3.35; 4.87] and 4.30
[3.61; 5.28] mmol/l, respectively.

In the post-COVID period, the value
of the median total cholesterol exceeded
the reference value, reaching 5.42 [4.70;
6.04] mmol/l and was statistically signifi-
cantly higher by 32% than at admission
(p=0.000) and 20% higher than at dis-
charge (p=0.001) (Fig. 1).

Our analysis of the state of the lipid
profile in the blood serum depending on
the post-COVID period showed that at all
times after recovery from infection with
SARS-CoV-2, the level of total cholester-
ol, LDL cholesterol and C, value did not
correspond to the values recommended
by the Russian Society of Cardiology.

The level of TG in all terms after re-
covery was within the reference values
and had no significant differences; over
time, there is a slight decrease in indica-
tors. The highest level of total cholesterol
was observed in group | (up to 3 months
after the infection), exceeding the norm
by 9.6% (5.48+0.22 mmol/l). In groups
in which the period after COVID-19 was
from 3 to 12 months, there was a trend
towards a decrease in the level of total
cholesterol, but still the indicators re-
mained above the normative values up to
12 months.

The content of HDL cholesterol was
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reduced, especially in groups | and llI:
0.87+0.04 and 0.98+0.04 mmol/l, re-
spectively. In groups Il and IV, the level
of HDL cholesterol is close to the mini-
mum limit value. A statistically significant
difference was found between HDL cho-
lesterol levels in groups | and Il (terms
after COVID-19 up to 3 months and 3-6
months) (p = 0.002) (Table 2).

The anti-atherogenic fraction of lipids
LDL-C at all times exceeded the norm
(<3.0 mmol/l) and its level was higher
(3.94+0.19 mmol/l) in group | (in those
who recovered 3 months ago).

The average content of LDL choles-
terol in the post-COVID period was in-
creased by 20-24% of the norm. A higher
rate was noted in group | (in those who
recovered 3 months ago), remaining at a
high level up to 12 months (Table 1).

As a result of an imbalance in the lipid
profile, the value of the atherogenic co-
efficient (C,) was the highest in group |
(in those who had been ill three months
ago) (5.48+0.43), exceeding the norm by
82%. A significant difference in the value
of C, was revealed when comparing the
indicators of groups | and Il (p=0.047).
Over time, there is a downward trend,
however, in all groups, C_ remains high,
even after 12 months (Table 2).

The results of the analysis of the lipid
spectrum, depending on the indicators
of the degree of lung damage, showed
a tendency to increase the level of total
cholesterol, triglycerides, LDL cholester-
ol, C_ from CT 0 to CT 3, and vice ver-
sa, the antiatherogenic fraction of lipids
- HDL cholesterol remained at a reduced
level regardless of the severity of lung
damage. The content of TG at CT 3 in-
creases by 32%, the level of LDL choles-
terol increases by 7% compared with CT
0 (Fig. 2). At the same time, the content
of HDL cholesterol was reduced by 10%
of the standard values. As the severity
of the lesion increased, the value of Ka
increased and in the group with severe
lung damage (CT 3) C, was the highest
- 4.51+0.40.

Correlation analysis showed a direct
relationship between the degree of lung
damage (CT) and the level of total cho-
lesterol (r=0.192; p=0.015), TG (r=0.258;
p=0.001) and VLDL cholesterol (r=0.246;
p=0.002). This confirms the dependence
of changes in the lipid profile on the
severity of lung damage in COVID-19,
which indicates the impact of the devel-
opment of infection on lipid metabolism.
The revealed decrease in the level of
total cholesterol in patients upon admis-
sion to the hospital does not contradict
the literature data. During the period of
acute SARS-CoV-2 infection, the lev-

Table 1

Distribution of the median of patients who recovered from COVID-19 by age groups
depending on the post-COVID period and the severity of the disease, Me [Q25; Q75]

Groups | Post-COVID period | Average age | Severity of lung injury Mean age

Gr{gl;g Tl Upto3months | 51 (42.0; 62.0) KT 0.n=27 46 (37.0; 56.0)
Grouptll 3.6months | 53 (41.0;62.0) KT 1. n=60 47 (39.0; 58.7)
Growp M| 6.9 months | 54 (39.0; 62.0) KT 2. n=42 60 (49.7; 63.0)
IVEOWP|  612months | 51 (42.0;61.0) KT 3. n=32 57(42.2; 64.7)

Note. n is the number of patients.

Table 2

Average lipid values depending on the post-COVID period

t?yr o | umber gt studied| MM i 5% CI P
Triglycerides

| 15 1.36+0.18 1.36 0.96-1.76 -

I 75 1.39+0.11 0.98 1.16-1.61 0.921

1 49 1.14+0.10 0.69 0.94-1.35 0.099

v 22 1.23£0.14 0.66 0.93-1.50 0.598
Total cholesterol

I 15 5.48+0.22 0.87 4.99-5.96

I 75 5.47+0.13 1.21 5.18-5.73 0.976

11 49 5.42+0.14 0.97 5.13-5.69 0.837

10% 22 5.36+0.17 0.83 5.00-5.73 0.645
HDL cholesterol

I 15 0.87+0.04 0.17 0.07-0.97

11 75 1.09+0.04 0.40 0.99-1.17 0.002'2

il 49 0.98+0.04 0.32 0.88-1.07 0.091'3

v 22 1.02+0.07 0.34 0.88-1.18 0.098'
LDL cholesterol

I 15 3.94+0.19 0.76 3.52-4.36

I 75 3.75+0.12 1.05 3.50-3.99 0.418'2

11 49 3.92+0.12 0.84 3.67-4.16 0.930'2

v 22 3.75+0.15 0.76 3.444.10 0.475'
VLDL cholesterol

I 15 0.62+0.08 0.33 0.43-0.80

I 75 0.63+0.05 0.45 0.52-0.73 0.937'2

1 49 0.51+0.04 0.31 0.43-0.61 0.296'3

v 22 0.56:+0.06 0.30 0.42-0.68 0.599'+

Ca

I 15 5.48+0.34 1.34 4.73-6.22

I 77 4.5940.25 2.20 4.10-5.10 0.047'2

m 48 4.94+0.25 1.81 4.45-5.50 0.228'

v 22 4.86+0.49 2.29 3.81-5.79 0.320™

Note. Group I - recovered from COVID-19 3 months ago, Group II - recovered from
COVID-19 6 months ago; Group III - those who recovered from COVID-19 9 months ago;
Group IV - recovered from COVID-19 12 months ago.



el of circulating cholesterol in the blood
decreases [11]. Perhaps this is also due
to alimentary reasons, depletion of the
body and a number of other factors. In
a study by N.J. Wierdsma et al., one in
five patients admitted to the hospital with
COVID-19 suffered severe drastic weight
loss, and 73% were at high risk of sar-
copenia. Moreover, almost all patients
had one or more nutritional complaints.
Of these complaints, the predominant
nutritional complaints were decreased
appetite, feeling full, dyspnea, altered
taste, and loss of taste. These symptoms
have serious implications for nutritional
status [9].

The SARS-CoV-2 coronavirus, like
other enveloped viruses, enters host cells
via endocytosis, interacting with lipid rafts
within the cell membrane. Lipid rafts are
subdivisions of the cell membrane rich
in glycosphingolipids and cholesterol.
They contain many molecules such as
dynamin, caveolin, and clathrin, which
may be important for viral infiltration [4,
8]. Cholesterol levels directly affect the
permeability of lipid rafts; therefore, a
higher concentration of cholesterol in the
membrane promotes endocytosis. Con-
versely, lower levels of membrane-bound
cholesterol reduce virus entry. Perhaps
this is a protective reaction of the body
from the destruction of cell membranes
by the virus. At the same time, according
to other researchers, low cholesterol is
a risk factor for poor prognosis not only
in COVID-19, but also in other critical
illnesses, such as sepsis. In a study by
H. Chen et al., patients with sepsis had
significantly lower levels of cholesterol,
HDL-C and LDL-C compared with pa-
tients without sepsis [10].

HDL cholesterol is known to exhibit
anti-atherosclerotic,  anti-inflammatory,
anti-apoptotic, and anti-thrombotic prop-
erties [1]. The pleiotropic effects of HDL
cholesterol are directly related to the im-
mune system and host defense mecha-
nisms against pathogens. HDL choles-
terol transports acute phase proteins
associated with inflammation and regu-
lation of the component system. HDL-C
particles interact with key cells of the
immune system, such as macrophages,
dendritic cells, megakaryocytes, T-cells
and B-cells, and therefore regulate im-
mune signaling [6].

LDL cholesterol transports most of the
cholesterol contained in the circulatory
system [7]. They are considered more
proatherogenic due to their long reten-
tion in circulation in the blood, easy pen-
etration into arterial walls, and greater
susceptibility to oxidation. Anti-inflamma-
tory cytokines induced by viral infection
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Fig.2. Lipid profile of patients with COVID-19 in blood serum depending on the severity of CT

modulate lipid metabolism, including the
oxidation of LDL-C by reactive oxygen
species released to facilitate clearance of
LDL-C [2]. This indicates the prevalence
of pro-oxidative processes after the dis-
ease for 12 months.

Thus, those who recovered from
COVID-19 three months ago are at the
highest risk of developing cardiovascular
complications. The risk of developing car-
diovascular complications persists for up
to a year.

Conclusion. In  patients  with
COVID-19 who received treatment in a
hospital during the acute period of the dis-
ease, there is a decrease in total choles-
terol and its increase in the post-COVID
period. Patients who recovered from
COVID-19 three months ago have a high

risk of developing cardiovascular compli-
cations, as evidenced by a high athero-
genic coefficient, which is 1.8 times high-
er than the normal value. The imbalance
of the lipid profile increases depending on
the severity of lung damage, which man-
ifests itself in an increase in the level of
total cholesterol, triglycerides, low-densi-
ty lipoprotein cholesterol, which persists
for up to 12 months. A pronounced shift
in the lipid profile with a significant in-
crease in the value of Ka is observed in
the group of patients with severe damage
to the lung volume (CT 3), which requires
closer long-term medical and biological
monitoring of these patients in order to
prevent and prevent cardiovascular com-
plications, including myocardial infarc-
tions and strokes.
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E.D. Okhlopkova, Z.N. Alekseeva, L.l. Konstantinova,

S.D. Efremova, A.l. Yakovleva

NEUROSTEROID HORMONES
AND PSYCHO-EMOTIONAL STATE
OF INDIGENOUS MEN (YAKUTIA)

A survey of 56 practically healthy men from among the indigenous inhabitants of Yakutia (yakuts-34, evenks-22) was carried out. The average
age of men was 40.1+1.58 years. The purpose of this study was to assess the psycho-emotional state and the level of neurosteroid hormones in
men of the indigenous population of the Republic of Sakha (Yakutia). The results of a psycho-emotional study of men showed that good psycho-
logical adaptation was noted in 64.3% (37), of which the «health» level was 28.6% (16) and optimal adaptation was 35.7% (20).

Non-pathological maladaptation was detected in 16.1% (9), and severe pathological maladaptation - in 19.6% (11) (pathological mental mal-
adjustment - 8.9% (5) and probably a disease state - 10.7% (6)). Depression (D) was absent in 35.7% (20), mild depression was noted in 17.8%
(10), moderate in 28.6% (16) and severe in 17.8% (10), severe depression not identified. An analysis of the degree of aggression showed that in
42.9% (24) of the surveyed, the aggression index (IA) was normal, in 53.6% (30) it was low and in 3.6% (2) it was high. An increase in the level
of neurosteroid hormones in indigenous men is a protective reaction of the body in ensuring homeostasis and adaptation to the conditions of the
North. The concentration of steroid hormones in men decreases with the deterioration of the psycho-emotional state.

Keywords: testosterone, cortisol, dehydroepiandrosterone sulfate, serotonin, depression, neuropsychological adaptation, Yakutia.

The process of adaptation and main-
tenance of homeostasis in residents liv-
ing in extreme climatic conditions of the
North, under the influence of man-made,
socio-economic factors is accompanied

Yakut science centre of complex medical
problems: OKHLOPKOVA Elena Dmitriev-
na — PhD in Biology, senior researcher at the
Laboratory of Biochemical and Immunological
Research, FSBSI YSC CMP, elena_ohlop-
kova@mail.ru; ALEKSEEVA Zinaida Niko-
laevna — junior Researcher of the Laboratory
of Neurodegenerative Diseases, FSBSI YSC
CMP, gzinaida@mail.ru; KONSTANTINOVA
Lena Ivanovna — researcher at the Labora-
tory of Biochemical and Immunological Re-
search, FSBSI YSC CMP; konstanta.l@mail.
ru; EFREMOVA Svetlana Dmitrievna — junior
researcher at the Laboratory of Biochemical
and Immunological Research, FSBSI YSC
CMP, esd64@mail.ru; YAKOVLEVA Alexan-
dra Ivanovna — researcher at the Laboratory
of Biochemical and Immunological Research,
FSBSI YSC CMP, sashyak@mail.ru

by activation of metabolism (metabolism),
changes in the endocrine and nervous
systems [8; 7; 6]. Constant exposure to
stress-limiting factors can lead to deple-
tion of the body's reserve capabilities, dis-
rupt homeostasis and provoke «oxidative
stress», thereby increasing morbidity and
mortality of the working-age population
[13; 4, 1, 16]. Manifestations of stress re-
actions in residents of Northern latitudes
in more than 60% of practically healthy
people are expressed in psychoemotion-
al and endocrine changes [5, 15]. There
was an increase in psychoemotional ten-
sion by 19.4% and the level of the stress
hormone cortisol by two times, compared
with healthy residents of the middle lat-
itudes [14]. A relatively frequent occur-
rence of anxiety-depressive states was
noted in residents of Southern Yakutia
(Neryungri) [12].

Hormones of the hypothalamic-pitu-
itary-adrenal system regulate not only
neuroendocrine function, but also affect

behavior, thinking, sleep cycle regula-
tion, memory, depression, anxiety and
aggression [21]. Aggression is one of
the most common ways to solve prob-
lems that arise in complex and difficult
(frustrating) situations that cause mental
tension. It is essential that aggressive
actions used to overcome difficulties and
relieve tension are not always adequate
to the situation. Aggressive actions act
as: 1) means of achieving some signif-
icant goal; 2) methods of mental dis-
charge, replacement of satisfaction of
blocked needs and switching activities;
3) satisfaction of the need for self-reali-
zation and self-affirmation.

Sex steroids are involved in the for-
mation of cognitive functions, reduce
the clinical manifestations of depression
and other mental disorders. Understand-
ing the effect of nonsteroidal hormones
on the development and functioning of
the central nervous system in different
periods of men's lives is extremely rele-



vant and can be used to correct various
dishormonal disorders in men.

The purpose of this study was to as-
sess the psychoemotional state and the
level of steroid hormones in men of the
indigenous inhabitants of the Republic of
Sakha (Yakutia).

Material and methods of researc-
During the field expeditions, in the
spring (March), 56 practically healthy
men from among the indigenous inhab-
itants of Yakutia (yakuts-34, evenks-22)
(Megino-Kangalassky, Vilyuysky and
Ust-Maysky districts) were examined.
The average age of men was 40.1+1.58
years. Blood sampling was carried out
from the ulnar vein in the morning from 8
to 11, on an empty stomach, in a state of
muscular rest.

Determination of the concentration of
cortisol, testosterone, dehydroepiandros-
terone sulfate (DHEA-S) was carried
out in blood serum using sets «Alkor-
Bio» (Russia), dehydroepiandrosterone
(DHEA) from DBC (Canada), serotonin -
LDN (Germany) by three-phase enzyme
immunoassay on a «Uniplan» photome-
ter (Russia) on the basis of the Labora-
tory of Immunology of the FSBSI «YSC
CMP», Yakutsk.

The psychological examination was
conducted using the validated Bass-Dar-
key questionnaire (for aggression re-
search), the Beck depression scale and
the neuropsychic Adaptation Test (NAT)
(for categorical assessment of mental
health). The study was approved by the
decision of the Local ethics committee at
the FSBSI «YSC CMP» and was carried
out in accordance with the ethical stan-
dards of the Helsinki Declaration (2000),
after receiving the informed consent of
the participants to use the materials in
scientific generalizations.

Statistical processing of the results
was carried out using the package of ap-
plied statistical programs SPSS Statistics
26. To identify the relationship between
the studied indicators, the method of cor-
relation analysis of data with the calcu-
lation of coefficients and Spearman rank
correlation was used. The reliability of the
differences was determined by ANOVA
for independent groups. The critical val-
ue of the level of statistical significance
of differences (p) was assumed to be 5%.

Results and discussion. The re-
sults of a psychoemotional study of men
showed that 64.3% (37) had good psy-
chological adaptation, of which 28.6%
(16) had the level of «health» and 35.7%
(20) had optimal adaptation. Non-patho-
logical maladaptation was detected in
16.1% (9), and pronounced pathological
maladaptation - in 19.6% (11) (patholog-

ical mental maladaptation - 8.9% (5) and
probably a painful condition - 10.7% (6).
Depression (D) was absentin 35.7% (20),
mild depression was noted in 17.8% (10),
moderate in 28.6% (16) and pronounced
in 17.8% (10), severe depression was not
detected.

According to the results of the study,
Alekseeva Z.N. et al. (2018) in men of
rural residents of Yakutia, the severi-
ty of depression and neuropsychiatric
maladaptation is less pronounced than
in women, while the severity of depres-
sion among men was 17.4% (moderate
- 12.9%, pronounced - 3.8% and severe -
0.8%), and the NAT of the «painful state»
was 28.8% [10].

The analysis of the degree of ag-
gression showed that in 42.9% (24) of
the surveyed, the aggression index (Al)
is normal, in 53.6% (30) it is low and in
3.6% (2) it is high. The predominance of
individuals with a low level of aggression
requires further study. According to the
definition of the methodology itself, the
norm of aggression is an average indica-
tor, and deviation from the norm to a low
or high level is considered as destructive
changes. A low level of aggression can
be regarded as the suppression of ag-
gression, which is more often regarded
as a predictor of psychosomatization [3].

Correlation analysis showed that the
level of NAT had a direct relationship with
the level of depression (0.376; p=0.004)
and Al (0.383; p=0.04), the main stress
hormone - cortisol had an inverse cor-
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relation with indicators of psychoemo-
tional state: with a degree of NAT (-0.326;
p=0.018), with depression (-0.329;
p=0.013) and with Al (-324; p=0.015).

The average level of cortisol in men
was 566.21+21 (nmol/L), while an in-
creased level of cortisol was noted in
25% of respondents, which is compara-
ble to the data of studies of northerners,
who had an increase in cortisol compared
with healthy residents of the middle lati-
tudes [14].

In groups with high psychological mal-
adaptation (Table 1), with a higher level
of depression (Table 2) and aggression
(Table 3) a lower cortisol content was not-
ed in comparison with groups with normal
and low levels of psychological indicators
(Tables 1, 2), which may be one of the
disadaptation signs.

According to literature data, in two
groups with unidirectional hormonal,
psychoemotional manifestations of the
severity of northern stress, practically
healthy newcomers with an increased
level of psychoemotional stress and a
low concentration of cortisol showed
more pronounced functional disorders of
the cardiovascular system, gastrointesti-
nal tract and painful meteoreaction [14].
When exposed to physical or psycholog-
ical stressors, the brain sends a signal
to the adrenal glands, and cortisol is re-
leased. Under the influence of which con-
centration of attention improves, blood
circulation and glucose synthesis in-
creases — this helps the body to release

Table 1

The content of neurosteroid hormones in men with different levels of NAT

NAT level
Indicators 1 2 3 4 5
n=16 n=20 n=9 n=5 n=6
. 459.28+71.4
Cortisol, 460.94+43.63 - .
150660 (nmol/L | 607-07+31.57|617.24:39.04| 509.39+51.29 | *N2 23] p, =0.049:
p.=0.031
Testosterone,
1SS o Ly | 22214137 | 25326164 | 20014261 | 21485261 | 23474340
Serotonin
201900 (hgimly [321:72£20.41{336.21423.56|315.91436.72| 293.50+37.10|314.56+36.45
DHEA, 5.7240.75 | 6.5040.66 | 6544127 | 42140.64 | 6.87+2.66
3-11(mcg/ml)
1.9240.36
DHEA-S, 2814038 | 339+038 | 3.75:0.64 | 2.25:049 | p. =0.053
1.0-4.2 (mcg/ml) 25 _
P 1=0.035
T/C, ue 0.037£0.002 | 0.044=0.004 | 0.045+0.007 | 0.04620.003 | 0.054+0.008
DHEA/C, u.c 0.96£0.14 | 1242024 | 1.49:043 | 094z0.1¢ | 0-32£0.40
p,.=0.049
DHEA-S/C.ue | 046052 | 0.63:0.11 | 0.77:0.13 | 0480.13 | 0.46:0.09

Note: 1-health; 2-optimal adaptation; 3- non-pathological mental maladaptation; 4-
pathological mental maladaptation; 5-probable painful condition.
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additional energy in order to overcome
stress more effectively.

The testosterone level in all groups
varied within the reference values, and
had no significance from the level of NAT
and depression (Tables 1, 2). lts signif-
icant dependence was revealed on the
level of aggression, in the group with a low
aggression index, a higher testosterone
content was noted by 20.27% (p<0.05),
in comparison with the group with a nor-
mal aggression index, (Table 3). Cor-
relation analysis showed an inverse re-
lationship of testosterone levels with the
aggression index (-0.349; p=0.008) and
a direct relationship with the cortisol level
(0.421; p=0.004), DHEA (0.361; p=0.006)
and the T/C index (0.396; p=0.003).

Studies by scientists from the Nether-
lands and South Africa have shown that
aggression (in its everyday manifesta-
tion) has a connection not only with tes-
tosterone, but also with cortisol, as well as
serotonin — a substance that nerve cells
use to exchange signals. These studies
suggested that testosterone increases
aggressiveness mainly when there is lit-
tle cortisol or receptors responsible for
interacting with serotonin, and serotonin
receptors partially prevent impulsive ag-
gression, outbursts of rage. [24]. Thus, a
strong positive correlation between tes-
tosterone and aggression was found in
male offenders with low cortisol levels. In
male offenders with high cortisol levels,
the relationship between testosterone
and aggression was not observed [17].
In addition, recent studies have revealed
a similar relationship between testoster-
one, cortisol and aggressive behavior in
clinical groups of children with behavioral
disorder and adults with psychopathy, as
well as in healthy people [19].

Recently, it has been suggested that
a low level of serotonin combined with a
high ratio of the T/K index contributes, in
particular, to an impulsive subtype of ag-
gression [25; 23].

The average level of serotonin in all
groups varied within the normal range
and did not differ depending on the in-
dicators of the psycho-emotional state
(Table 1.2), however, in the group with an
increased level of aggression it tended
to decrease (Table 3). Serotonin is the
most important neurotransmitter involved
in the regulation of cognitive, behavioral
and other mental functions in humans,
the neurobiological profile of low cortisol
and high testosterone levels, together
with low serotonin levels, predisposes to
impulsive aggression.

The average level of DHEA hormone
having an anabolic effect was 6.12 + 0.46
(pg / ml) and, depending on the indica-

Table 2

The content of neurosteroid hormones in men with different levels of depression

The level of depression
Indicators 1 2 3 4
n=20 n=10 n=16 n=11
Cortisol, 527.34+49 .91 484.37+£30.30
150-660 (nmoliLy | 657393192 | =T b 0001 | 5536455853
Testosterone,
12.1-38.3(nmol/L) 23.23+1.44 24.57+2.24 22.57+1.83 22.694+2.11
Serotonin
40-400 (ng/ml) 314.87+27.39 | 329.77+14.49 | 338.05+£23.55 | 306.65+20.97
DHEA, 7.97+1.12
3-11(meg/ml) 5.45+0.56 p,,=0.065 6.02£1.17 5.77+.83
DHEA-S,
1.0-4.2 (meg/ml) 3.14+0.41 3.17+0.49 2.48+0.34 3.5+0.53
0.049+0.006 0.04740.009 0.048+0.008

T/C, u. 0.035+0.001

Lue p,,=0.043 p,,=0.045 p,.,=0.066
DHEA/C, u.e 0.80£0.05 1080 36 1.20+0.68 1.4240.48

P,
DHEA-S/C, u.e 0.48+0.05 0.66+0.13 0.53+0.06 3'76:%%%25
1-4 :

Note: 1-absent; 2-mild; 3-moderate; 4-pronounced.

Table 3

The content of neurosteroid hormones in men with different levels of aggression

Aggression Index
Indicators 1 2 3
n =24 n=30 n=2

Cortisol, 518.21+£32.39
150-660 (nmol/L) 6134122733 p,.,=0.029 443+147.88
Testosterone, 20.26+1.31
12.1-38 3(nmol/L) 25.41+1.15 p,.=0.004 24.86+1.95
Serotonin
40-400 (ng/ml) 326.57+18.21 326.97+17.27 213.09+55.35
DHEA,
3-11(meg/ml) 6.10+0.56 6.26+0.84 4.88+2.01
DHEA-S,
1.0-4.2 (meg/ml) 3.11+0.26 2.825+0.36 4.06+2.28

0.066+0.027
T/C,u.e 0.043+0.003 0.042+0.003 p,,=0.088;

p,,=0.063

DHEA/C, u.e 1.09+0.15 1.30+0.22 1.09+0.09
DHEA-S/C, u.e 0.53+0.48 0.60+0.11 0.85+0.23

Note: 1-low; 2-normal; 3-high

tors of psychoemotional state, did not
differ, which is consistent with the litera-
ture data. The level of DHEA in patients
with hysterical symptoms did not differ
from the indicators of healthy individu-
als [9]. In the work of Nakhodkin S.S. et
al. (2018), the dependence of hormone
levels on smoking and the type of char-
acter was revealed: in smoking young
yakut men, the level of cortisol increases,

and the level of DHEA tends to decrease,
the dependence of the content of DHEA
in the blood serum of smoking men on
extroversion indicators is also shown
(r=0.47; p=0.02). [2]. DHEA is a natural
anti-glucocorticoid hormone that oppos-
es the key stress hormone cortisol [21].
For adequate protection of the body from
stress, DHEA, which is characterized by
a protective effect against the central ner-



vous system, should always prevail over
cortisol [18, 20]. According to some stud-
ies, a low level of DHEA in the blood is
one of the causes of insufficient stress re-
sistance, increasing depression with age
in adolescents and the elderly, increased
suicide rates, and a decrease in the level
of circulating DHEA and a decrease in the
cortisol-DHEA ratio are associated with
accelerated aging, depression, memory
disorders, chronic fatigue syndrome, Alz-
heimer's disease. [18, 20].

In men of indigenous nationality, the
average concentration of DHEA-S was
equal to 3.02+0.21 (mcg/ml). The level of
DHEA-S tended to decrease depending
on the deterioration of the NAT. Chang-
es in the concentration of DHEA-S were
detected only depending on the level of
NAT, in the group of people with a likely
painful condition, the content of DHEA-S
was reduced by 20%, compared with the
«health» group and by 33.6% with optimal
adaptation (Table 1). The DHEA-S con-
tent positively correlated with the DHEA
level (0.427; p=0.001) and the DHEA/C
index (0.313; p=0.019). DHEA-S has a
weak androgenic effect, but in the pro-
cess of its metabolism, testosterone and
DHEA are formed in peripheral tissues.

Stressful situations lead to a violation
of the central nervous system, according
to most authors, they lead to a decrease
in DHEA and DHEA-S. DHEA, unlike
DHEA-S, can be metabolized in the
brain, and affect mental processes.

The testosterone/cortisol index (T/C)
had a direct relationship with NAT and
depression (0.334; p=0.012 and 0.307;
p=0.021), which indicates the activation
of adaptive processes in the body of
people with stress of a psychoemotional
state. The ratio of DHEA to cortisol, which
characterizes the anabolic-catabolic bal-
ance, is used as a marker of stress re-
sistance in patients with mental disorders
[9]. The DHEA/C index and DHEA-S/C
had an inverse relationship with cortisol
and a direct relationship with the level of
DHEA and DHEA-S, respectively.

Thus, 35.7% of the surveyed indig-
enous men (yakuts, evenks) of the Re-
public of Sakha (Yakutia) have a stress
of the psycho-emotional state according
to the level of NAT. 46.4% of men were
found to have depressive states. Low lev-
el of aggression is found in 53.6% (30),
high in 3.6%. An increase in the level of
neurosteroid hormones in indigenous
men is a protective reaction of the body
in ensuring homeostasis and adaptation
to the conditions of the North. The con-
centration of steroid hormones in men
decreases with the deterioration of the
psycho-emotional state.
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FEATURES OF CELLULAR AND HUMORAL
IMMUNE REACTIONS IN THE INHABITANTS
OF THE EUROPEAN NORTH

AND THE ARCTIC

The features of cellular and humoral immune responses in the inhabitants of the European North and the Arctic have been studied. It has been
established that a parallel increase in the frequency of registration of erythrocytosis, thrombocytosis, elevated hemoglobin, hematocrit and thromb-
ocrit in residents of the Murmansk region is a mechanism for adaptation to an increased need for O2 in the Arctic. The examined individuals showed
a high frequency of registration of leukocytosis, lymphocytosis, neutrophilia, monocytosis, eosinophilia and basophilia against the background of
a significant level of deficiency of active phagocytes. A feature of the immunological reactivity of the inhabitants of the polar village is the predomi-
nance of reactions of cell-mediated and antibody-dependent cytotoxicity against the background of an increase in pro-inflammatory cytokines IL-6,
IFN-y, reagins, intercellular adhesion molecules sCD54 and sCD62L.

Keywords: erythrocytes, platelets, hematocrit, thrombocrit, phagocytosis, NK cells, cytokines, IgE, intercellular adhesion molecules, Arctic.

Introduction. The complex of natural
and climatic factors typical for the Arctic
poses a significant risk to the health of
residents exposed to them [4; 15]. The
cumulative effect of all unfavorable cli-
matic and ecological conditions of these
territories enhances their negative impact
on the human body, causing a more in-
tense reaction of adaptation to constantly
changing living conditions, with increased
energy consumption and the use of not
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always economical options for regulat-
ing and maintaining homeostasis [2; 6].
In people living in the northern climate,
there is a decrease in immune protection
[5; 6].

According to the integrated map of the
impact of natural conditions on the ter-
ritory of the Russian Federation on the
living conditions of the population, the
Arkhangelsk region belongs to a relative-
ly unfavorable natural zone. The settle-
ments of the Murmansk region belong to
the regions of the Far North of the Rus-
sian Federation, are located beyond the
Arctic Circle and are located in the area
of residence with a pronounced effect
of uncomfortable conditions on people,
causing stress on the body's adaptation
systems [1; 3; 11].

The aim of our study was to identify
the characteristics of cellular and humor-
al immune responses in residents of the
European North and the Arctic.

Material and methods. 315 currently
practically healthy residents of the village
were examined. Revda, Murmansk re-
gion, 237 women and 78 men, aged 21
to 50 years. The comparison group con-
sisted of 181 practically healthy people of
the Arkhangelsk region of the same age
range, 138 women and 43 men.

All studies were carried out with the
consent of the volunteers and in accor-
dance with the requirements of the doc-
ument "Declaration of Helsinki of the
World Medical Association. Ethical prin-
ciples for conducting medical research
involving a person as a subject" (1964,
as amended and supplemented in 2013),
and also approved and approved Com-
mission on Biomedical Ethics at the IFPA
FGBUN FITSKIA Ural Branch of the Rus-
sian Academy of Sciences (protocol No.

5 dated February 11, 2022).

The complex of immunological exam-
ination included the study of hemogram,
phagocytic activity of neutrophilic leuko-
cytes in peripheral blood. The number
and ratio of hemogram cells were count-
ed in blood smears stained by the Roma-
novsky—Giemsa method. The phagocytic
activity of neutrophilic granulocytes was
determined using the Reacomplex test
kit (Russia). On the hematological an-
alyzer XS-500i (Sysmex, Japan), in the
peripheral venous blood of the examined,
WBC (total leukocyte count), RBC (total
erythrocyte count), HGB (hemoglobin
concentration), HCT (hematocrit - the
proportion of blood volume occupied by
erythrocytes), PLT (total platelet count),
PCT (thrombocrit - the proportion of
platelets in the total blood volume.).Lym-
phocyte phenotypes (CD3+, CDA4+,
CD8+, CD10+, CD16+, CD71+, CD25+,
HLADRII, CD23+, CD95+, CD19+,
CD54+, CD56+) were studied by indirect
immunoperoxidase reaction using mono-
clonal antibodies (Sorbent, Moscow) and
flow cytometry using an Epics XL appa-
ratus from Beckman Coulter (USA) with
reagents from Immunotech a Beckman
Coulter Company (France). The con-
tent of pro-inflammatory cytokines IL-6,
IFNy, anti-inflammatory cytokine IL-10
immunoglobulin E, free intercellular ad-
hesion molecules sCD54 and sCD62L
with reagents from Bender Medsystems
(Austria) in blood serum was studied by
enzyme immunoassay on an automatic
enzyme immunoassay analyzer Evolis
manufactured by Bio-RAD "(Germany).

The obtained data were statistical-
ly processed using the Statistica 21.0
software package (StatSoft, USA). The
results are presented as the arithmetic



mean and error of the mean (Mtm). An
independent sample t-test was used for
comparison between groups. For bivari-
ate normal distribution data, the Pearson
correlation coefficient was calculated.
The critical significance level (p) in the
work was taken equal to 0.05.

Results and discussions. It was
found that the residents of the village Re-
vda has a higher content of erythrocytes,
hemoglobin, platelets (table 1), which is
confirmed by an increase in the frequen-
cy of registration of erythrocytosis by 1.6
times (51.43+0.23 versus 31.49+0.31%,
respectively), an increased content of he-
moglobin by 3, 2 times (54.92+0.23 and
17.13+0.23%) and thrombocytosis by 2.5
times (21.90+0.15 and 8.84+0.16%).

In parallel with the increase in the
content of erythrocytes and platelets,
the levels of hematocrit (43.42+0.40
and 40.23+0.39%, p<0.001) and throm-
bocrit (0.27+0.012 and 0.23+0.007%, p=
0.028). Low air temperatures have a sig-
nificant impact on the function of oxygen
transport in the body, exposing it to the
development of pathological processes.
[7]. It is known that the inhabitants of the
North have a low life expectancy of eryth-
rocytes, the average content of hemoglo-
bin in them. Changes in the shape of red
blood cells and thickening of their cell wall
reduce the activity of providing oxygen to
tissues [8; 10]. A decrease in blood flow
velocity and an increase in the content of
erythrocytes and platelets contributes to
the activation of the process of erythro-
cyte aggregation in microvessels, caus-
ing hypoxia. Previously, we have shown
that the activity of aggregation of eryth-
rocytes, platelets and leukocytes of pe-
ripheral venous blood in residents of the
Arctic is 1.5-2.5 times higher than that in
people living in the European North of the
Russian Federation [20]. The mechanism
for compensating for impaired oxygen
supply to tissues is the increased forma-
tion of hemoglobin.Most likely, a parallel
increase in the content of erythrocytes,
platelets, hematocrit and thrombocrit
levels, hemoglobin concentration can be
considered as a mechanism for adapta-
tion to an increased need for O, in the
Arctic. An increase in hematocrit leads to
a slowdown in blood flow velocity, creat-
ing favorable conditions for aggregation
of erythrocytes in microvessels and ad-
hesion of leukocytes on vessel walls [9].
It has been shown that during short-term
general cooling at t-25°C for 5 minutes,
an increase in hematocrit is associated
with an increase in the concentration of
endothelin-1 and irisin, which indicates
the activation of vasoconstriction and
heat production [12].

In the surveyed residents of the Mur-
mansk region, the total content of leuko-
cytes in the blood is higher due to lym-
phocytes, neutrophils, incl. stab and seg-
mented forms, respectively, monocytes,
eosinophils and basophils (table 2).

It is noteworthy that the residents of
the polar village, compared with the com-
parison group, have a 7 times higher fre-
quency of registration of leukocytosis, 9
times higher - lymphocytosis, 5.5 times
- neutrophilosis, 4 times - monocytosis,
13 times - eosinophilia and 8 times - ba-
sophilia (Fig. 1.).

In the examined persons of the Mur-
mansk region, an increase in the con-
tent of stab neutrophils was recorded in
the blood, which indicates a shift in the
leukocyte formula to the left. Along with
increased concentrations of blood cells
in the examined individuals, almost the
same level of leukopenia was record-
ed, but the frequency of registration of
lymphopenia in residents of the Arkhan-
gelsk region was 3 times higher, neutro-
penia - 2 times and monocytopenia - 3
times (Fig. 2.).

Phagocytosis activates the body's
immune defense reactions, ensuring
the duration and activity of the immune
response. The phagocytic activity of neu-
trophils is on average lower in residents
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of the Murmansk region (51.46+0.92 and
65.42+1.10, p<0.001) without changing
the phagocytic number (5.46+0.10 and
5.52+0,25 pcs.) with a 4-fold higher fre-
quency of active phagocyte deficiency
(47.62% versus 12.71%). The lack of
phagocytic protection may be associated
with the predominance of immature neu-
trophils.

An increase in the total content of
lymphocytes in residents of the village.
Revda occurs mainly due to cytotox-
ic lymphocytes CD8+, natural Killers
CD16+ and CD56+ (Fig. 3.), which is
confirmed by the high frequency of reg-
istration of these cells (respectively in
34.92%, 52.7% and 16.51% of cases)
and indicates activation of cell-mediat-
ed and antibody-dependent cytotoxicity.

It is known that the mechanism of the
cytotoxic action of natural killers and cy-
totoxic T-lymphocytes is associated with
the content of perforin and granzyme
granules, which have lytic activity with
subsequent DNA degradation and pro-
grammed cell death [21].

In residents of the Murmansk region,
the concentration of the pro-inflamma-
tory cytokine IL-6 is significantly higher
(13.79+0.80 pg/ml versus 3.05+0.28 pg/
ml, p<0.001), however, it is within the
physiological limits of the content. Ac-

Table 1

Erythrocyte and platelet parameters of venous blood in residents of the Arkhangelsk
and Murmansk regions (M+m)

Indicator

Residents of the Arkhangelsk
region (n=181)

Residents of the Murmansk
region (n=315)

Erythrocytes. 10° cells/l 4.58+0.05 4.83+0.05%**
Platelets. 10° cells/l 215+7.53 283.38+6.13%**
Hemoglobin. g/l 215+7.53 283.38+6.13%**

Note: *** p<(0.001 - significance of differences when comparing results

Table 2

Indicators of the cellular composition of venous blood in residents of the Arkhangelsk
and Murmansk regions (M+m)

Indicator, 10" cellst | KT EL e AED =™ | Murmansk region (n-315)
Leukocytes 5.32+40.12 7.50+£0.34%%%*
Lymphocytes 2.10+0.06 2.70+0.08%**
Stick-nuclear neutrophils 0.22+0.01 0.59+0.04***
Segmented neutrophils 2.50+0.08 2.88+0.12%**
Neutrophils 2.73+0.08 3.79+£0.21%**
Monocytes 0.36+0.02 0.68+£0.03***
Eosinophils 0.12+0.01 0.26+£0.02%**
Basophils 0.04+0.01 0.15+0.02%**
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cording to the available data, a sharp
increase in the content of the pro-inflam-
matory cytokine IL-6 was found during
hypoxia [14]. IL-6 is the main stimulator
of acute phase reactions, accompanied
by increased blood viscosity and an in-
crease in the number of active plate-
lets, promotes inflammation of vascular
smooth muscle cells and activation of en-
dothelial cells, inducing the expression of
chemoattractant proteins and adhesion
molecules [19].Indeed, the concentration
of free intercellular adhesion molecules
sCD54 (202.96+6.11 and 173.92+13.18
ng/ml, p<0.001) and sCD62L (8.44+0.76
and 4, 38+0.62 ng/ml, p<0.001), which
are capable of forming the formation of
cell conglomerates, autorosettes and
clusters [13]. The concentration of pro-in-
flammatory IFN-y is 6 times higher in res-
idents of the Arctic (74.74+6.77 versus
12.14+0.22, pg/ml p<0.001) and is con-
firmed by an increased registration rate
of 72.38+0.27% cases.

In 14.60% of the inhabitants of the vil-
lage. Revda revealed increased concen-
trations of reagins (79.72+11.23 versus
55.32+10.16 IU/ml, p<0.01), which corre-
sponds to a higher content of T-lympho-
cytes with the Fc IgE receptor (0.53+ 0.04
versus 0.30+£0.02X109 cells/I; p<0.001)
in 32.06% of cases. IgE binds to lympho-
cytes, macrophages, monocytes, eosin-
ophils, mast cells and basophils. The Fc
receptor for CD23 reagins is involved in
the regulation of the response involving
immunoglobulins E [18]. The ability for
antibody-dependent cytotoxicity of mac-
rophages and eosinophils is carried out
through IgE binding. The inhabitants of
the village Revda, an increase in the con-
centration of IgE is interconnected with
an increase in the concentration of eo-
sinophils (r=0.87). Eosinophil peroxidase
binds to mast cell granules without losing
its activity [18]. On the surface of eosin-
ophils, there are 1gG, IgE, C3b, C4, Cls,
C3a, Cha receptors, the combination of
which with the antigen provides a cyto-
toxic effect, while the cytotoxic effect of
eosinophils is sharply enhanced by mast
cell secretion products [17].

Conclusion. So, in comparison with
people living in more favorable condi-
tions, residents of the Murmansk region
have a higher frequency of registration
of erythrocytosis, elevated hemoglobin,
thrombocytosis, as well as hematocrit
and thrombocrit. A parallel increase in
the content of erythrocytes, platelets,
hematocrit and thrombocrit levels, and
hemoglobin concentrations can be con-
sidered as a mechanism for adaptation
to an increased need for O2 in the Arctic.
A high frequency of registration of leuko-



cytosis by 7 times, lymphocytosis by 9
times, neutrophilia by 5.5 times, monocy-
tosis by 4 times, eosinophilia by 13 times
and basophilia by 8 times was revealed
against the background of a significant
level of deficiency of active phagocytes
(47.62% vs. 71%), which indicates an in-
creased need for immunocompetent cells
in tissues. A feature of the immunological
reactivity of the inhabitants of the polar
village is the predominance of reactions
of cell-mediated and antibody-dependent
cytotoxicity against the background of an
increase in pro-inflammatory cytokines
IL-6, IFN-y, reagins, intercellular adhe-
sion molecules sCD54 and sCD62L.

The work was carried out within the
framework of the program of fundamen-
tal scientific research of the N. Laverov
Federal Center for Integrated Arctic Re-
search of the Ural Branch of the Russian
Academy of Sciences, state no. topic
registration 122011800217-9.
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A LOCAL FOCUS OF ACCUMULATION

OF THE MITOCHONDRIAL FORM

OF HEARING LOSS IN EVENO-BYTANTAISKY
DISCTRICT OF YAKUTIA

Previously, the m.1555A>G mutation in the MT-RNR1 gene associated with the mitochondrial form of hearing loss was detected in one patient
from Eveno-Bytantaisky district of Yakutia. The aim of this work is to study the mitochondrial form of hearing loss in this region of Yakutia, which
probably has a local focus of accumulation of the m.1555A>G mutation in the MT-RNR1 gene. In the work, a clinical-genealogical, clinical-au-
diological and molecular-genetic examination of 72 residents of Eveno-Bytantaisky district was carried out for the presence of the m.1555A>G
mutation in the MT-RNR1 gene of mitochondrial DNA. As a result of molecular genetic analysis, among the examined individuals, the m.1555A>G
mutation was found in 6 people. Clinical and genealogical analysis, carried out up to the fifth generation, revealed that these six individuals belong
to three families (including 25 deaf people). In the examined individuals with the m.1555A>G mutation of the MT-RNR1 gene, clinical phenotype
variability was revealed - from normal hearing to bilateral hearing loss of Il degree, with a late debut (onset from 30 to 60 years). The revealed
variability is probably due to incomplete penetrance and requires further extensive research aimed at searching for genes that modulate nuclear

or mitochondrial genomes.

Keywords: a mitochondrial form of hearing loss, mutation m.1555A>G, MT-RNR1 gene, Eveno-Bytantaisky national dictrict, Yakutia.

Introduction. In the world, congen-
ital deafness is registered on average
1 per 1000 newborns and is one of the
most common diseases among children
in the world [3]. Both environmental and
genetic factors are thought to contribute
to the etiology of hearing loss. It is as-
sumed that about half of all cases of con-
genital or early childhood deafness are
due to hereditary causes [4]. For most
hereditary diseases associated with the
hearing loss, a large number of genes
and mutations have been identified that
cause their development; shows region-
al and ethnic differences in the spectrum
and frequencies of detected mutations
[Hereditary Hearing Loss Homepage:
https://hereditaryhearinggloss.org/]. Most
inherited forms of hearing loss are trans-
mitted in a number of generations in an
autosomal recessive manner, autosomal
dominant and X-linked recessive and mi-
tochondrial forms of hearing loss are less
common [5].

Although mitochondrial forms of hear-
ing loss are much less common than nu-
clear genome-related forms of deafness,
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they were among the first to be described.
Thus, in 1993, Prezant et al [6] described
a family case of hearing loss associated
with m.1555A>G of the MT-RNR1 gene
(OMIM 561000) [6]. At the same time, the
family members in whom this substitu-
tion was found showed incomplete pen-
etrance - the hearing phenotype varied
from profound hearing loss to completely
normal hearing. There is a hypothesis
that incomplete penetrance during the
m.1555A>G substitution in the MT-RNR1
gene of mitochondrial DNA is probably
due to the use of aminoglycoside antibi-
otics [6-8]. This hypothesis is based on
the fact that when adenine is replaced by
guanine at position 1555 in the A site of
human 12S rRNA, C-G pairing occurs,
which leads to similarity with the A site of
bacterial 16S rRNA, which is a target for
aminoglycoside drugs [7]. Currently, most
antibiotics from this series are used only
for the treatment of severe infections [9].
However, in many developing countries,
they are often used as broad-spectrum
drugs [10-12]. In addition, modifier genes
most likely located in the nuclear genome
can influence the phenotypic manifesta-
tion of the mutation [13], it is less likely
that the mitochondrial background can
have a modulating effect, since this mu-
tation was found on various mtDNA hap-
lotypes [14, 16].

It is now known that the frequency
of the m.1555A>G mutation of the MT-
RNR1 gene among patients with hear-
ing impairments in different regions of
the world varies widely, on average from
0.27% in Australia to 4.42% in Asia [2] .
However, the worldwide maximum occur-

rence of the m.1555A>G mutation among
patients was registered in Spain - 20%
[8, 17], and a relatively high mutation
frequency was shown in Morocco - 3.6%
[18], China - 5, 1% [19], Indonesia - 5.3%
[20] and Japan - 5.4% [21]. Among Rus-
sian patients, the m.1555A>G mutation
of the MT-RNR1 gene was previously
registered only in a sample from St. Pe-
tersburg with a frequency of 0.8% (one
Russian patient), and in a sample from
Yakutia (one patient from the Eveno-By-
tantai region), with a frequency of 0.57%
and was not found among the examined
deaf people from the Republic of Altai
and the Volga-Ural region [1]. In another
study, among the examined 108 individ-
uals with hearing impairments in Yaku-
tia, the m.1555A>G mutation of the MT-
RNR1 gene was not found (0/108) [2].

Due to the fact that m.1555A>G of the
MT-RNR1 gene most likely has a local
distribution, the aim of this study was to
study the mitochondrial form of hearing
loss in Eveno-Bytantaisky district of Ya-
kutia.

Materials and methods. Sample.
To study cases with hearing loss of un-
known etiology, a survey was conduct-
ed among residents of the Eveno-By-
tantaisky district. The sample consisted
of 72 individuals (68 from the village of
Batagay-Alyta, 4 from the village of Kus-
tur). Of these, males accounted for 34.7%
(n=25), females - 65.2% (n=47). Average
age - 44+17.21 years. Ethnic composi-
tion of the sample: Evens - 48 people.
(66.6%), Yakuts - 22 people. (30.5%),
Evenk - 1 person. (1.4%), mixed eth-
nicity (Even / Yakut) - 1 person. (1.4%).
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Clinical and audiological analysis.
Assesment of level of hearing impairment
was performed using threshold tone au-
diometry using a MAICO ST 20 audiom-
eter (Germany) for air conduction at fre-
quencies of 0.25, 0.5, 1.0, 2.0, 4.0, 8.0
kHz and for bone conduction at frequen-
cies of 0.25, 0.5, 1.0, 4.0 kHz step 5.0
dB. The degree of hearing loss was as-
sessed by the average threshold of hear-
ing in PTA, .04, KHz according to the
WHO classification: | degree - 26.0-40.0
dB, Il degree - 41.0-55.0 dB, Ill degree -
56.0-70.0 dB, IV degree - 71.0-90.0 dB,
deafness -> 91.0 dB.

Clinical and genealogical analysis.
To conduct a clinical and genealogical
analysis, the collection of anamnestic
data was carried out according to the
individual card developed by us, which
included information about the main
ENT diagnosis, the probable cause of
hearing loss, age at the onset of hearing
loss, the presence or absence of hered-
itary burden and concomitant diseases.
After collecting the necessary informa-
tion about the proband (a study partic-
ipant with hearing loss), data about the
siblings and parents of the proband, in-
formation about relatives on the moth-
er's side and on the father's side, a
pedigree was compiled. To confirm the
hereditary nature of hearing loss and
clarify the type of inheritance, segrega-
tion analysis (SF) was performed using
the Weinberg proband method [22-24].
The following formulas were used for
calculations:

To calculate the probability of register-
ing a trait in families (Fisher's method):

m=3yn/yr, (1)
where: 1T - probability of registration; n is
the number of all probands in all proper-
ties; r - the number of affected in all sib-
stv;

To calculate the expected segregation
frequency of a trait in families:

SF=3%r-n/}s-n, (2)
where: SF - expected segregation fre-
quency, r - number of affected in all sibs,
n - number of all probands in all sibs, s -
total number of sibs in sibs;

To calculate standard deviation:

o0 =SF (1-SF)/¥s—n, (3)
where: o - standard deviation, SF - ex-
pected segregation frequency, s - total
number of sibs in sibs; n is the number of
all probands in all properties;

To test the hypothesis about the type
of inheritance:

t = SF, - SF/q, (4)
where: t - Student's t-test, SF - theoret-
ically expected segregation frequency,
SF - expected segregation frequency, o
- standard deviation.

Molecular genetic analysis. Ge-
nomic DNA was isolated from venous
blood using a standard method using
phenol-chloroform extraction followed
by enzymatic digestion with proteinase
K. To detect the m.1555A>G mutation of
the MT-RNR1 gene (mitochondrially en-
coded 12S RNA; NCBI, Gene ID: 4549;
NC_012920.1) the PCR-RFLP method
was applied. The sequences of oligonu-
cleotide primers for gene fragment ampli-
fication included forward primer F5'GCT-
CAGCCTATATACCGCCATCTTCAG-
CAA3', and reverse mismatch primer
R5'TTTCCAGTACACTTACCATGTTAC-
GACTGG3'; creating a restriction site for
the Haelll endonuclease. Visualization of
the results of PCR-RFLP analysis was
carried out using electrophoretic sep-
aration of restriction products in a 3%
agarose gel with ethidium bromide in UV
light.

Ethical control. The surveys included
in the scope of this research work were
conducted after the informed written con-
sent of the participants. The research
work was approved by the local commit-
tee on biomedical ethics at the YSC CMP
in 2019 (Yakutsk, protocol No. 7 dated
August 27, 2019).

Results and discussion. Clinical
genealogical, clinical audiological and
molecular genetics analyzes were per-
formed in 72 people for the presence
of the m.1555A>G mutation in the MT-
RNR1 gene of mitochondrial DNA. As a
result of molecular genetic analysis, the
studied mutation was found in 6 out of
72 examined people. Clinical and audio-
logical analysis showed that the hearing
loss was clinically significant in 4 people,

and in two people the hearing thresholds
were within the normal range (Table 1).

As a result of clinical and genealogical
analysis, carried out up to the fifth gener-
ation, it was found that these six individu-
als belong to three families, including 25
affected people. Fragments of pedigree
families with the m.1555A>G mutation of
the MT-RNR1 gene are shown in Figure.

Since only family members available
at the time of the study were tested for the
m.1555A>G mutation in the MT-RNR1
gene, as well as the fact that hereditary
forms of hearing loss are characterized
by extremely high heterogeneity, it was
important to confirm that the identified
cases are associated with the mitochon-
drial form hearing loss. In this regard, a
segregation analysis was carried out. For
the correctness of the analysis (calcula-
tion is carried out only among siblings),
out of 25 individuals with hearing loss, 4
people were excluded: family 1, IV-1 was
not taken into account, since he was not
biologically related (husband IV-2); family
2, 1-2 no data on sibs, II:1 half-sibs; fami-
ly 3, proband II-1 adopted (Figure). Data
used for segregation analysis is present-
ed in Table 2.

When establishing the hereditary na-
ture of a pathological trait (deafness/
hearing loss) in families, the probability
of registration (1) of the trait (probability
probability) according to the Fisher meth-
od (1) was:

m=9/21=043

The resulting probability of registering
a trait (m = 0.43) indicates its hereditary
nature and corresponds to multiple in-
complete registration, where 0 < 1 < 1

[23, 24].
Table 1

Clinical and audiological characteristics of individuals with the m.1555A>G mutation
of the MT-RNR1 gene

Family|Cipher| Sex |[Ethnicity| Age

Age of onset

of HL Case of HL

Hearing status

I1I-11 |Female| Yakut |56 years

Normal - -

III-25 |Female| Even |62 years

Bilateral
sensorineural HL
(of IV degree
(Moderate)

Female| Yakut |42 years

Bilateral
sensorineural
HL of III degree
(Moderate)

30 years | Hereditary

Female| Even |4 years

Normal - -

Female| Even |54 years

Bilateral
sensorineural
HL of III degree
(Moderate)

48 years -

3 II-1 |Female| Even

62 years

Bilateral mixed HL
of I degree (Mild)

60 years | Age-related

Note: "-" - no answer or data not available.



. YAKUT MEDICAL JOURNAL

The segregation frequency (SF) (2) or
the expected proportion affected for all
sings (3) was:

SF=21-9/40-9=12/31=0.39
0 =+0.39 x (1-0.39)/40 - 9 = 0.1

The calculated segregation frequen-
cy, SF = 0.39, was higher in autosomal
recessive inheritance (SF, = 0.25), since
all probands had hearing parents, ex-
cept for three nuclear families with one
affected parent. Further, the obtained
frequency was compared with the theo-
retically expected one for different types
of inheritance (SF, = 0.25 - autosomal
recessive (AR), SF, = 0.50 - autosomal
dominant (AD)) using Student's t-test
(4). As a result, negative values were
obtained (t = 0,25 - ¥0,39/0,1 = -1,7; t
= 0,50 - ¥0,39/0,1 = -1,4.), which refute
these types of inheritance.

In general, given the results of seg-
regation analysis, which did not confirm
the autosomal dominant and autosomal
recessive types of inheritance, it can
be assumed that the most likely type of
transmission of the disease in a number
of generations is the mitochondrial type
of inheritance. The obtained results tes-
tify in favor of a local focus of accumula-
tion of hearing impairment in Eveno-By-
tantaisky district of Yakutia, associated
with the mitochondrial form of hearing
loss associated with m.1555A>G of the
MT-RNR1 gene.

Family 1 in family 1, 11 people were
examined, according to which a clinical
and genealogical analysis was carried
out up to the fifth generation, as a result
of which it was possible to obtain infor-
mation about 19 people affected by deaf-
ness who belonged to this family (Figure).
In this family, testing for the presence of
the mutation was carried out in 11 family
members (9 nuclear families), of which
four people had the m.1555A>G muta-
tion in the mitochondrial DNA MT-RNR1
gene. Despite the results of segregation
analysis that the type of transmission of
the disease in a number of generations
does not contradict the mitochondrial
type of inheritance, in family 1, cases of
“slippage” of the pathological trait were
identified, which are likely due to incom-
plete penetrance or incomplete informa-
tion about the hearing status of members
of this family in the first two - three gen-
erations (Figure). According to the results
of the clinical and audiological analysis,
two family members had a clinically sig-
nificant hearing loss (111:25 and 1V:8), and
two (Ill:11 and V:17) had hearing thresh-
olds within the normal range (Table 1).
Thus, in this family, the m.1555A>G mu-
tation of the MT-RNR1 gene was found
among two hearing family members. The

Family 1

Family 2

7|8 #10 11’?13
ut)

1.2 3 4|15 6 7 8

Family 3
I OTL—;I
"
1 ]!
Mut
Pedigree Symbols:
Q) - Female []- Male [l @ - Deafness/Hearing loss
@ - Sibs (hearing normal) Jzﬁ - Deceased
N - MNormal (wild type) DO- Divorce
Mut- m.A1555G |-V - Generation number
T - Proband :
! - Examined [‘] - Adopted

Pedigrees of families with the m.1555A>G mutation of the MT-RNR1 gene

Table 1

Segregation analysis in families with deafness cases from the Eveno-Bytantai region

Number of siblings .
with affected children Total number of children
=
= o
Number of nuclear 8 § _
Sibling size | family/probands 2 = Fs‘
(m) 1 3 4 aj L =
z
() - (s)
2 3 1 - - 5 6
3 2 1 1 - 4 2 6
4 1 - - 1 4 - 4
7 1 - - 1 4 3 7
8 1 1 - - 1 7 8
9 1 - 1 - 3 6 9
Total 9 3 6 8 21 19 40

revealed variability in the manifestation
of the phenotype may be due to incom-
plete penetrance associated with the use
of the aminoglycoside group of drugs,
which, as is commonly believed, can be
the main triggers of this form of hearing
loss [6, 7, 11]. However, according to the
results of the survey, it turned out that
the affected individuals did not associ-
ate hearing loss with taking medications,
and the onset of signs of hearing loss oc-
curs at a fairly mature age (from 30 to 60
years) (Table 1). In addition, it is known
that gene variants of the nuclear or mito-
chondrial genomes may have a modulat-
ing effect, or this may be associated with
a different level of heteroplasmy. Thus, in
one member of this family with hearing
loss (IV-3), the m.1555A>G mutation in
the MT-RNR1 gene of mitochondrial DNA
was not identified (Figure).

Family 2 in family 2, two sisters with
hearing loss were examined (Il:7 and
11:9), according to which, in this family
there are three more family members
(siblings and mother) with signs of hear-
ing loss. As a result of the clinical and
genealogical analysis carried out in this
family, it was possible to draw a pedigree
line up to the fourth generation. It should
be noted that as a result of molecular ge-
netic analysis, the m.1555A>G mutation
was found only in one of the sisters (lI:7),
while this mutation was not detected in
the other (I1:9) (Figure). In this case, as
in family 1, where no mutation was iden-
tified in one of the affected members
of family 1 (1V:3), there may be several
explanations for the lack of segregation.
One of the most likely reasons may be
different levels of mtDNA heteroplasmy
[25] in different organs and tissues, which



makes it difficult to detect this mutation
from DNA samples isolated from venous
blood. Another likely reason may be the
lack of maternal biological relationship
between the examined individuals. How-
ever, given the common pathological
phenotype present in both sisters, this
variant is less likely.

Family 3 in family 3, only a 62-year-
old female proband (II-1) was examined,
in which the m.1555A>G mutation of the
MT-RNR1 gene was found (Figure). The
patient's hearing loss was characterized
as bilateral mixed hearing loss of the first
degree (Table 1), and the onset of the
disease was at 60 years of age. Since the
proband was an adopted child, it was not
possible to conduct a clinical and genea-
logical analysis in this family.

Conclusions

1) As a result of molecular genetic
analysis, among the examined 72 individ-
uals from the Eveno-Bytantaisky national
region, the m.1555A>G mutation of the
MT-RNR1 gene was found in 6 people. At
the same time, hearing loss was clinically
significant in 4 people, and in two peo-
ple, hearing thresholds were within nor-
mal limits. The revealed clinical variability
of the phenotype in individuals with the
m.1555A>G mutation of the MT-RNR1
gene - from normal hearing to bilateral
hearing loss of the Ill degree, is proba-
bly due to incomplete penetrance and re-
quires further extensive research aimed
at searching for modulator genes of the
nuclear or mitochondrial genomes.

2) As a result of clinical and genealogi-
cal analysis, it was found that these six in-
dividuals belong to three families, includ-
ing 25 people affected by deafness, in
which hearing loss segregated according
to the mitochondrial type of inheritance.
Thus, the study revealed a local focus
of accumulation of hearing impairment
in Eveno-Bytantaisky district of Yakutia,
associated with the mitochondrial form of
hearing loss associated with m.1555A>G
of the MT-RNR1 gene. The revealed ab-
sence of the m.1555A>G mutation of the
MT-RNR1 gene in two deaf people from
two different nuclear families, in which
the mitochondrial type of inheritance was

traced, may indicate a different level of
mtDNA heteroplasmy.
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THE ROLE OF ASSORTATIVE MARRIDGES
AMONG DEAF IN THE PREVALENCE
OF HEREDITARY HEARING LOSS

The article presents an overview of the role of assortative deafness marriages in the spread of hereditary hearing loss. In 1883, Alexander
Graham Bell, the famous inventor of the telephone, first suggested that frequent marriages between deaf people could lead to an increase in the
incidence of deafness, but this hypothesis was not recognized by his contemporaries. In the 2000s, with the development of molecular genetic
studies, which made it possible to identify one of the most common forms of hearing loss due to gene mutations GJB2, connexin 26, which encodes
the interstitial contact protein, has been reinterpreted by Walter Nance. In the series of studies, he and his coauthors were able to show that the
reproductive capabilities of the deaf have increased, and marriages between the deaf occur not by chance, but by the principle of assortativity,
which in total could lead to an increase in the prevalence of one of the most frequent "connexin” forms of hearing loss.

Keywords: hereditary deafness, sign language, assortative marriages.

The emergence of systematic sign
language education for deaf people. The
earliest known case of education for the
deaf dates back to XVI" century. The
lord of the city of Onya in the province of
Burgos in Spain, Juan de Velasco, sent
his two deaf sons, Francisco and Pedro,
to the monastery of San Salvador [29].
They were taught by the priest Pedro
Ponce de Leon. In teaching the brothers,
he applied more than 360 gestures which
were used during the vow of silence in
the monastery in various everyday situ-
ations. It is also assumed that additional
gestures were used, which the brothers
developed at home with their two deaf
sisters. In total, de Velasco had 9 chil-
dren, four of whom were deaf. His wife,
Juana Enrique de Riviera, was related
by blood to him, which was a common
practice for preserving wealth within the
family at that time. The father of the deaf
boys wanted to give them the opportuni-
ty to inherit the property in the event of
the death of the eldest hearing son and
received permission from the emperor to
do so. In this regard, he provided his sons
with a high level of education, as a result
of which they were able to learn to read
and write in Spanish, Greek and Latin. De
Leon used a mixed approach that includ-
ed writing, the sign (dactyl) alphabet, mo-
nastic gestures, and the" home" gestures
of the brothers. He later published his ex-
perience as a manuscript Doctrina para
los mudos sordo, the original and copies
of which are now considered lost [29].

In 1615, Manuel Ramirez de Carrion
was invited to Madrid to teach Luis Fer-

Yakut Science Centre of Complex Medical
Problems: ROMANOV Georgy Prokopievich
— junior researcher, gpromanov@gmail.com;
BARASHKOV Nikolay Alekseevich — PhD in
Biology, external researcher, head of the lab.

nandez de Velasco, the great-nephew
of de Leon's first students. De Carrion
taught Luis using the dactyl alphabet.
De Carrion was forced to leave and Luis
de Velasco was trained by Jean Pablo
Bonet, who learned methods of de Car-
rion. In 1620, he published Reduction de
las letras y arte para ensefiar a ablar los
mudos (trans.: "Letter reduction and the
art of teaching the mute to speak"), which
later became very important, being the
first book on ways of teaching the deaf.
Luis de Velasco himself also played an
important role in showing how highly ed-
ucated a deaf person can be [29].

The recognition of sign language as a
distinct language, as well as the develop-
ment and implementation of a curriculum
for its training, begins with Charles-Michel
de I'Epée. I'Epée was born to a wealthy
family in Versailles and was studied to
be a priest, but was forbidden to preach.
He found his vocation by chance when
he met two deaf girls who were taught
from pictures. He believed that faith and
salvation of the soul should not depend
on hearing and can be achieved through
gestures. Using his father's house and
his own funds, I'Epée founded the first
free school for the deaf in 1760. His first
publication appeared in 1774, in which
he defined and published the syntax of
sign language [1]. At the same time, the
first school for the deaf in Germany was
opened in 1778. Its founder was Sam-
uel Geinicke, who began teaching the
deaf in 1754. He considered the sound
method and spoken language necessary
for a full-fledged education. In turn, it
was based on the writings of the Dutch
physician Johann Conrad Ammann,
who left two works "Surdus Loquens"
(Amsterdam, 1692) and "Dissertatio de
loquela"(Amsterdam, 1700). These two
works were reprinted many times (7th
edition in 1740) and were translated into

French and German. They served as a
basis for subsequent teachers of the deaf
and dumb, especially Geinicke, in their
further research.

Alexander Bell's hypothesis on the
relationship between congenital forms of
deafness and marriages between deaf
people. In 1883, Alexander Graham Bell,
the famous inventor of the telephone, in
his speech at the National Academy of
Sciences of the United States for the first
time suggested that frequent marriages
between deaf people can lead to an in-
crease in the incidence of deafness [3].
Bell himself was quite familiar with the
problems of the hard of hearing and the
deaf, as his mother began to lose her
hearing when he was 12 years old [12].
To communicate with her and help her
understand others Bell learned sign lan-
guage [17]. Alexander Bell at the begin-
ning of his career followed in his father's
footsteps, a linguist who developed the
so-called "visible speech" system. Visible
speech is a phonetic alphabet and writ-
ing system, the main feature of which is
a visual representation of the position of
the organs of the articulatory apparatus in
the pronunciation of phonemes [5]. Alex-
ander Bell significantly improved the sys-
tem of visible speech. In 1871, Alexander
Bell was invited to the school for the deaf
and dumb in Boston (USA) to teach their
teachers this system. In 1872, he opened
the" School of Voice Physiology and
Speech Mechanics" in Boston, which at-
tracted a large number of deaf students.

Like many scientists of the time, Bell
was very interested in the science of he-
redity, which had become popular since
the publication of Charles Darwin's work.
On his estate, he conducted long-term
experiments in breeding [5]. Bell's ob-
servations on deafness showed that the
proportion of deaf children born to deaf
parents is many times higher than the



proportion of deaf children born in the
general population. He published his ob-
servations and reflections in a report of
1883, which caused heated discussions.
But at the end, he was unable to devel-
op any theory to explain his assumptions
and observations [19].

Bell's initiative was continued by Ed-
ward Allen Fay, Vice President of Gal-
laudet College for the Deaf (Gaulladet)
and the editor of “American Annals of the
Deaf” journal [18, 19]. Bell gave him all
the pedigrees he had collected. Over a
six-year period, Fay and his assistants
were able to collect information on more
than 8,500 people from an analysis of
the pedigrees of 4,471 marriages among
Gallaudet College graduates and grad-
uates of other boarding schools for the
deaf across the United States, from 1803
to 1894 [13]. Their findings did not sup-
port Bell's arguments, but neither did they
refute his critics. As Bell had suspected,
there was a link between deafness and
heredity. For example, among the sam-
ple of children with one or both deaf par-
ents, 9% were also deaf, compared to the
incidence of hearing loss in the general
population, which was approximately 1
per 1000 newborns. However, a smaller
percentage of deaf offspring were born
to couples in which both parents were
deaf than to deaf-hearing couples. At the
same time, 76% of the analyzed marriag-
es were between two deaf people. The
presence of deaf relatives and consan-
guinity of parents were the factors most
strongly increasing the probability of hav-
ing a deaf child [13], but these studies
were not continued.

Confirmation of the hypothesis by Wal-
ter Nance. Later the scientific community
usually ignored Bell's suggestion, giv-
en the assumed large number of genes
associated with deafness. So, James
Crow and Joseph Felsenstein, based on
the classic works of Ronald Fischer and
Sewell Wright [14, 31], showed that as-
sortative marriages (marriages based on
similarity of traits), in the absence of se-
lection pressure, affect only genotype fre-
quencies, and not gene frequencies [31].
Regarding deafness, they concluded that
if the phenotype is due to genes with the
similar frequency in 35 loci (as was then
considered [11]), then even intensive as-
sortative marriages, in the absence of se-
lection, will give only a 2-3% increase in
the incidence of deafness [31].

In the 1970s, a comparative analysis
of the work of Edward Fay was published
[13] with up-to-date data from the annu-
al study of children with hearing loss at
Gallaudet University, which included in-
formation on 12,665 cases [27;28]. In the

works of Susan Rose, for the first time,
the concept of complementary and non-
complementary marriages is used when
analyzing assortative marriages of deaf
people based on the state of hearing of
their offspring. Complementary marriag-
es are defined as marriages between
deaf married partners with different eti-
ologies of hearing loss (acquired hearing
loss in one of the partners or mutations
in various genes associated with hearing
loss); in such marriages, there may be
only hearing or, in some cases, both deaf
and hearing children. Noncomplemen-
tary marriages are marriages between
deaf people who share the same genetic
cause of hearing loss — the presence of
biallelic recessive mutations of the same
gene. All children of such a married cou-
ple will also be deaf and have the same
genetic etiology of hearing loss as their
parents (Fig. 1).

The results of Susan Rose show that
between XIX and XX centuries, the pro-
portion of children with one or two deaf
parents has increased by 38% from
0.064 to 0.089. Among assortative mar-
riages, the proportion of noncomplemen-
tary marriages also increased by 23%
from 0.29 to 0.36. In these two large-
scale samples, Susan Rose conducted a
segregation analysis and concluded that
49% of cases of deafness were sporadic.
Among inherited forms, 12% - 14% were
classified as autosomal dominant with
incomplete penetrance, and 86% - 88%
of cases were identified as autosomal
recessive. It was assumed that they are
caused by genes in 10 independent loci,
probably distributed with the same fre-
quency [27;28].

In the end of the XX™ century, ideas
about the high heterogeneity of heredi-
tary hearing loss have changed dramat-
ically. It became clear that hereditary
deafness associated with the DFNB1 lo-
cus (autosomal recessive deafness type
1A), in which the GJB2 (Cx26) gene was
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mapped, is the most frequent one [7;16].
Mutations in this gene have been found to
be a major cause of autosomal recessive
nonsyndromic congenital hearing loss in
many populations [6-9;20;22;23;26]. New
molecular genetic data suggesting that
up to half of all cases of inherited hearing
loss are caused by mutations in a single
gene — GJB2, became a big discovery
[16 — 23], and subsequently led to a re-
thinking of many previously existing con-
cepts about the extremely high heteroge-
neity of this pathology.

The very fact of identifying one ma-
jor form of hearing loss provided an
opportunity to rethink Alexander Bell's
hypothesis that assortative marriages
between deaf people can contribute to
an increase in their number due to an
increase in the proportion of noncomple-
mentary marriages in which hearing loss
in both spouses is due to the same ge-
netic cause. So, in 2000, Walter Nance
suggested that in all noncomplementary
marriages from the Edward Fay data sets
[13] and Susan Rose [27;28], hearing
loss may have been caused by mutations
in the gene GJB2 (“connexin deafness”).
In this case, it is possible to indirectly es-
timate the contribution of these mutations
by the proportion of nhoncomplementary
marriages. The proportion of such mar-
riages will be equal to the fourth power of
the frequency of the corresponding mu-
tant allele in a given population, i.e. g?xq?,
where @?it is the proportion of "connexin
deafness" in the population. Rose's data
showed that among 1,299 fertile assor-
tative marriages, 4.2% were noncom-
plementary, and then the contribution of
connexin form of hearing loss to XIX it
was approximately equal to g% = 70,042 =
0,204 (20.4%) [24]. Walter Nance and his
colleagues noted a significant increase in
the proportion of “connexin deafness” in
the United States between XIX and XX
centuries, by comparing the 20.4% with
modern, at that time, data - 35.6% [4].
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Fig. 1. Types of assortative marriages for deafness
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Based on this, it was hypothesized
that frequent assortative marriages be-
tween deaf individuals, combined with
their increased fitness (genetic fitness),
could lead to an increase in the incidence
of hereditary hearing loss in the United
States [24;25]. Walter Nance and his col-
leagues suggested that in the previous
millennium, the fitness of individuals with
congenital deafness was very low, and
that the frequencies of deafness genes
were in balance [25]. Introduction of sign
language in Europe ~300 years ago [29]
is one of the key events that significantly
improved the social and economic condi-
tions of the deaf, as well as their fitness.
Genetic fitness of the deaf, in the works
of Walter Nance, is measured by relative
fertility, which is defined as the ratio of the
average number of children in a sample
of deaf and hearing individuals. An exam-
ple of calculating relative fertility is shown
in the fig.2.

In many countries, schools for the
deaf and hard of hearing have been es-
tablished, which has facilitated the choice
of a marriage partner based on sign lan-
guage skills, i.e. linguistic homogamy.
The increased fitness of deaf individuals,
in turn, can be interpreted as a relaxation
of the selection pressure directed against
deafness. In this connection, it has been

3.0

suggested that the combination of “re-
laxed selection” and assortative marriag-
es should give an advantage to the most
common form of autosomal recessive
deafness in the population [24], and may
also be relevant to the evolutionary hy-
pothesis about the mechanism of speech
gene fixation in Homo Sapiens [25].
Computer modeling of the prevalence
of hereditary hearing loss with relaxed
selection. To test their hypothesis, Wal-
ter Nance and his colleagues conducted
computer simulations aimed at assessing
the impact of assortative marriages and
reducing deafness selection pressure on
the prevalence of autosomal recessive
deafness [25]. The results of modeling
showed a change in the frequency of
deafness since the beginning of attenu-
ation of selection, both in the presence
and absence of assortative marriages
[25]. In addition, it is known that assor-
tative marriages increase the phenotypic
expression of alleles, then they modulate
the effect of selection pressure on these
alleles, therefore, increased fithess will
contribute to an increase in the number
of deaf individuals [25]. At the same time,
the increase in the occurrence of deaf-
ness was accompanied by an increase in
the frequency of the recessive allele and
significantly accelerated in the presence
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of assortative marriages, which may ex-
plain the doubling of the occurrence of
the "connexin" form of deafness in the
United States within 200 years [25]. At
the same time, it was shown that the ef-
fect of assortative marriages is limited to
the form of recessive deafness that was
most common at the beginning [25].

The next study devoted to this top-
ic was the analysis of modern data on
311 marriages of graduates of Gallau-
det University (Gallaudet University) in
comparison with the data of Edward Fay
[13], which revealed a more than 5-fold
increase in the proportion of noncomple-
mentary marriages: from 4.2% to 23%
[1]. From these data, we can estimate the
increased contribution of the "connexin"
form of hearing loss to the etiology of
deafness in the United States. The pro-
portion of noncomplementary deafness
marriages, equal to 4.2% in XIX century
[8] and 23% at the beginning XX centu-
ries [28], approximately correspond to
20.5% and 47.95% of the contribution
GJB2 due to hearing loss, respectively
(V0,042 = 0,2049, V0,23 = 0,4795). As
a result, the share of connexin deafness
increased by 134% over 100-200 years
in the United States [1;13]. At the same
time, it was shown that this growth is as-
sociated with linguistic homogamy [1].

Later, up-to-date data on reproduction
and marital structure in deaf individuals
were published based on a sample of
Gallaudet University graduates [15]. The
average number of children who were
deaf was lower than that of their hearing
Siblings, and the relative fertility rate was
0.88 [15]. However, it was higher than the
figures of the US Census of deaf people
thirty years ago — 0.74 [30], which indicat-
ed increased fitness (fithess) deaf people
and reducing the selection pressure for
deafness [15]. The proportion of assorta-
tive marriages was 0.79, and an analysis
of fertility rates after stratification by type
of marriage showed that more children
are born in assortative marriages (2.11)
than in marriages between deaf and
hearing individuals (1.85), suggesting the
influence of many factors on the fertility
of deaf people [15]. Thus, in the present-
ed series of works [1;15;24;25]. Walter
Nance and his colleagues were able to
provide evidence for the hypothesis that
frequent marriages between deaf people,
combined with a relaxed selection pres-
sure, may indeed have led to an increase
of the “connexin” deafness in the United
States since XIX century (fig. 3).

Another group of researchers from
Gallaudet University also studied the
effect of assortative marriages between
deaf people on the prevalence of auto-
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Fig. 3. GJB2 mutation frequency increase in the USA over 200 years [1;13;24]

somal recessive deafness and the fre-
quency of corresponding alleles to dou-
ble-check Walter Nance's hypothesis
based on Alexander Bell's assumption
[12]. Using data from the modeling work
of Nance and Kearsey [25], Derek Brown
et al. conducted computational experi-
ments using an agent-based model. They
showed that the proportion of recessive
homozygotes was 23% higher in the pop-
ulation with 90% assortative deafness
marriages (q2 = 0.022%) than in the popu-
lation without assortative marriages (g? =
0.017%) when modeling over 20 genera-
tions [12]. It was shown that the increase
in the occurrence of autosomal recessive
deafness is limited to the first three gen-
erations, which also corresponded to
calculations performed according to the
theoretical calculations of Crow and Fel-
senstein (1968) [10]. Additionally, model-
ing was performed with different values
of the average number of children in deaf
people, as a result of which it was shown
that the frequency of the recessive allele
increased with a relative fertility value of
1.5 times or higher, when combined with
assortative marriages [12]. The conclu-
sions drawn in the work of Brown and his
colleagues are generally consistent with
the data obtained by Nance [25], adding
some clarifications regarding the impact
of reduced reproduction and the propor-
tion of non-hereditary forms of hearing
loss [12].

In conclusion, it should be noted
that the simulation models proposed by
Nance [25] and Braun [12], are based on
retrospective data from the XIX century.
These studies have been aimed at con-
firming the role of assortative marriages
by deafness in increasing the incidence
of the “connexin” deafness that has oc-

curred since the emergence of perma-
nent communities of deaf people more
than 200 years ago. Currently, there
are no models to assess the prevalence
of inherited forms of hearing loss in the
future, taking into account the changed
social environment and current trends in
society aimed at improving social equali-
ty. Development and growing availability
of modern medical technologies, such
as cochlear implantation and various so-
cial rehabilitation programs for the deaf,
leads to their greater inclusion into soci-
ety and, as a result, unreduced reproduc-
tive capabilities. In such conditions, pre-
dicting the prevalence of inherited forms
of deafness can be used from a practical
point of view to plan the amount of nec-
essary medical and social care. In this re-
gard, it is relevant to develop mathemat-
ical models that predict the dynamics of
hereditary deafness under the influence
of relaxed or complete absence of selec-
tion pressure for deafness using modern
data.
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V.A. Markelov, K.V. Danilko

THE ROLE OF NEUROPILIN-1 (NRP1)
IN THE DEVELOPMENT OF SARS-COV-2

INFECTION

A review of the literature on the role of neuropilin-1 in the development of SARS-CoV-2 infection and a search for probable links between polymorphic
variants of the NRP1 gene and SARS-CoV-2 are presented. This review presents the characteristics of polymorphic variants of the NRP1 gene, which
demonstrate the possibility of their association with the course of SARS-CoV-2 infection.

Keywords: SARS-CoV-2 infection, neuropilin-1, polymorphic variants of the NRP1 gene.

Introduction. With the onset of the
SARS-CoV-2 coronavirus infection pan-
demic, it was necessary to understand
the mechanisms of penetration of this
pathogen into the cell and the mecha-
nisms of their interaction as early as pos-
sible. In 2020, it was found that the furin-
cleaved S1 fragment of the SARS-CoV-2
spike protein directly binds to cell surface
neuropilin-1 [6].

Neuropilin-1 (NRP1) is a transmem-
brane glycoprotein. The neuropilin-1 re-
ceptor plays a key role in the development
of the nervous and vascular systems, as
neuropilins mediate VEGF (vascular en-
dothelial growth factor) dependent an-
giogenesis and semaphorin-dependent
axonal growth direction. In addition, the
participation of neuropilins in a wide va-
riety of signaling and adhesive functions
has been studied, which indicates their
high role as pleiotropic coreceptors [12].
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NRP1 consists of 923 amino acids and
has a massive extracellular portion that
includes two tandem CUB domains (a1/
a2), two tandem domains homologous
to coagulation factors V/VIII (b1/b2), a
linker sequence, and one MAM domain
(C) that supports dimerization and mul-
timerization of neuropilin molecules and
promotes the formation of signal receptor
complexes [27]. The cytoplasmic domain,
which includes 44 amino acid residues,
contains a sequence of three C-terminal
amino acid residues (SEA-COOH) and
demonstrates high phylogenetic conser-
vatism [30].

Neuropilin-1 promotes the break-
down of the spike protein. Cleavage of
the SARS-CoV-2 S protein at the S1-S2
site results in the C-terminal sequence
TQTNSPRRAR-OH. AgNP nanoparticles
coated with the TQTNSPRRAR-OH pep-
tide sequence were efficiently taken up by
the neuropilin-positive cell culture. Inten-
sive uptake of AQNP-TQTNSPRRAR-OH
by the olfactory epithelium, neurons, and
blood vessels of the cerebral cortex has
also been shown [6]. NRP1 can modu-
late SARS-CoV-2 infection by stimulating
the separation of the S1 and S2 subunits.
Additional sites of interaction between
neuropilin-1 and the spike protein, which
function as additional points of connec-
tion with the lipid bilayer of the infected
cell, play a significant role [21]. In turn,

the results of isothermal titration calo-
rimetry demonstrate a direct relationship
between the b1 domain of NRP1 and
the synthetic S1 peptide (679-NSPR-
RAR-685) with an affinity of 20.3 uM at
pH 7.5, and this crystal structure showed
significant similarity [7] with the crystal
structure b1 domain of NRP1 in complex
with its endogenous VEGF-A ligand [28].

Functional and structural diversity
of binding sites for neuropilin-1 and
spike protein. The analysis of interac-
tion sites between SARS-CoV-2 S-pro-
tein and human neuropilin-1 deserves
special attention: amino acid residues
GLN280, ASP289, TYR322, ARG323,
TRP325, GLN327, ASP329, LYS359,
ASP361 have been identified as potential
binding sites in the b1 domain of NRP1.
Relationships are also observed be-
tween GLN3, ILE8, PHE29, ALA30 RBD
of SARS-CoV-2 S-protein domain and
ARG402, ARG405, LYS407 of NRP1 b1
domain [2]. The overlap of SARS-CoV-2
RBD checkpoints with the VEGF-associ-
ated NRP1 site is confirmed, and interac-
tion with GLN280 can serve as an exam-
ple [18]. In turn, the amino acid residues
TYR322, ARG323, TRP325, GLN327,
ASP329, LYS359, ASP361 are struc-
turally close to the VEGF-binding site
of NRP1; moreover, TYR297, ASP320,
SER346, THR349, TYR353 play a lead-
ing role in its structure [33]. All this indi-



cates that the binding of the SARS-CoV-2
S protein to the b1 domain of NRP1 sup-
presses the binding of VEGF to neuropi-
lin-1, which was shown by blocking the
VEGF-mediated increase in the activa-
tion of calcium and sodium channels [24].
Interestingly, the SARS-CoV-2 S-protein
RBD-domain (RBD) binds to LYS359 and
ASP361 [2], located in the sequence of
the neuropilin-1 adhesion site (347-364)
[ 33]. It should be noted that the recep-
tor-binding domain of the SARS-CoV-2
S-protein binds to the positively charged
conserved amino acid LYS/ARG359 [2],
which is necessary for the binding of
NRP1 and heparin [33], which plays a
significant role in the course and ther-
apy of COVID-19. [fifteen]. The amino
acid residues of THR316, PRO317, and
ASP320, as well as SER346, THR349,
and TYR353 of NRP1, form relative-
ly strong H-bonds with the positively
charged guanidine group and the neg-
atively charged carboxyl portion S1 of
the SARS-CoV-2 protein. The guanidine
group of ARG685 forms an electrostat-
ic bond with the negatively charged
ASP320 and forms hydrogen bonds with
the THR316, PRO317, and ASP320 res-
idues of neuropilin-1, while its C-terminal
carboxyl group forms hydrogen bonds
with SER346, THR349, and TYR353 of
NRP1 [20].

It is important to note that the con-
ditional boundary between the S1 and
S2 domains runs between amino acid
residues 685 (S1) and 686 (S2) of the
SARS-CoV-2 spike protein [21], while the
main site of interaction between the S1
protein and neuropilin-1 begins at 678
/682 [7; 24] position and ends at position
685 [7]. Moreover, it is arginine at posi-
tion 685 that is critical for SARS-CoV-2
S1 association with neuropilin-1 through
electrostatic interactions with the nega-
tively charged aspartic acid at position
320 and forms hydrogen bonds with
THR316, PRO317, and ASP320 amino
acids [20]. This destabilizes several ba-
sic interactions between S1 and S2. The
destabilization of the link between the
RBD domain of the S1 protein and the
686-1146 sequence of the S2 protein is
mediated by the interaction of RBD with
ACE2. However, the cleavage site at po-
sition 685/686 is still provided by S1 and
S2 binding. However, binding of the 682-
RRAR-685 motif to NRP1 at the cleavage
site provides accelerated S2 separation,
increasing virus infectivity [21].

Peculiarities of NRP1 expression
during SARS-CoV-2 infection. Although
NRP1 does not by itself mediate infec-
tion in cell culture, its co-expression with
ACE2 and TMPRSS2 markedly enhanc-

es infectivity. With isolated expression of
NRP1, lower levels of symptomatic infec-
tion load were observed [6].

A post-mortem study of 2 patients with
anosmia showed focal atrophy of the ol-
factory epithelium, leukocyte infiltration
of the lamina propria, and signs of axo-
nal damage to the olfactory nerve fibers
[19]. Thus, the extensive role of NRP1 in
the immunosuppressive function of reg-
ulatory T cells [5], extensive damage to
the lungs, olfactory epithelial cells, and
olfactory sensory neurons may be relat-
ed [13].

The lungs of COVID-19 patients show
characteristic vascular features. Histo-
logical analysis of pulmonary vessels in
patients with COVID-19 showed severe
thrombosis with microangiopathy. For
example, microthrombi in the alveolar
capillaries were 9 times more common in
patients with COVID-19 than in patients
with influenza, and in the lungs of pa-
tients with COVID-19, the number of new
vessels growing mainly through invagi-
nation angiogenesis was 2.7 times high-
er than in the lungs of patients. influenza
[1]. By controlling endothelial adhesion
and permeability, NRP1 may be involved
in pathological coagulation. By binding
the b1 domain of NRP1 and thereby
blocking traditional angiogenic ligands,
SARS-CoV-2 may contribute to vascular
dysfunction and coagulation throughout
the body [25].

It should be emphasized that ACE2
and TMPRSS2 have a relatively lower
level of expression in the CNS [14], there-
fore, most of the symptoms of COVID-19
in the CNS are usually attributed to the
consequences of damage to the periph-
eral systems of the body [3]. However,
convincing evidence has been presented
that the virus can infect cells via neuro-
pilin-1 [6;7]. Several studies have shown
that infected vascular endothelial cells
mediate the spread of SARS-CoV-2 to
glial cells in the central nervous system.
Thus, neuropilin-1 has been proposed as
a key factor in a wide range of neurolog-
ical manifestations of COVID-19 by in-
creasing the penetration of SARS-CoV-2
into the brain [4].

Significance of neuropilin-1 for the
immune response to SARS-CoV-2.
Neuropilin-1 has a strong effect on vi-
rus-induced production of INF-a by den-
dritic cells [31] a twofold lower virus-in-
duced production of IFN-a was shown in
anti-NRP1-treated dendritic cells com-
pared to untreated dendritic cells [11].
Thus, NRP1 may increase the suscep-
tibility of dendritic cells to SARS-CoV-2
infection by mediating the internalization
of the virus into uninfected cells, followed
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by the production and secretion of cyto-
kines, which can lead to a cytokine storm
and an increased risk of complications
[31].

The researchers highlight the ability of
the CD25+ CD4+ Foxp3+ subset of reg-
ulatory T cells to significantly influence
the immunological balance in COVID-19.
SARS-CoV-2 infection induces the tran-
scription of IL-2, which binds to soluble
CD25 in the blood, leading to CD28+
CD4+ mediated release of pro-inflamma-
tory cytokines [9].

Association of polymorphic vari-
ants of the NRP1 gene with multifacto-
rial diseases: the search for probable
links with SARS-CoV-2. Based on the
above data, we can assume the function-
al significance of polymorphic variants
of the NRP1 gene for the development,
course, and outcome of SARS-CoV-2
infection in humans. For example, it has
been reported that the rs10080 G>A
polymorphism is associated with reduced
NRP1 expression, and individuals carry-
ing the G allele may express lower levels
of neuropilin-1 in target cells, which may
influence the neuropathogenesis associ-
ated with COVID-19 disease [16].

An association of the polymorphic
variant rs2506142 (minor allele G) of
the NRP1 gene with the risk of devel-
oping standard and menstrual migraine
has been demonstrated [29]. In the de-
velopment of migraine, the regulation of
the concentration of cytosolic calcium
ions is of particular importance [35], and
the VEGF-A mediated effect of NRP1 on
nociceptive activation is expressed pre-
cisely in an increase in the total number
of sodium and calcium channels in the
neurons of the spinal ganglia. In turn, the
SARS-CoV-2 S protein inhibits prono-
ciceptive VEGF-A/NRP-1 signaling and
has an analgesic effect in chronic neuro-
pathic pain in rats [24].

Several studies reveal a significant
role of neuropilin-1 in the pathogenesis of
malignant neoplasms. Relatively high lev-
els of NRP1 expression were observed in
squamous cell carcinoma of the kidney,
hepatocellular liver cancer, thyroid can-
cer, and gastric adenocarcinoma; howev-
er, researchers note the involvement of
neuropilin-1 in pathological angiogenesis
as the leading mechanism of pathogen-
esis [22]. In this context, it is important
to recall that in the lungs of patients with
COVID-19, there is an active growth of
new vessels, mainly through the mecha-
nism of invagination angiogenesis [1].

The rs2228638 polymorphic variant is
of interest in the context of its influence
on the relationship between neuropil-
in-1 and SARS-CoV-2, since the SARS-



. YAKUT MEDICAL JOURNAL

CoV-2 S protein competes with VEGF-A
for interaction with neuropilin-1 [17; 24].
It has been shown that this polymorphic
variant is associated with several cardio-
vascular anomalies, and the main reason
for this association is a decrease in the
activity of NRP1 as a coreceptor in VEGF
intermolecular signaling [8].

The GA and AA genotypes of the
rs2070296 polymorphic locus are asso-
ciated with a weaker response to antian-
giogenic therapy via ranibizumab block-
ade of VEGF-A [23]. It is also important
to report the ability of the rs3750733 C/T
polymorphic variant of the NRP1 gene to
modulate VEGF-dependent angiogene-
sis [10].

For the group of polymorphic vari-
ants of the NRP1 gene: rs750880625

c.676C>T p. R226C; rs180868035
c.A418C p.1140L; rs1178713109
c.A1274T  p.K425M; rs117525057
c.C1571T p.S524L; rs143124682
c.C1676T  p.T559M; rs767902777
c.2200G>A  p.G734S; rs548175518

€.2596G>A p.A866T and rs566437913
¢.T2633C p.V878A showed an associ-
ation with idiopathic hypogonadotropic
hypogonadism (IHH; English Idiopathic
hypogonadotropic hypogonadism) asso-
ciated with impaired sense of smell (Kall-
man syndrome) [26]. Neuropilin-1 has
also been shown to be significantly more
expressed than ACE2 in the olfactory ep-
ithelium [6] and may play a central role in
olfactory dysfunction during SARS-CoV-2
infection [13]. NRP1 is expressed along
the vomeronasal/terminal nerve pathway
and is involved in the migration of gonad-
otropin releasing neurons (GnRH neu-
rons) [26].

These data are of extremely high in-
terest in the context of the impact of
SARS-CoV-2 infection on the reproduc-
tive capacity of men. For example, a
significant pathological effect of coro-
navirus infection on reproductive ability,
mediated by the development of orchitis,
has been shown. However, no traces of
the presence of the virus were found in
the testicles [34]. Changes in sperm pa-
rameters and the level of sex hormones
were also shown, in turn, disturbances in
the homeostasis of hormones of the pi-
tuitary-testicular axis are isolated as one
of the possible pathological mechanisms
of impaired fertility during SARS-CoV-2
infection [32].

Conclusion. Neuropilin-1 has been
shown to modulate SARS-CoV-2 infec-
tion by playing a leading role in separat-
ing the S1 and S2 subunits of the spike
protein. Several studies demonstrate
the significant role of neuropilin-1 in the
immune response. Researchers note its

significant role in pathological phenom-
ena from the vascular system and the
central nervous system. All this points to
the need for further research on the role
of NRP1 in the development of SARS-
CoV-2 infection.

The work was supported by the stra-
tegic academic leadership «Program Pri-
ority 2030».
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[.V. Kononova, S.N. Mamaeva, V.A. Alekseev

DETECTION OF BETA-GLOBIN GENES
IN THE ERYTHROCYTE FRACTION
IN A PATIENT WITH CERVICAL CANCER

The results of detection of DNA fragments encoding human beta-globin and human papillomavirus (HPV) L1 protein in cervical cancer patient’s
plasma and erythrocyte samples using real-time polymerase chain reaction (QPCR) are presented. Amplification of a DNA fragment encoding hu-
man beta-globin was found only in a sample of erythrocytes, which may indirectly indicate the presence of extracellular DNA. The results of gPCR
for the presence of a DNA fragment encoding HPV L1 were negative, which did not allow us to confirm that the isolated DNA belonged to the tumor
DNA. The origin of the identified in the erythrocyte fraction DNA fragment encoding human beta-globin requires further research.

Keywords: tumor DNA, extracellular vesicles, neutrophil extracellular traps.

Beta-globin is a part of hemoglobin - an
iron-containing metalloprotein. In mam-
mals hemoglobin is found in the largest
amount in red blood cells, its main func-
tion is to transport oxygen from the lungs
to various body tissues. Hemoglobin also
interacts with other gases such as carbon
dioxide, carbon monoxide, and nitric ox-
ide. Hemoglobin is a tetramer composed
of two beta-globin chains and also of two
alpha-globin chains. Heme is attached
to each of these chains, and thus each
chain can transport oxygen. Hemoglobin
is expressed by erythroid cells as well as
by nonerythroid cells, such as epithelial
cells, including epithelial cells of the cer-
vix uteri [22].

It has been established that in normal
cells of the cervical and vaginal muco-
sa alpha-globin and beta-globin can act
as endogenous antimicrobial protective
proteins against infection [21]. Hemoglo-
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bin and mRNA are also found in human
cervical carcinoma cell lines (SiHa and
CasSki), and the expression of alpha-glo-
bin and beta-globin genes in them is sig-
nificantly higher than in normal cells of
the cervix uteri [14]. Expression of these
genes improves the viability of tumor cells
by suppressing oxidative stress [28].

Alpha-globin and beta-globin are
encoded by genes located on chromo-
somes 16 and 11, respectively. The be-
ta-globin gene cluster is packed into in-
active heterochromatin in non-erythroid
cells, while the alpha-globin genes are
built into open chromatin conformations
in all cell types [9]. Transcriptionally inac-
tive heterochromatin plays a vital role in
maintaining a stable structure of special-
ized chromosomal regions with repetitive
DNA,; loss of integrity in these regions of
chromosomes can contribute to the can-
cer development [7].

DNA, including genomic DNA, is found
in blood fractions purified from cells - in
plasma and serum. Both normal and tu-
mor cells release DNA into the circulation,
but it is present in increased amounts in
cancer patients [23]. It is assumed that
the detection of tumor DNA in the blood
can significantly improve the detection
of a tumor at an early stage, determine
its progression and prognosis, and also
help in targeted therapy [5]. Detection of
tumor DNA is carried out mainly in blood
plasma, but the complexity of the deter-

mination is associated with low concen-
tration of DNA in plasma [11].

Human genomic DNA is also found
in the erythrocyte fraction of blood, even
after 25 years of storage [4]. Genomic
DNA, both of human and infectious, can
be associated with the surface of erythro-
cytes through receptors, since it is known
that erythrocytes express receptors on
their surface, which, at least bind bacte-
rial and mitochondrial DNA in vitro [13].

We assumed that in cervical cancer
(CC) patient genomic DNA is contained
in the blood in an increased amount, and
the presence of beta-globin genes in ge-
nomic DNA can be an indicator of car-
cinogenesis, so the goal of the study was
to isolate DNA from the patient's blood
fractions in which there are no nuclear
cells - from plasma and erythrocyte frac-
tion, as well as to detect a DNA fragment
encoding human beta-globin. In order
to determine, let indirectly, whether the
isolated DNA belongs to a tumor DNA,
it was decided to detect a DNA fragment
encoding the L1 protein region of the
human papillomavirus (HPV). Since it is
believed, that in CC patient circulating
extracellular DNA containing the HPV ge-
nome originates from tumor cells [8].

Materials and methods. 4 types of
biological samples were prepared from
venous blood taken by venipuncture in
vacuum blood collection tubes-K3 EDTA:
plasma samples (sample 1); a suspen-
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The main results of the pilot study

Sample 3

resis

Sample 4
Sample 1 Sample2 (kontrol - erythrocyte (phosphate buffer precip-
(plasma) (erythrocyte suspension) |  suspension, tryp- itate)
sin-treated)
DNA Isolation +) +) (+) )
For DNA fragment encoding human beta-globin:
Amplification of a gene fragment encoding hu- ) ) .
man beta-globin using gPCR ™) Not carried out
Verification of amplification by gel electropho- ) +) “) Not carried out

Conclusion

DNA fragment encoding human beta-globin found in erythrocyte suspension

For DNA fragment encoding human papillomavirus protein L1:

resis

Amplification of a gene fragment encoding hu- (+/-) “) ) .
man papillomavirus protein L1 using qQPCR questionable Not carried out
Verification of amplification by gel electropho- 6 ) ) Not carried out

Conclusion

DNA fragment encoding HPV L1 protein was not found in any of the samples

sion of erythrocytes washed in phos-
phate buffer (sample 2); a suspension of
trypsin-treated and then washed also in
phosphate buffer erythrocytes (sample 3).
The sample 3 served as a control for the
absence of admixture of cells containing
nuclei in the suspension of erythrocytes.
In addition, the treatment of erythrocytes
with trypsin was necessary to confirm the
presence of the detected DNA fragments
on the surface of erythrocytes, as much
as it is known, that trypsin destroys cell
surface receptors by proteolysis [10]. The
phosphate buffer precipitate (sample 4),
which was used to wash trypsin-treated
erythrocytes, was also used for DNA de-
tection.

The blood was centrifuged at 1600
rpm for 10 minutes to separate into frac-
tions. Then, after collection and removal
of the mononuclear cell plasma samples
and erythrocyte fraction were isolated.
The erythrocyte fraction was washed
three times with phosphate buffer to ob-
tain an erythrocyte suspension. In half
of the erythrocyte suspension trypsin -
0.25% in a ratio of 1:1was added, and in-
cubated at a temperature of 37°C for 10
minutes, after incubation was centrifuged
for obtain a precipitation of erythrocytes;
then the erythrocytes were washed three
times with phosphate buffer.

All samples were stored in a freezer
at —20°C before DNA extraction and re-
al-time PCR.

DNA was isolated by phenol-chloro-
form extraction. The concentration and
quality of the isolated DNA were deter-
mined using NanoPhotometer Pearl (Im-
plen).

Real-time PCR (gPCR) was carried out
on CFX96 Touch Real-Time PCR Detection
System using qPCRmix-HS SYBR+Low-
ROX reaction mixture  (Evrogen).

The primers PC03/04 (5'-ACACAACT-
GTGTTCACTAGC-3'/5'-CAACTTCATC-
CACGTTCACC-3') were used to detect
DNA fragments encoding human beta
globin.

Primers MY09/11 (5'-CGTCCMARRG-
GAWACTGATC-3'/5'-GCMCAGGGW-
CATAAYAATGG-3') were used to detect
DNA fragments encoding the HPV L1
protein.

The length of the amplicons was de-
termined in an agarose gel.

The study was approved by the Local
Committee on Biomedical Ethics of the
North-Eastern Federal University named
after M.K. Ammosov (Yakutsk, Sakha
(Yakutia) Republic, Russia) in accor-
dance with protocol No. 13 dated April 4,
2018, Decision No. 2. Patient B., a res-
ident of Yakutia, with newly diagnosed
cervical cancer, gave written informed
consent to the study.

Results and discussion. The main
results are presented in Table 1.

DNA was isolated from three samples
- from plasma, a suspension of washed
erythrocytes and erythrocytes treated
with trypsin. DNA concentration in all
of these samples exceeded the upper
sensitivity limit of the spectrophotome-
ter - 18750 ng/ul.  In the fourth sample,
a precipitate of phosphate buffer, which
was used to wash erythrocytes treated
with trypsin, DNA could not be isolated.

Sample 1 study. qPCR using primers
PC03/04 and MY09/11 for DNA isolated
from a plasma sample showed the ab-
sence of a fragment encoding human be-
ta-globin, and a questionable result for a
fragment encoding HPV L1 protein (Fig.
1). The electrophoresis confirmed the
absence of amplification products of the
DNA fragment encoding human beta-glo-
bin, and also showed the absence of am-

plification products of the DNA fragment
encoding HPV L1 protein.

Sample 2 study. qPCR with DNA
isolated from a sample of erythrocyte
suspension revealed the presence of a
fragment encoding human beta-globin,
and the absence of a fragment encoding
HPV L1 protein (Fig. 2). Electrophoresis
confirmed the presence of amplification
products for the DNA fragment encoding
human beta-globin and the absence of
amplification products for the DNA frag-
ment encoding HPV L1 protein.

Sample 3 study. As for the DNA iso-
lated from a suspension of erythrocytes
treated with trypsin, using real-time PCR
no detections of fragments encoding hu-
man beta-globin and encoding HPV L1
protein were (Fig. 3). Gel electrophoresis
showed consistency with these results
- showed the absence of amplification
products for both DNA fragments.

Thus, in this case, DNA was found
in blood fractions in which there are no
cells containing nuclei - in plasma and
erythrocytes. DNA containing a fragment
encoding human beta-globin, was found
only in the erythrocyte fraction of blood.
The presence of this DNA in the eryth-
rocyte fraction cannot be explained by
poor-quality isolation of erythrocytes, that
is, the presence of cells containing nu-
clei - reticulocytes and leukocytes in the
erythrocyte fraction. Since the detection
of DNA containing a fragment encoding
human beta-globin did not occur after
treating erythrocytes with trypsin. This
also suggests that, most likely, this DNA
is associated with the surface of erythro-
cytes through receptors, since trypsin is
able to destroy by proteolysis receptor
bonds. The absence of DNA fragments
encoding HPV L1 in the erythrocyte frac-
tion reduces the likelihood of DNA origi-
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The fluorescent signal accumulation of the amplification of DNA fragments isolated from plasma:

human beta-globin, b - encoding HPV L1 protein

nating from cervical tumor cells, although,
of course, this statement is not obvious. It
is possible that the isolated DNA belongs
to neutrophil extracellular traps (neutro-
phil extracellular trap, NET), which play
a unique role in carcinogenesis [17, 25].
And, perhaps, exactly neutrophil extra-
cellular traps can be determined in the
erythrocyte fraction earlier than in plasma
and serum. Currently, researchers have
shown that plasma and serum levels of
neutrophil extracellular traps correlate

with the progression of cancer - colorec-
tal [26], breast [20], and stomach [27].
Endogenous extracellular particles that
were visualized on the surface of eryth-
rocytes [15], including those in CC pa-
tients [16], can also be a possible source
of isolating DNA containing a fragment
encoding human beta-globin. For exam-
ple, it has been established in pancreatic
cancer patients that endogenous extra-
cellular particles, such as, serum exo-
somes, contain human genomic DNA [6].

a - amplification of a DNA fragment encoding

The question is the origin of DNA,
which does not contain the sought for
fragments, isolated from plasma and
erythrocyte suspension treated with tryp-
sin. It is not excluded that DNA isolated
from plasma may be of infectious origin.
Since CC patients often have positive
molecular genetic tests for the presence
of other infections, for example, sexual-
ly transmitted ones [1, 2, 24]. In cervical
samples, even with negative results of
HPV DNA detection, the results of tests
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for herpes virus DNA can be positive [3],
and herpes virus DNA is also detected in
plasma [12].

The infectious origin of DNA isolat-
ed from a suspension of erythrocytes
treated with trypsin also is not excluded.
Perhaps, its detection in this sample in-
dicates the presence of DNA-containing
immune complexes on the erythrocyte
surface. It has been established that tryp-
sin destroys not all receptor bonds, for
example, surface cell receptors for 1gG
are resistant to its action [18], probably
due to the fact that the proteolytic activity
of trypsin is still specific [19].

Conclusion. In CC patient genomic
DNA was isolated and detected in in-
creased amounts in plasma and eryth-
rocyte fraction, including after treating
with trypsin. DNA containing a fragment
encoding human beta-globin, in the ab-
sence of its detection in plasma, was
detected in the erythrocyte fraction, prob-
ably in a bound state to the surface of
erythrocytes by receptors. The question
of whether the isolated DNA belongs to
the tumor DNA is debatable, especially
since the DNA fragment encoding HPV
L1 protein was not found in any of the
fractions. The origin of the isolated DNA
should be studied in the future.
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ISSUES OF TRANSLATIONAL MEDICINE
IN THE FIELD OF MOLECULAR GENETIC
RESEARCH IN YAKUTIA

The issues of translational medicine in implementation of the results of molecular genetic research into the practical medicine of Yakutia are
discussed. The process of gradual implementation of its main directions is noted: ‘Discovery’, ‘Population studies’, ‘DNA diagnostics’, ‘Bioethical re-
search’, ‘State programs for the prevention of hereditary diseases’. The translation of scientific achievements into clinical practice is a long process,
as it turned out, in the conditions of the Sakha Republic, it lasted for about 20 years. On the one hand, the use of new technologies has raised the
healthcare of the Republic of Sakha (Yakutia) to a qualitatively new level, on the other hand, it has brought many intractable problems of an ethical,
legal and informational nature. It is necessary to raise the issue of the importance of implementing state programs for the prevention and treatment
of hereditary diseases in the Republic of Sakha (Yakutia).

Keywords: translational medicine, molecular genetics, DNA diagnostics, bioethics.

Introduction. The concept of transla-
tional medicine (TM) implies the imple-
mentation of the latest achievements of
fundamental science and biotechnology
into clinical practice. In many cases, this
is due to the use of modern methods in
the field of genomics, gene therapy and
transcriptomics, bioinformatics and pro-
teomics, the introduction of biobanks and
repositories of large clinical databases.
It is an integration between researchers,
clinicians and health care providers. At
the same time, the "old" models of med-
ical care are being improved in areas
such as oncology, surgery, therapy, ob-
stetrics and gynecology, pediatrics, etc.
The patient receives standard or exper-
imental therapy, the boundaries between
experiment and treatment are blurred
[9.10, 28.32].

Particularly important and break-
through discoveries have occurred in the
field of molecular genetics and molecular
medicine, and research already touched
upon the subtle regulatory mechanisms
of genes, for example, the study of the
effect of variation in the number of copies
of DNA sites and methylation of regula-
tory sites of genes, as well as the search
for approaches to identify new regulators
and mechanisms in the cellular nuclear
organization, regulation of gene tran-
scription, spatio-temporal genome devel-
opment and assembly [29, 35,36].

Despite the impressive discoveries
of recent years, experts note a number
of significant problems and disappoint-
ments from the expectations of trans-
lational medicine. The main ones are
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the speed of introduction of scientific
achievements into clinical practice, bio-
ethical problems and the need for sig-
nificant financial support not only for re-
search, but also for the process of effec-
tive application of scientific achievements
by the healthcare system of states and,
ultimately, improving the life and health
of the patient. The study by loannidis
et al, 2004 analyzed the publications of
fundamental works from 1979 to 1983 in
leading journals (Science, Nature, Cell,
Journal of Biological Chemistry, Journal
of Experimental Medicine and Journal of
Clinical Investigation). He showed that at
least 101 articles made clear promises
of clinical application of the results, but
only after 20 years 5 of these published
results were licensed. The authors also
conclude that the development of sim-
pler, more practical and safer interven-
tions may be an equally important goal
for translational research, and the profit
motive is unlikely to be sufficient to ad-
vance biomedical research to genuine
progress [13,18].

The purpose of the article is to discuss
the problems of translational medicine in
implementation of the results of molecu-
lar genetic research in the practical med-
icine of Yakutia.

Let's consider our proposed scheme
of translational medicine in the field of re-
search of hereditary diseases (HD) and
describe some aspects of the practical
implementation of its stages in Yakutia
Fig. 1.

I. The first stage of translational medi-
cine is "Discovery". For example, the dis-
covery of a mutation of the gene respon-
sible for the development of the disease
or polymorphisms of the genome regions
responsible for the high risk of develop-
ing the disease. The clinical and trans-
lational discovery turns the decoding of
the sequence, structure and function of

DNA into a clinical application for predict-
ing and diagnosing specific symptoms of
human diseases.

Molecular genetic research in Yakutia
began in 1993 as part of an internation-
al scientific program to study Vilyuisk
encephalomyelitis and spinocerebellar
ataxia type 1 (SCA1), the most common
autosomal dominant disease in the Yakut
population [20]. This was the first discov-
ery in the field of molecular genetics and
quite naturally, SCA1 became the most
studied hereditary pathology and the first
genomic technology introduced into clin-
ical practice[2]. Over the next 20 years,
a number of studies were carried out to
detect genes that are the cause of other
frequent hereditary diseases in Yakuts
Table 1.

Il. The second stage of TM molecular
research includes the study of the popu-
lation characteristics of HD and the fre-
quency of heterozygous carriage of au-
tosomal recessive diseases, which is of
great importance for the organization of
preventive measures in medical practice.

As is known, established popula-
tions are characterized by differences in
the total burden of hereditary diseases,
the sum of the frequencies of autoso-
mal dominant, autosomal recessive and
X-linked diseases can vary from 1.5 to
3.5 per 1000 people. For example, the
number of patients with phenylketonuria
and cystic fibrosis, frequent for the Eu-
ropean population, is significantly lower
in Yakutia [1,4]. The frequency of certain
forms of hereditary diseases due to pop-
ulation reasons may vary more in cases
of ethnospecific diseases [3,6]. Such dis-
eases in Yakutia as SCA1, myotonic dys-
trophy, 3 M syndrome, etc. are ten times
more frequently diagnosed than around
the world. The accumulation of some
nosologies of HD in Yakutia occurred for
population reasons, the main of which
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are the founder effect, gene drift and the
passage of the population through the
"bottleneck" due to wars, epidemics, fam-
ine [7,25].

lIl. The third stage of TM is the devel-
opment of algorithms for DNA diagnostics
of HD based on molecular genetic stud-
ies and the introduction of DNA testing
of patients from burdened families into
practical medicine. Currently, more than
30 different nosologies of hereditary dis-
eases are available for DNA diagnostics
in the Republic of Sakha (Yakutia).

Molecular genetic methods (DNA di-
agnostics) are a diverse group of meth-
ods that allow detecting violations and/
or variations in the structure of a DNA
molecule, up to the decoding of its nu-
cleotide sequence (sequencing). The
simplest to perform in routine clinical
practice are direct and indirect (indirect)
methods of DNA diagnostics based on
the search for pathological mutations
leading to the disease or on the analysis
of polymorphic markers closely linked to
the pathological gene. Direct methods
of DNA diagnostics are the most infor-
mative, can be used to confirm a clin-
ical diagnosis, for asymptomatic and
differential diagnosis. In the Republic of
Sakha (Yakutia), direct DNA diagnostics
is used for spinocerebellar ataxia type
1, Charcot-Marie-Tutt type 1A neural
amyotrophy, Duchene-Becker myodys-
trophy, oculopharyngeal myodystrophy,
etc.; direct method using PCR-RFLP is
used for DNA diagnostics of 3M syn-
drome, autosomal recessive deafness
type 1A, a congenital autosomal reces-
sive form of cataract. Indirect DNA diag-
nostics based on marker alleles linked
to a damaged gene is used for such
hereditary diseases as hemophilia A, B
[2,11,12,19,21,22].
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The fluorescent signal accumulation of the amplification of DNA fragments isolated from plasma:
a - amplification of a DNA fragment encoding human beta-globin, b - encoding HPV L1 protein

The main problems of using DNA di-
agnostics of HD as a routine analysis in
clinical practice are:

- confidence in the clinical diagnosis
and a clear justification for the molecular
genetic diagnosis of HD, since the search
for a mutation without a diagnosis can
turn into a useless procedure with the ex-
pense of costly reagents;

- availability of the necessary fami-
ly members for analysis, and, as a rule,
proband genetic material is required for
research;

- increasing the personal responsibility
of persons involved in the process of mo-
lecular genetic diagnosis of HD, respon-
sible for the reliability of the results of the
examination, as well as the qualification
of a laboratory assistant performing the
actual analysis;

IV. Translational medicine provides a
stage of research of bioethical problems
of molecular genetic diagnostics of HD.

Differences in the manifestation of
phenogenotypic signs of HD cause dif-
ferences in the medical and social con-
sequences of HD. Ethical issues are re-
solved through the adoption of laws and
regulations concerning the use of genetic
information of an individual/family. For
example, presymptomatic testing for in-
curable NC raises a number of ethical
and psychosocial problems, including
possible discrimination of carriers of a
pathological gene, deterioration of the
quality of life of a person who received
such information, etc. The most acute of
the existing problems is the possibility of
severe emotional trauma with a positive
result of DNA testing at the preclinical
stage without psychological preparation
of the patient. This means that a person
may be doomed to an incurable disease
that gradually destroys his personality,
leading to deep disability and inevitable
death in 10-15 years from its onset [8].

Frequent hereditary diseases in the Yakut population

. . frequency Frequency I
Hereditary disease in the Yakut population Gene (OMIM) of heterozygous carrier citation

* Spinocerebellar ataxia . . Lunkes A., Goldfarb L.G., Platonov
Type 1 38,6 : 100000 SCAI (164400) | * Autosomal dominant F.A. etal.,1994 [20]
Short stature syndrome . Maksimova N, Hara K, Miyashia A et
3 M syndrome 12,72 : 100000 CUL7 (273750) 3% al, 2007 [21]
Short stature syndrome
characterised by optic nerve . Maksimova N, Hara K, Nikolaeva I et
atrophy and Pelger-Huét anomaly 9,95 : 100000 NAG (614800) 1% al.,2010 [22]
(SCOP)
Autosomal recessive deafness 1A . Barashkov NA, Dzhemileva LU,
(DFNB1A) 16,2:100000 | GJB2 (220290) 11,7% Fedorova SA et al., 2011 [11]
A new type of .
mucopolysaccharidosis with 8,3 : 100000 VPS334 2,1% Kondo H, Maksimova N, Otomo T et

. (617303) al.,2017 [19]
severe systemic symptoms
Autosomal recessive cataract . FYCOI1 Barashkov NA, Konovalov FA,
(CTRCT18) 3,0 : 100000 (610019) 7.9% Borisova TV et al.,2021[12]




The articles describe cases of affective
behavior and suicidal attempts in similar
situations [15,33]. For example, Hunting-
ton's chorea (HC), as well as SCA1, re-
fers to HD with dynamic mutations and
late onset of clinical signs. Studies of the
issue of patients' attitude to the presymp-
tomatic and prenatal DNA testing of Hun-
tington's Chorea showed a low percent-
age (5-20%) of those wishing to undergo
such a survey [ 23,24,34].

No less controversial ethical issues
are contained in the prenatal diagnosis
(PD) of late-manifesting diseases, such
as HC and SCA1. There is no consensus
on which hereditary disease should be
considered serious enough for PD. Some
experts believe that the late onset of the
disease after a long period of healthy and
fulfilling life may make it possible to at-
tribute the condition to frivolous for the
decision to terminate the pregnancy of a
fetus with a mutation [14,26].

Organizational and bioethical ap-
proaches to the prevention of socially
significant hereditary diseases remain
undeveloped in the healthcare system
of Yakutia. Approaches to solving ethical
problems in different countries are relat-
ed to the cultural and religious character-
istics of peoples, there are differences in
the regulatory documents of the organi-
zation of medical and genetic services.
The generalized nature of international
guidelines on ethical problems of medical
and genetic counseling requires concret-
ization taking into account national char-
acteristics [5].

Bioethical problems associated with
the latest methods of correction of hear-
ing defects are widely developed by for-
eign authors. In particular, the dilemma of
the acceptability of the modern method of
cochlear implantation (a new generation
of hearing aids implanted in early child-
hood) for hearing correction is discussed.
The main bioethical problem in this case
is obtaining the consent of both parents,
because cases are described in families
when both parents who are deaf do not
want their child to be able to hear. This
fact is associated by many researchers
with a well-developed social security sys-
tem and a sufficiently developed system
of public organizations for hearing-im-
paired people in Western countries who
do not consider lack of hearing a serious
defect and are ready to raise a deaf child
[16,17,30,31]. In Russia, the attitude of
persons with impaired sound perception
to cochlear implantation and DNA diag-
nostics has not been studied. Molecular
genetic studies of hereditary non-syn-
dromic forms of deafness in Russia are at
an early stage, the needs of the popula-

tion for DNA testing have not been deter-
mined. In Yakutia, with a high frequency
of this disease, there is a gap between
the results of scientific developments and
their application in practice due to ex-
tremely low awareness of the population
about genetic technologies [27].

When developing the ethical aspects
of TM for the prevention of HD, it is nec-
essary to emphasize the following as-
pects:

- late -manifesting character;

- vital prognosis depending on nosol-
ogy;

-methods of introducing genetic analy-
sis and the consequences of using DNA
testing;

- public perception of applied genetic
technologies;

- the need of burdened families for
prenatal diagnosis;

- ethnic characteristics in the area of
the study, etc.

V. The fifth stage of TM is the involve-
ment of the state in the process of intro-
ducing and applying scientific achieve-
ments in practical medicine to improve
the quality of medical care provided to the
population with the greatest coverage of
all those in need and a fair distribution of
financial resources to improve the health
and quality of life of patients. As a rule,
this is the adoption of state programs for
the prevention of diseases. For example,
genetic screening programs are imple-
mented by government programs taking
into account the needs of populations in
need of a particular type of screening.
The main evaluation of screening is the
effectiveness of the proposed methods
of prevention and treatment of hereditary
diseases.

An example of the successful imple-
mentation of the Republican target Pro-
gram "Development of human genodiag-
nostics in the Republic of Sakha (Yakutia)
for 2001-2005, adopted by the Decree of
the Government of the Republic of Sakha
(Yakutia) dated May 11, 2001 No. 277, is
the introduction of the results of molecu-
lar genetic studies and prenatal diagnos-
tics of HD into practical healthcare of the
Republic, as well as the expansion of the
scope of complex preventive measures
for the diagnosis of hereditary diseases
in general. During the implementation of
this program, the material and technical
base of the first molecular genetic lab-
oratory was modernized, specialists in
molecular genetics for the Republic of
Sakha (Yakutia) were trained in leading
federal genetic centers.

Conclusion. In the Republic of Sakha
(Yakutia), a new direction in science
- translational medicine - has been de-
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veloped in the field of molecular genet-
ics research of hereditary diseases. The
process of gradual implementation of its
main directions is noted: "Discovery",
"Population studies”, "DNA diagnostics",
"Bioethical research", "State programs
for the prevention of hereditary diseas-
es". The translation of scientific achieve-
ments into clinical practice is a long pro-
cess, as it turned out, in the conditions of
the Republic, it lasted for about 20 years.
On the one hand, the use of new tech-
nologies has raised the healthcare of the
Republic of Sakha (Yakutia) to a qualita-
tively new level, on the other hand, it has
brought many intractable problems of an
ethical, legal and informational nature.
The main problems of TM are medical,
social, organizational and financial. In the
field of medical and social problems, bio-
ethical ones stand out, since with the ex-
isting differences in the clinical and social
effects of hereditary diseases common in
Yakutia, differentiated approaches are re-
quired in the development of ethical rules
for DNA testing and the study of public
opinion on the genomic technologies
used. Organizational problems include
the issues of training laboratory doctors
for molecular genetic laboratories, equip-
ping laboratories with equipment and re-
agents for genetic research. Economic
problems are specific to our republic,
due to the remoteness of the region from
Central Russia, so it is necessary to raise
the issue of the importance of implement-
ing state programs for the prevention and
treatment of hereditary diseases in the
Republic of Sakha (Yakutia).
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RELATIONSHIP OF PERSONALITY TRAITS
AND STRESS WITH FUNCTIONING
OF THE HYPOTHALAMIC-PITUITARY-

ADRENAL AXIS

The aim of this study is to test the hypothesis that personality traits (neuroticism, extraversion/introversion) and stressful life events in childhood
could be related to HPA axis reactivity. We studied 121 healthy adult men of Yakut ethnicity aged 18-25 years. High neuroticism and introversion
have been found to be associated with lower blood cortisol. Stressful life events have been positively associated with neuroticism, but we failed to
detect a significant correlation with ACTH and serum cortisol levels in young people.

Keywords: personality traits, cortisol, adrenocorticotropin (ACTH), HPA-axis, neuroticism, extraversion, introversion, stressful events in child-

hood, Yakuts.

Introduction. The neurobiological
response to stress is coordinated by the
hypothalamic-pituitary-adrenal (HPA)
axis through changes in cortisol levels.
HPA axis reactivity represents a poten-
tial marker of sensitivity for various neu-
ropsychiatric disorders. The prospective
studies of individuals without depression
have demonstrated that such personality
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trait as neuroticism, which can be char-
acterized by a tendency to experience
negative emotions, is a risk factor for
the subsequent development of depres-
sion [1; 19]. Moreover, the results of be-
havioral and molecular genetic studies
showed that neuroticism and depression
had common genetic risk factors [2; 6; 8;
29]. However, it is still poorly understood
whether there is a relationship between
personality trait measures (neuroticism,
extraversion/introversion) and the level
of HPA hormones. The results of several
studies attempted to identify associations
between these variables are conflicting
[9; 12; 17; 20; 23; 24; 26 - 28].

It is known that HPA axis functioning
is affected by several factors, including
stress at an early age [5; 11; 14; 15; 31;
33], as well as anxiety disorders, but
these potential predictors have been rare-
ly systematically assessed or controlled
for. However, there is some evidence that
stress and trauma at an early age can
be associated with hypocortisolemia and
a weakened cortisol response to stress
[5; 14; 15; 33]. Stressful life experiences,
apparently, can trigger the development
of depression, anxiety and mental disor-
ders [4; 18]. Animal and human studies
showed that early exposure to stress
could cause persistent changes in HPA
axis functioning that reflect some of the
neuroendocrine abnormalities commonly
associated with depression and various
post-traumatic stress disorders [16; 31].

The aim of the present study is to
test the hypothesis that personality traits
(neuroticism, extraversion/introversion)
and childhood stressful events are asso-
ciated with HPA axis reactivity.

Materials and methods. The study
sample consisted of 121 apparently

healthy young men (21.5+2.25 years),
the Yakuts from the Republic Sakha (Ya-
kutia). All individuals were students or
employees of Universities without a he-
reditary burden of mental illness. To form
the sample, we have considered the fact
that the hormonal background in men is
more stable than in women. Hormonal
disruptions in men often occur when the
level of sex hormones falls after the age
of 30, so young men under the age of 30
were included in the sample to minimize
this factor. The ethnicity of the subjects
was determined on the basis of a ques-
tionnaire survey. At the same time, ethnic
self-identification was taken into account
mainly up to the third generation.

Hormonal levels were assessed by
determining the levels of serum corti-
sol and adrenocorticotropic hormone
(ACTH) in EDTA-plasma. Blood sam-
pling was carried out in the morning on
an empty stomach, in the appropriate
vacutainers. The analysis was carried
out by enzyme-linked immunosorbent
assay (ELISA) using standard kits from
Diagnostics Biochem Canada Inc. (Can-
ada) and Biomerica (USA) on the Victor
X5 multifunctional plate analyzer.

The Eysenk Personality Inventory
(EPI) was used to diagnose extraversion/
introversion and neuroticism. EPI is one
of the most common tests for assessing
the basic personality traits, proposed by
G. Eysenck and S. Eysenck in 1964.
Despite the fact that the questionnaire
evaluates personality traits, actually they
comprise of temperament traits, since in
foreign psychological studies the con-
cept of personality includes the concept
of temperament. The EPI contains 57
questions, 24 of which assess extraver-
sion/introversion, the other 24 - evaluate
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emotional stability/instability (or neurot-
icism), the remaining 9 form a control
group of questions designed to assess
the sincerity of the subject, his attitude to
the examination and the reliability of the
results. Diagnostics according to G. Ey-
senck is a classic technique and serves
as a reliable tool in modern psychology.

The Life Events Checklist (LEC) is a
short questionnaire used to identify po-
tentially traumatic events (PTEs) such as
spouse’s death, parental divorce, sub-
stance use by a spouse, accidents, rela-
tively low levels of family income or poor
living conditions, disasters, sexual or
physical abuse, or other effects associ-
ated with the impact on the nervous sys-
tem [3]. The original English version was
recently tested for reliability and validity
and showed good psychometric proper-
ties and is therefore recommended for
use in trauma assessment. Our study
used a modified version of the original
Blake et al. [3]. Our modified LEC con-
sists of 16 items, and each item reflects a
potentially traumatic event.

Statistical analysis and data process-
ing were performed using the STATIS-
TICA software package (version 10.0,
StatSoft, Inc., USA, 2011). To identify the
significance of intergroup differences in
personality traits and hormone levels, the
nonparametric Mann-Whitney U test and
the Kolmogorov-Smirnov test were used.
For the quantitative indicators of the G.
Eysenck questionnaire, a comparative
analysis of the mean group values was
carried out, the mean rank values were
derived using the Student's t-test. The
analysis of the relationship of individual
personality traits (extraversion, neuroti-
cism) was carried out accounting for the
results obtained on the level of cortisol
and ACTH via correlation analysis with
linear correlation and correlation ratio
algorithms. Direct and inverse relation-
ships were taken into account determin-
ing weak, medium, and strong correla-
tions. Correlation coefficients have been
calculated via Spearman rank correlation
coefficient - a measure of linear relation-
ship between random variables.

The study was conducted in compli-
ance with the principle of informed con-
sent. All participants were informed about
the plans, methods and aims of the study
and gave written consent to participate in
it. The design of the study was approved
by the local committee on biomedical
ethics of the YSC CMP (Protocol No. 41
of November 12, 2015).

Results. The average level of plas-
ma ACTH and serum cortisol in the total
sample of young Yakut men was 31.92
pg/ml and 10.01 pg/dl, which corre-

Table 1

ACTH and cortisol levels in the groups of individuals with high and low neuroticism

Average levels of hormones
in the group P
Hormones o High . .
Low neuroticism neuroticism Mann-Whitney | Kolmogorov-Smirnov
(n=46) _ test test

(n=75)

ACTH, pg/ml 34.09 30.52 0.09 <0.10

Cortisol, pg/dl 11.04 9.02 0.05 <0.01

Table 2

ACTH and cortisol levels in the groups of individuals with high extraversion/

introversion

Average levels of hormones

in the group p
Hormones . .
Extraverts Introverts | Mann-Whitney | Kolmogorov-Smirnov
(n=63) (n=58) test test
ACTH, pg/ml 32.42 32.15 0.80 >0.10
Cortisol, pg/dl 11.20 9.01 0.04 <0.05

Table 3

Levels of ACTH, cortisol, extraversion and neuroticism in groups of individuals
with high and low LEC scores

Group with low Group with P
LEC levels (n=78) high LEC | Mann-Whitney | Kolmogorov-Smirnov
levels (n=43) test test
ACTH 32.24 31.35 0.69 >0.10
Cortisol 9.97 10.35 0.66 >0.10
Neuroticism 11.7 13.8 0.024 >0.10
Extraversion 11.96 12.51 0.41 >0.10

Table 4

Correlations of ACTH and cortisol levels with personality traits (extraversion
and neuroticism) and stressful life events (LEC)

Extraversion(n=121) Neuroticism (n=121) LEC
r=0.01 r=-0.14 r=-0.03
ACTH p>0.05 >0.05 >0.05
Cortisol r=0.19* r=-0.07 r=0.04
p<0.05 p>0.05 p>0.05

Table 5

Correlations of ACTH and cortisol levels between subscales (levels) of extraversion/
introversion and neuroticism

Extraverts (n=63) | Introverts (n=58) High gi%rg)t icism | Low I(\Le:uig;lmsm
Neuroticism Extraversion
r=-0.42* r=0.05 r=-0.19 r=0.23*
ACTH p<0.05 p>0.05 >0.05 p<0.05
Cortisol r=-0.08 r=-0.07 r=0.07 r=0.30%
p>0.05 p>0.05 p>0.05 p<0.05




sponds to the manufacturer's indicated
average high ACTH levels and average
low cortisol level. The concentrations of
ACTH and cortisol depending on neurot-
icism and extraversion / introversion are
presented in tables 1 and 2.

When examining the level of ACTH
in the subjects with low neuroticism, we
observed a tendency for high plasma
ACTH level compared with individuals
with high neuroticism (p=0.09) (Table 1).
In the group of men with low neuroticism,
the average cortisol level was 11.04 ug/
dl, while in the group of men with higher
neuroticism, the level of serum cortisol
was significantly lower - 9.02 ug/dl (p =
0.05)

There were no significant differences
in mean ACTH levels between the extra-
vert and introvert groups (p=0.80) (Ta-
ble 2). When conducting a comparative
analysis of cortisol level, it was found that
the average level of cortisol in the blood
serum was 11.20 pg/dL in the group of
extraverts, while it was significantly low-
er - 9.01 pg/dL (p=0.04) in the group of
introverts.

Table 3 demonstrates a comparative
analysis of individuals with high and low
levels of stressful life events (based on
LEC). As a result of comparing hormonal
levels, no significant differences in both
cortisol and ACTH between low- and
high-LEC groups were revealed. When
comparing mean neuroticism scores,
it was detected that in low-LEC group
they were statistically significantly lower
than in high-LEC group (11.7 and 13.8,
respectively, p=0.024) (Table 3). This ob-
servation allows to characterize the men
from high-LEC group as emotionally un-
stable than from low-LEC group.

When conducting a correlation analy-
sis of ACTH and cortisol levels with ex-
traversion, neuroticism and the number
of stressful life events, we observed no
correlation between cortisol level in the
total sample of Yakut men and neurot-
icism; however, a weak correlation was
determined with extraversion (r = 0.19,
p<0.05) (Table 4). According to ACTH
level, no significant correlations with
these indicators were found.

When searching for correlations in the
subgroups of extraverts and introverts,
a significant persistent negative correla-
tion between ACTH and neuroticism was
characteristic for extraverts (r=-0.42,
p<0.05), whereas no such correlation
was reported for introverts (Table 5). In
low neuroticism scoring individuals, a
positive correlation was found between
cortisol and ACTH levels and extraver-
sion (r=0.30, r=0.23, p<0.05) (Table 5).

Discussion. Neuroticism reflects a

tendency to experience negative emo-
tions, and people with emotional insta-
bility show increased levels of anxiety,
apprehension, and negative emotions
[22]. Previous studies report contradic-
tory findings on the relationship between
neuroticism and cortisol levels. In some
studies of young subjects separated into
high or low neuroticism groups measured
with the Eysenck Personality Inventory, it
was reported that high levels of neuroti-
cism predicted lower cortisol levels [12;
17; 20; 26]. In other studies neuroticism
has been frequently associated with ele-
vated cortisol levels, or a lack of associa-
tion between these variables was shown
[9; 23; 24; 28; 27]. In our sample a neg-
ative relationship was observed between
neuroticism and cortisol (Table 1), which
is consistent with the results of the first
group of researchers [12; 17; 20; 26].

The neuroendocrine correlates of ex-
traversion/introversion have not been
systematically examined, but it has been
suggested that HPA axis hormones are
involved. Some studies indicated that
higher extraversion was associated with
increased cortisol levels [20; 23; 25].
According to Oswald et al., lower extra-
version in men is associated with a re-
duced cortisol response to stress, and
introverts can be expected to cope better
with stress and, therefore, have lower ac-
tivation thresholds for their HPA axis [25].
Oppositely, extraverted individuals may
have higher thresholds for physiological
arousal. This effect may be mediated by
aggressive interactions causing peer re-
jection, which can represent a powerful
social stressor [13]. Several other studies
reported an opposite tendence (higher
extraversion associated with lower corti-
sol levels) [33], or the absence of asso-
ciations [28]. The underlying reason for
such discrepancy between the results of
various studies remains unclear, but our
result is consistent with previous sugges-
tion that extraverts are characterized by
higher levels of cortisol (Table 2), and
there is a weak positive correlation be-
tween cortisol levels and extraversion
(Table 4).

To assess a degree of experienced
stress we used a modified version of
the LEC questionnaire. The Life Events
Checklist (LEC) was added to the list
of Potentially Traumatic Events (PTEs)
[7] and Post Traumatic Stress Disorder
(PTSD) [35] after Gray et al. [10] showed
that it was reasonably reliable. The LEC
is the most widely used adult self-report
tool to evaluate PTEs and is usually ad-
ministered prior to a structured interview
with the CAPS scale, which is the “golden
standard” to diagnose PTSD. The results
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of our study indicate that severe adverse
life events are significantly associated
with neuroticism level; however, they
insignificantly affect ACTH and cortisol
levels (Table 3). Thus, it can be argued
that such personality trait as neuroticism,
which is traditionally considered as a risk
factor for depression, depends on stress-
ful events in the past.

On the other hand, within the frame-
work of the present study, correlations
between the level of HPA-axis hormones
and personality traits were found only in
extraverts and in emotionally stable in-
dividuals. Interesting data on the pres-
ence of a correlation between personality
traits and the level of HPA-axis hormones
were obtained depending on individual's
specificity of sports activity. In particu-
lar, a positive correlation of cortisol lev-
els with extraversion was observed only
in bowmen, while such a relationship
was not found for helmsmen [21]. It is
known that the differentiation of athletes’
roles in a team, among other things, is
determined by a combination of certain
personality traits: bowmen are charac-
terized by high activity, socially oriented
behavioral style and purposefulness,
while helmsmen are characterized by a
high degree of introversion [21]. Thus,
our data indicating a positive correlation
of cortisol (and ACTH) levels with extra-
version, observed only for emotionally
stable Yakut men (with low neuroticism)
to a certain extent are consistent with
the results of differential correlation in
athletes. At the same time, similar find-
ings were obtained without reference to
sports activities: high cortisol levels posi-
tively correlated with self-esteem, endur-
ance and emotional stability, as well as
with reduced neuroticism and reduced
depression in men [32]. Previous studies
also indicated a positive correlation of ex-
traversion with the level of pro-inflamma-
tory cytokines (interleukin-6) [34], which
may also indicate a general relationship
between hyperactivity of the HPA axis
and inflammatory response system in
individuals searching for social contacts
(i.e., extraverts). Another interesting find-
ing of the present study is the negative
correlation between ACTH levels and
neuroticism, which was only significant
in extraverts. This observation is congru-
ent with the results of another research
group, which demonstrated a decrease
in adrenocorticotropic activity in individ-
uals with a reduced sense of control (to
some extent coinciding with an increase
in neuroticism) [12]. At the same time, lit-
erature data indicate a difference in daily
fluctuations in cortisol levels in extraverts
and introverts. In particular, extraverts
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are characterized by higher levels of cor-
tisol during the day, while introverts are
characterized by higher levels of cortisol
during the nocturnal phase [30], which
may to some extent explain the presence
of a statistically significant correlation be-
tween the level of HPA-axis hormones
and neuroticism only in extraverts.

This study is limited by a single-point
assessment design, which does not allow
to make conclusions regarding the sta-
bility of these associations. It should be
noted that our sample is relatively homo-
geneous (it includes young individuals,
Asians, high-school students), therefore,
the results obtained may not reflect the
processes occurring in adults and elderly,
which limits the possibility of generalizing
our results to a wider population. Despite
these limitations, our study is the first one
examining the associations of HPA axis
activity with personality traits in more than
a hundred informants using the stressful
life events questionnaire. We also used
a relatively large sample to detect asso-
ciations with cortisol levels compared to
other publications to more reliably assess
HPA axis activity.

Conclusions. The results of this study
confirm the link between two important
personality traits (neuroticism, extraver-
sion/introversion) and the activity of the
HPA axis. Personality traits traditionally
have been associated with greater risk
for developing depression (high neuroti-
cism) and introversion have been found
to be associated with lower blood cortisol
levels. It has been demonstrated that a
greater number of experienced stressful
events was associated with increased
emotional instability (neuroticism), but
insignificantly affected ACTH and serum
cortisol levels in young individuals.

The work was supported financially by
the Ministry of Education and Science,
project No. FSRG-2020-0016 and by the
megagrant from the Government of the
Republic of Bashkortostan (Agreement
No. 1, December 28, 2021).
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A CASE OF ULTRASOUND DIAGNOSTICS
OF NON-COMPACT MYOCARDIUM

The article describes a case of ultrasound diagnostics of non-compact left ventricular myocardium. Echocardiography allowed establishing a
rare congenital pathology of the left ventricular myocardium.
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Non-compact, or spongy, left ventric-
ular myocardium (NLVM) is a diagnosis
introduced into clinical practice relatively
recently in connection with the improve-
ment of methods for examining the heart
and, therefore, is of great interest for clini-
cians, ultrasound diagnostics, MRI. Cur-
rently, this disease remains little known
to a wide range of clinicians and causes
difficulties in the correct diagnosis.

According to the literature, the prev-
alence of this pathology among adults
is 0.014% [10]. In pediatric practice, the
proportion of this pathology is 9.2% of all
cases of diagnosed cardiomyopathies,
ranking third after hypertrophic cardiomy-
opathy and dilated cardiomyopathy [9].
At the same time, experts note that real
figures may significantly exceed official
data.

Embryogenesis: between the 5th and
8th weeks of embryonic development,
the heart muscle is organized - the fiber
network is thickened and the intertrabec-
ular lacunae are narrowed. At the same
time, the formation of coronary circulation
occurs, the intertrabecular spaces are re-
duced to the size of capillaries. In case
of a violation of the normal course of this
process, zones of non-compact myocar-
dium with increased trabecularity (more
than three trabeculae) remain in the heart
of the newborn. In this case, deep inter-
trabecular spaces are formed - lacunae
or sinusoids [1].

The American Heart Association clas-
sifies the non-compact LV myocardium
as a primary genetic cardiomyopathy,
and the WHO identifies it as an unclas-
sified cardiomyopathy [3]. According to
Benjamin et al., The non-compactness
of the left ventricular myocardium is a
"spongy" myocardium formed as a result
of a violation of the intrauterine myocar-
dium, characterized by a thin compact
epicardial layer and a thick non-compact
endocardial layer with pronounced tra-
becularity and slit-like spaces communi-
cating with the cavity rather than the left
ventricle coronary blood flow [4]. There
is evidence of the hereditary nature of

this disease. Recent studies indicate the
presence of mutations in the G4.5 gene
of the Xq28 locus [7].

Echocardiography is currently the
method of choice for diagnosing this dis-
ease. According to the literature, there
are a number of criteria that suggest that
a patient has a violation of the structure
of the left ventricular myocardium during
ultrasound examination. The first diag-
nostic criteria were proposed by Chin et
al., Who calculated the ratio between the
distance from the epicardium to the base
of the trabeculae (X) and the distance
from the epicardium to the apex of the
trabeculae (Y), measured at the end of
diastole. At the same time, a progressive
decrease in the X / Y<0.5 ratio was ob-
served in patients with noncompact car-
diomyopathy [5]. The criteria of Jenni et
al are most often used in clinical practice:
the ratio of the thickness of the non-com-
pact layer to the thickness of the compact
layer >2.0, measured at the end of sys-
tole, in the projection of the short axis, in
the absence of other cardiac anomalies
[8]. Stollberger C. et al. included in the
criteria the presence of at least 3 sepa-
rate trabeculae, as well as the ratio of the
thickness of the compact layer and the
non-compact layer 2.0 [11]. Currently, for
the correct diagnosis, it is recommended
to use the following diagnostic criteria:
the appearance of 4 prominent trabec-
ulae and deep intertrabecular spaces;
the appearance of blood flow from the
LV cavity into the intertrabecular spac-
es; segments of unconsolidated myo-
cardium mainly include the apex, as well
as the middle third of the inferior lateral
wall of the LV; clear two-layer structure
of the myocardium; the thickness of the
unconsolidated subendocardial layer at
the end of systole is more than twice the
thickness of the compacted subepicardial
layer [6].

Currently, the "gold standard" for di-
agnosing disorders of the left ventricular
myocardium is magnetic resonance im-
aging of the heart, which allows visual-
izing the bilayer structure of the myocar-
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dium with a higher spatial resolution than
routine echocardiography [3]. Below is a
clinical case of ultrasound diagnostics of
non-compact left ventricular myocardi-
um.

Patient B., born May 29, 2019, Sakha.
The child was born from 6 pregnancies,
from a 28-year-old mother with a bur-
dened obstetric and gynecological his-
tory: the first pregnancy ended in spon-
taneous miscarriage at 6 weeks of ges-
tation; a boy from 3 pregnancies died 2
days after birth.

This pregnancy proceeded with acute
respiratory infections in the 1st half with-
out fever. Ultrasound examination at 19
weeks showed the patient to have low
placentation, at 27-28 weeks - complete
placenta previa. Ultrasound examination
of the fetus at the 31st week of pregnan-
cy revealed cardiomegaly due to expan-
sion of the right heart, regurgitation on
the tricuspid valve, displacement of the
fibrous ring of the ftricuspid valve with
symptoms of "atrialization" of the right
ventricle. According to the ultrasound
examination, pathology of the heart was
suspected and the conclusion was made:
the echographic picture may correspond
to dysplasia of the tricuspid valve, Eb-
stein's anomaly. Partial abnormal drain-
age of the pulmonary veins, hypoplasia
of the aortic arch cannot be ruled out.

The third childbirth is planned, opera-
tional for a period of 35 weeks. The birth
weight of the child is 55 cm, the body
length is 47 cm. The assessment of the
newborn according to the Apgar scale
is 8/8. With dynamic observation of the
child during the first day, the condition
was regarded as severe, due to cardiac
pathology, prematurity, general neurolog-
ical symptoms, with negative dynamics.
The child was feeding through a tube,
spitting up curdled milk, did not cry on ex-
amination, general pastiness was noted,
spontaneous motor activity was reduced.

On the first day after birth in the ward
of the Department of Intensive Care,
Anesthesiology and Reanimation of
Newborns, a comprehensive ultrasound
examination of the heart was carried out
using the “Acuson X300” apparatus man-
ufactured by Siemens. Muscle tone and
reflexes were drastically reduced. The
skin is pale pink with a cyanotic tinge.
Respiration rate 50 / min. SpO2 -98%.
phased sensor P8-4. The study revealed:
a ductus arteriosus with a diameter of
0.31 cm, an atrial septal aneurysm with
blood discharge from left to right 0.36 cm.
Expansion of the cavities of the right ven-
tricle up to 1.52 cm and of the right atrium
up to 2.29 cm was noted; revealed regur-
gitation on the tricuspid valve of grade 3,
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Fig. 1. Areas of myocardial thinning in the apex and areas of increased trabecularity of the left
ventricle are visible
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Fig. 3. Trabeculae protruding into the cavity of the left ventricle with deep intertrabecular spaces



on the mitral valve - grade 2. The child
was diagnosed with grade 2 pulmonary
hypertension, right ventricular myocardial
hypertrophy, and expansion of the pulmo-
nary artery trunk. At the same time, there
was a decrease in the systolic function of
the left ventricular myocardium, ejection
fraction of 53.7%. Of course - the diastol-
ic size of the left ventricle was within the
age norm. It should be noted that during
the ultrasound examination, difficulties
were noted associated with tachycardia
(up to 183 beats per minute) and anxiety
of the child.

The child received treatment in the
Department of Intensive Care and Reani-
mation of Newborns and the Department
of Neonatal Pathology for two months,
then was discharged home. Clinically, the
disease proceeded according to all signhs
of cardiomyopathy.

Subsequently, the child was repeat-
edly admitted to the hospital due to the
deterioration of his condition. Ultrasound
examinations of the heart showed a pro-
gressive expansion of the left ventricular
cavity, and increased trabecularity of the
left ventricle was noted. With the pas-
sage of time, there was a change in the
configuration of the heart in the form of a
spherical shape.

In the fourth month of the child's life,
an expert ultrasound examination of the
heart was carried out using an Epiq 7
apparatus, manufactured by Phillips,
with a phased transducer S8-3. From the
study protocol: the left atrium is dilated
to 1.9 cm.The left ventricle is dilated, the
end-diastolic size is 3.5 cm.The spheri-
cal shape of the left ventricle with areas
of increased trabecularity and areas of
myocardial thinning in the apex area up
to 0.2 cm.

A two-layer structure of the myocardi-
um with a thinned compact and thickened
non-compact layer was found, identified
from the parasternal position. The N/ C
ratio was more than 2, where N is the
non-compact layer of the myocardium, C
is the compact layer of the myocardium.

The presence of numerous, exces-
sively protruding into the cavity of the
left ventricle trabeculae with deep inter-
trabecular spaces was noted. The right
parts of the heart were not dilated. The
calculated pressure in the right ventricle
was 50-60 mm Hg. Attention was drawn
to a diffuse decrease in the contractility
of the left ventricle with areas of aki, dys-
kinesis in the apical segments of the left
ventricle. At the time of the study, no ad-
ditional echo structures were found in the
cardiac cavities.

Based on the data obtained, it was
concluded: Increased trabecularity of

the left ventricle with areas of thinning.
This echo pattern may correspond to a
non-compact myocardium. Pronounced
diffuse decrease in left ventricular con-
tractility, apex dyskinesis. EF 30-35%.
Expansion of the left ventricular cavity,
end-diastolic size - 3.5 cm. Insufficiency
of the mitral valve of the 3rd degree, prob-
ably of a relative nature. Regurgitation on
the tricuspid valve of the 2nd degree. Pul-
monary hypertension 2 degrees.

Subsequently, the child was consult-
ed in absentia at the Federal State Bud-
getary Institution “National Medical Re-
search Center named after Academician
E.N. Meshalkin” of the Ministry of Health
of the Russian Federation, where he was
diagnosed with: Cardiomyopathy 142.0 -
Dilated cardiomyopathy: Non-compact
myocardium; Insufficiency of the mitral
valve of the 2nd degree. Insufficiency of
the tricuspid valve 2-3 degrees. Pulmo-
nary hypertension 1-2 degrees. Conges-
tive heart failure: grade 2A chronic heart
failure. FC 4, threatened by the devel-
opment of life-threatening arrhythmias.
Threatened by sudden cardiac death
syndrome. Perinatal CNS lesion of hy-
poxic genesis. Delayed static-motor de-
velopment. Solution: An examination by
a geneticist is recommended, it is nec-
essary to take a blood test on the panel
for “hereditary heart disease” to exclude
microdelicia and monogenic pathology.

The parents refused to pass the anal-
ysis on the panel for "hereditary heart
disease".

At the 10th month of life, the child with
a worsening condition was urgently hos-
pitalized in the Department of Intensive
Care, Anesthesiology and Reanimation
of the Pediatric Center. On admission,
an ultrasound examination of the heart
was performed. Attention was drawn to
the pronounced trabecularity of the left
ventricle - additional trabeculae, multiple
and thickened. There was a significant
expansion of the cavities of the left ven-
tricle (EDC 3.0-3.69 cm), left atrium (3.0
cm), right ventricle (2.2 cm), right atri-
um (4.0 cm), pulmonary artery trunk (1,
4-1.5 cm). The total contractility of the left
ventricular myocardium was significantly
reduced. EF 22.5-26%. In the cavity of
the left ventricle - hyperechoic heteroge-
neous with uneven, indistinct contours
of the echo structure - thrombi: closer to
the apex, along the IVS, measuring 1.27
* 0.49 cm; in the area of the apex mea-
suring 0.36 * 0.31 cm. Insufficiency of
the tricuspid valve of the 4th degree, the
mitral valve of the 2-3 degree, the pulmo-
nary valve of the 1st degree. Pulmonary
hypertension 2 degrees. Right ventricular
myocardial hypertrophy.
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On the X-ray imaging of the brain re-
vealed: a large area of acute ischemia
in the right parietal-temporal region, ex-
pansion of the ventricular system, con-
vexital subarachnoid spaces on both
sides. Three main clinical syndromes
play a leading role in the pathogenesis of
non-compact left ventricular myocardium:
heart failure (73%), arrhythmic syndrome
(40%), thromboembolic syndrome (33%).
Patient B. had heart failure 2B, FC |V,
WPW syndrome, which is most common
in children with LVNM, transient ischemic
attacks.

Despite the ongoing therapy, the child
died three days after admission to the
hospital. The diagnosis was confirmed
by postmortem examination. Autopsy:
left ventricular wall thickness 1.2 cm with
thinning areas 0.2 cm. The myocardium
is pale brown; deep intertrabecular spac-
es are noted in the right and left ventri-
cles. Trabeculae are whitish, thickened,
stony density. In the left ventricle in the
region of the apex in the intertrabecular
cavity there is a parietal red thrombus
with a diameter of 0.3 cm. Histological
examination: heart: stromal edema, mod-
erate hypertrophy of cardiomyocytes,
muscle fibers with foci of hyalinosis, scle-
rosis, fibrosis, fragmentation of muscle
fibers is noted. In the left ventricle, there
are sections of a thinned wall, consisting
of a thickened endocardium and epicar-
dium, which are represented by connec-
tive and adipose tissue. When examin-
ing the brain: perivascular, pericellular
edema. In the tissue of the left and right
hemispheres, areas with necrosis and
hemorrhages are noted. Vessels along
the periphery of the site are full-blooded
with symptoms of erythrocyte stasis, leu-
kocyte stasis, leukodiapedesis sites. In
some of the vessels, mixed blood clots
are noted. The given clinical case is pre-
sented for review, to help practitioners
of ultrasound diagnostics for the correct
interpretation of the echocardiograph-
ic picture of such a rare pathology as
non-compact left ventricular myocardi-
um, since literature data indicate that the
actual frequency of this disease may be
higher than the official data.
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THROMBOTIC COMPLICATIONS
ASSOCIATED WITH THE NOVEL
CORONAVIRUS INFECTION COVID-19

We present a clinical case of a fatal thrombotic complication in a patient with coronavirus disease 2019 (COVID-19) in the recuperative period.
A retrospective analysis of the patient's medical records with the chronology of laboratory and instrumental examinations, clinical course and inten-
sive therapy was performed. The algorithm of pulmonary embolism (PE) diagnosis, validity and decision-making concerning thrombolytic therapy
and extracorporeal membrane oxygenation are shown. The results of autopsy are also presented, which confirmed the diagnosis of PE and the

appropriateness of medical interventions.

Keywords: COVID-19, recuperation period, myocarditis, thrombotic complications, pulmonary embolism, acute respiratory failure, artificial
ventilation, extracorporeal membrane oxygenation.

Introduction. Covid-associated se-
vere thrombotic complications develop
in 17% of patients with coronavirus dis-
ease 2019 (COVID-19) and are one of
the main causes of patient’s death [1, 2].

Thrombosis is observed more often in
people with severe course of the disease,
with large area of lung lesions [4], in el-
derly patients, as well as in patients with
severe comorbid conditions [7]. At the
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same time, the probability of thrombot-
ic complications persists in patients for
several months after COVID-19, which
is a serious threat and explains the need
to control the hemostasis system and to
continue anticoagulant therapy after the
patient is discharged from the hospital.

We present a clinical case of
COVID-associated pulmonary embo-
lism (PE) in the recuperative period in a
young female patient without comorbid
conditions, and 16% of lungs affected by
COVID-19.

The aim of the investigation was to
analyze the clinical course of and in-
tensive therapy interventions in severe
thrombotic complication in a patient with
COVID-19.

Clinical observation. Patient M., fe-
male, 36 years old. On February 24, 2022
at 18:40 she was delivered by the ambu-
lance to the Republican Hospital Ne1-Na-
tional Center of Medicine (RHNe1-NCM)
with the referral diagnosis: "Viral myocar-
ditis? Opulent pericarditis. Bilateral poly-
segmental pneumonia. COVID-19 recon-
valescent since February 19, 2022."

The patient complained of general-
ized weakness and palpitations up to 112
beats/min, elevated blood pressure (BP)
up to 150/80 mmHg, dyspnea on mini-
mal physical exertion, bilateral lower legs

edema. On physical examination: height
164 cm, weight 74 kg (body mass index
27.5). General condition of the patient
was severe. Patient was alert (15 points
on the Glasgow Coma Scale (GCS)) and
oriented. The skin was of normal color,
normal moisture, turgor was preserved.
Visible mucous membranes of normal
color and moisture. Body temperature
was 36.1°C. Breathing unlabored, with-
out the involvement of auxiliary mus-
cles. On auscultation — breathing was
conducted in all pulmonary fields, with
increased intensity, symmetrical on both
sides, no rales. Respiratory rate (RR) 18-
20 breaths/min, SpO, - 89% on room air
and 94% when insufflating 5 L/min of hu-
midified oxygen. Cardiac tones muffled,
rhythmic. BP -121/69 mmHg, heart rate
(HR) 101/min. The tongue was clean and
moist. The abdomen was not swollen,
symmetrical, soft and painless on palpa-
tion. The liver and spleen were not en-
larged. Intestinal peristalsis was active,
uniform. No meteorism. No peripheral
edemas. Diuresis, according to the pa-
tient, was sufficient.

It is known from the anamnesis that
she considers herself sick since Jan-
uary 29, 2022, when she began to feel
generalized weakness, vomiting, liquid
stools up to 5 times a day. The patient



called a doctor, PCR result was negative
for COVID-19. Taking into account the
epidemiological situation, antiviral med-
ications (umifenovir, grippferon) were
prescribed, which was a recommend-
ed treatment plan according to the 14th
version (relevant at the time of presen-
tation) of the Provisional Guidelines of
Prevention, Diagnosis and Treatment of
Novel Coronavirus Infection (COVID-19)
released by Ministry of Health of Rus-
sian Federation [1]. The patient's condi-
tion remained without improvement. On
31.01.2022, a PCR test returned neg-
ative for COVID-19. At the same time,
an enzyme immunoassay for COVID-19
showed the presence of IgG 3.0 BAU/
ml, with no IgM. All this time the pa-
tient's body temperature remained up to
37.2°C. On February 7, 2022, computed
tomography (CT) of the chest revealed
multiple foci of ground glass opacities in
both lungs with up to 10% affected on the
right and up to 3% on the left and a high
probability of bilateral COVID-19-associ-
ated interstitial pneumonia (CT-1). The
patient was admitted to the infectious dis-
ease unit on February 08, 2022, where
she was treated until February 18, 2022.
According to the patient, after her dis-
charge she had palpitations, shortness
of breath, BP increase to 160/80 mmHg.
The patient is known to have had sever-
al episodes of syncope on 20 February
2022, and did not seek medical help. On
February 24, 22, the patient consulted
her general practitioner with the above
complaints. Echocardiography revealed
3.0 cm dilated right ventricle (RV), pres-
sure in RV was 42 mmHg, 1st degree
regurgitation on mitral valve (MV), 1st de-
gree on tricuspid valve (TV), 1st degree
on pulmonary artery valve. End-diastolic
dimension (EDD) 4.0 cm, end-systolic di-
mension (ESD) 2.4 cm, ejection fraction
(EF) 67%. Traces of fluid in the pericar-
dial cavity: along the anterior wall of the
RV up to 0.4 cm, in the area of the apex
0.8 cm. No local hypo- and akinesis were
detected. Patient was referred to the Re-
publican Hospital Ne1-National Center of
Medicine (RHNe1-NCM) immediately.

Diagnosis was made following initial
survey: "Subacute viral diffuse myocardi-
tis. Exudative pericarditis. Chronic heart
failure with preserved ejection fraction
(66%), Functional class 2 by New York
Heart Association (NYHA) classification.
Bilateral multisegmental pneumonia,
moderate severity, 1st degree respi-
ratory failure. Post-COVID syndrome.
COVID-19 reconvalescent since 19"
February 2022."

Taking into account the severity of her
condition due to respiratory failure, the

need for oxygen therapy, hemodynam-
ic control, the patient was immediately
transferred from the Emergency depart-
ment to the Cardiac Intensive Care Unit
(CICU), where treatment for myocarditis
and multisegmental pneumonia was ini-
tiated. Antibiotic therapy, anticoagulant,
anti-inflammatory, cardioprotective thera-
py and correction of electrolyte disorders
were prescribed.

On February 25, 2022, the patient's
condition stabilized, clinical improvement
was observed: complaints of dyspnea,
palpitation, generalized weakness disap-
peared. Normal mental status. Skin and
visible mucous membranes were of natu-
ral color, BP — 18-20/min, SpO, on room
air - 94-96%. Hemodynamic parame-
ters were stable: HR 95/min, BP 110/90
mmHg. Survey didn’t reveal active course
of coronavirus infection (the virus was not
identified). Cardiospecific enzymes and
D-dimer did not exceed reference values.
By the evening of the same day, the pa-
tient's condition was assessed as moder-
ate severity, and she was transferred from
the CICU to the Cardiology department.
After transfer from the ICU to the general
ward, dyspnea at rest did not bother her,
the patient noted it only during physical
exertion. Visible mucous membranes and
skin were normal. On auscultation breath-
ing was conducted in all fields, weaken-
ing in the lower regions, no rales. BP
19-21/min, Sp0O, 99% with insufflation of
humidified oxygen. Heart tones muffled,
rhythmic, HR 88/min, BP 90/60 mmHg
(adapted BP, according to the patient).
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From February 27 to March 1, 2022,
the complaints of moderate dyspnea on
physical exertion, dry cough persisted.
Hemodynamic parameters were stable,
BP within 17-18 /min. SpO, 98% against
the background of humidified oxygen
supply (5-10 I/min). BP within 100/65
mmHg, HR 86 per min.

On 02.03.2022 at 07:45 a.m., the
patient got up from bed, after which her
condition sharply worsened, the patient
had severe dyspnea at rest up to 26-30
breaths/min, SpO, on room air was 84%,
on oxygen supply (10-15 I/min) 92%, BP
50/00 mmHg, heart rate 120/min. After
the consultation of the intensive care
physician the patient was urgently trans-
ferred to the CICU.

At 08:04 a.m., clinical signs of pulmo-
nary embolism (PE) were revealed: sig-
nificant increase of D-dimer >5.0 mcg/
ml (the norm - 0.046-0.708), signs of
right heart overload on ECG, compared
with the initial record (Fig.1), as well as
on echocardiography (dilated right heart,
pressure in the right ventricle 101 mmHg,
separation of pericardial sheets 0.3 cm).

General condition was extremely se-
vere, caused by acute cardiovascular
and respiratory failure, with signs of ob-
structive shock due to PE. Skin and vis-
ible mucous membranes were sharply
pale, acrocyanosis. Body temperature
36.1°C. The patient was lethargic and
restless (GCS 13 points), could only an-
swer questions in short phrases. Breath-
ing was unassisted, weakened in the
lower portions on both sides, single dry

Laboratory data
Index Reference | 24.02. | 25.02. | 27.02. | 01.03. | 02.03. | 03.03.
Ph venous blood 7.32-742 | 7.43 7.36 7.25 7.16
PaCO,, mmHg 95-110 35 55 43
PaO,, mmHg 42.0-55.0 95 68 205
SvO,, % 94-98 71 70 68 65
Lac, mmol/l 0.2-1.8 3.1 2.1 5 6 10
Glu, mmol/l 3.9-53 5.6 4.8 4.5 4.5 13.1 9.8
BE, mmol/l -25-25 -2 2 -3.5 -4 -6
RBC, 10'%/1 3.74-5.31 4.6 4.4 4.1 4.7 4.1 2.2
Hb, g/l 118-165 146 141 133 147 131 73
PLT 10°/1 141-389 136 135 107 118 68 76
WBC, 10°/1 3.89-9.23 10.6 10.7 12.2 15.7 18.8 28.5
NT-proBNP, pg/ml | 0.0 —125.0 | 1201 2303
Troponine, ng/l <29.000 0.01 0.1 1.1 2.5
CRP, mg/l 0-5 154 91 141 130 199
ESR, mm/h <15 15 13 10 60 65 66
D-dimer, mkg/ml 0.047-0.7 0.7 0.5 0.5 >5.0 >5.0 >5.0
APTT, sec 25.5-33.5 20.8 39 38 77 79 88
ALT, unit/l 0.0-31.0 76.6 73.4 77.9 69.8 179 1438
AST, unit/l 0.0-31.0 48.2 47.0 40,9 38,4 146 1248
Creatinine, umol/l 53-97 89.3 85.7 75.6 75.4 90.6 309.2
Procalcitonin, ng/ml | 0.0-0.05 0.05 0.07 0.5 7.1
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rales, BP 34 per min, SpO, 60% on 20
L/min with humidified oxygen, auxiliary
muscles were noted. Cardiac tones were
muffled, rhythmic, heart rate 130 per min,
systemic BP 50/00 mmHg, despite intra-
venous infusion of dopamine 10 mcg/kg/
min given by pump. The abdomen was
not swollen. Intestinal peristalsis was
sluggish. The liver was enlarged by 2 cm
at the edge of the right rib arch. Edema of
the feet and shins.

At 08:05 a.m. the patient was urgent-
ly transferred to artificial lung ventilation
(ALV) by Puritan-Bennet 840 machine
due to increasing signs of acute respira-
tory failure and shock with following set-
tings: Control Motion Ventilation (CMV)
mode, minute volume (MV) - 7.7 L/min,
tidal volume (TV) - 510 ml, FiO, - 100%,
positive end-expiratory pressure (PEEP)
- 5 cm H,O, pressure airway - 27 cm-
H,O. Despite the used "hard" ventilation
pattern, peripheral saturation remained
below 88%, and at blood gas study,
respiratory index (PaO,/FiO,) was 84
mmHg with decompensated respirato-
ry acidosis. Due to the patient's critical
condition, chest CT with contrast was not
possible at the time. Based on the clini-
cal picture of massive PE and the results
of survey, it was decided to administer
thrombolysis therapy with Urokinase in
a starting dose of 4400 units/kg and a
maintenance dose of 4400 units/kg/h for
24 h (according to the recommendations
of the European Society of Cardiology,
2019) [6].

FET R qateped 7

a

At 08:07 a.m. asystole was registered
on the monitor. A complex of cardiopul-
monary resuscitation (CPR) was per-
formed, including external cardiac mas-
sage and ALV in the ratio of 30:2, intra-
venous injection of adrenaline hydrochlo-
ride solution 0.1%-1.0 ml with successful
recovery of cardiac activity after 3 min of
resuscitation, ECG showed sinus tachy-
cardia of 130 per min. Cardiotonic and
vasopressor drugs with stepwise titration
of norepinephrine at a dose of 0.5 ug/kg/
min, dobutamine at a dose of 5 ug/kg/
min were started, and arterial pressure of
115/75 mmHg and central venous pres-
sure (CVP) of 9 mmHg were achieved.
A low saturation level of below 82% re-
mained.

At 4:50 p.m. her condition was evalu-
ated as critical with dramatically negative
course: SOFA - 19 points (80% proba-
bility of death), LIS (Lung Injury Score) -
2.25, RESP (Respiratory ECMO Survival
Prediction) - 6 points with a survival rate
of 36%. Decision to use veno-venous
extracorporeal membrane oxygenation
(VV-ECMO) was made after failure of
standard therapy to improve hypoxemia
despite AVL, the increase of decom-
pensated respiratory acidosis, increas-
ing blood lactate - 4 mmol/l, increasing
PaCO, >55 mmHg, respiratory index
(PaO,/Fi0O,) <85, SvO, <65%. VV-ECMO
was performed on a Maquet Rotaflow
device using a Medtronic Bio - Medicus
21 Fr cannula. V. femoralis dextra was
used for blood sampling, the Medtronic
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Fig. 1. ECG of patient M.: a - admittance day 24.02.22, b - day of deterioration 02.03.22

Fig. 2. Fragment of the right lung: thickened
interalveolar septa due to fibrosis. Erythro-
cytes, single- and double-nucleated macro-
phages, lymphocytes, leukocytes, traces of
protein fluid are observed in lumens of alveoli.
Desquamated respiratory epithelium can be
seen in some alveoli. (Fig.2-4 preparations
stained with hematoxylin and eosin, x100)

Fig. 3. Fragments of the right lung, infarction
zone: a) in fragments from the lower lobe of
the lung there are extensive hemorrhage
fields with foci of necrosis of the underlying
tissue, b) the border of the lung tissue and the
infarction zone displayed in the sample



Fig. 4. Fragment of the right lung: there is a
mixed thrombus in the vascular lumen.

Bio-Medicus 19 Fr return cannula was
placed in v. jugularis interna dextra. Ve-
nous catheterization was performed us-
ing puncture ultrasound navigation under
total intravenous anesthesia. The volume
perfusion rate of VV-ECMO was 2.5 I/min,
FiO, = 90%, and AVL was continued with
saturation at 94% to maintain airiness of
the lung tissue. Anticoagulant therapy
was performed by titrating the dose of un-
fractionated heparin under constant lab-
oratory control in order to prevent mas-
sive blood loss due to hypocoagulation.
Activated clotting time was maintained in
the range of 380-420 s. The conducted
VV-ECMO allowed to improve the param-
eters of gas exchange in arterial blood
(PaO, = 125 mmHg, PaCO, = 43 mmHg),
while mixed decompensated lactacidosis
persisted (ph 7.16) (Table).

On March 3, 2022, at 11:10 a.m.,
despite the ongoing measures, clinical
death happened due to progressive hy-
poxemia and multiorgan failure. CPR for
30 minutes without effect and at 11:40
min patient was pronounced dead.

Autopsy established the following di-
agnosis: Main diagnosis: U07.2 Novel
coronavirus infection, not laboratory con-
firmed (virus not identified). Communi-
ty-acquired bilateral viral pneumonia, in
the process of resolution, with organized
thrombi in the pulmonary vessels.

Complications of the main diagnosis:
Subacute myocarditis, with foci of necro-
sis. Disseminated and microfocal cardio-
sclerosis. Cardiovascular insufficiency
(NT-proBNP from 01.03.2022 - 2308 pg/
ml). Thromboembolism of small branches
of the pulmonary artery. S4, 5, 8 infarc-
tions of the right lung.

The diagnosis was confirmed by the
results of pathomorphological study
(Fig.2-4).

Discussion. The presented clinical
case shows that in the patient during

the recuperative period of COVID-19 the
symptoms of myocarditis prevailed, which
were successfully managed at the initial
stage of treatment. However, another
complication in the form of thromboem-
bolism of small branches of the pulmo-
nary artery led to acute respiratory and
cardiovascular failure with the develop-
ment of clinical death. Due to the severity
of the condition, PE was not verified by
computed tomography with pulmonary
artery contrast. The diagnosis and de-
cision to perform systemic thrombolysis
were justified by the specific presentation
and laboratory data (D-dimer >5.0 pg/mL,
NT-proBNP - 2303 pg/mL). The results of
pathological examination confirmed PE
and indicated that the patient had mul-
tiple "old" intravascular thrombi of small
branches, which probably began to form
in the acute period of the disease and had
few symptoms. That is why the thrombi
were lysed only partially and thrombolytic
therapy was not effective.

At present, the mechanism of hyper-
coagulation triggering and thrombosis
development after COVID-19 is not fully
understood and requires further investi-
gation. The main theory remains the de-
velopment of endothelial dysfunction due
to SARS-CoV-2 lesion and inflammatory
reaction at the contact site [10]. The tar-
get of the virus is angiotensin-converting
enzyme-2 (ACE-2), which is expressed in
endothelial cells of arterial, venous and
cardiomyocyte smooth muscle and al-
veolar lung epithelial cells [3, 5, 8]. The
SARS-CoV-2 virus also contacts cells
with the major protease Mpro with high
affinity, binding to the receptor (ACE-2)
and transmembrane serine protease-2
(TMPRSS-2) [9]. The active site of Mpro
in SARS-CoV-2 has structural similarities
to the coagulation factors Xa and throm-
bin and can therefore activate the clotting
system, triggering a reaction cascade
with thrombosis.

This case demonstrates that the pro-
cess of intravascular thrombosis can
develop in cases of mild to moderate
COVID-19, in the recuperative period of
the disease, in the absence of obvious
risks of venous thromboembolic compli-
cations and up to a certain point proceed
without evident laboratory and clinical
manifestations.

Conclusion. Thus, high suspicion for
thromboembolic complications should
remain in any patient who has had
COVID-19. The presented clinical case
demonstrates that the risk of fatal throm-
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boembolic complications during the con-
valescent period persists not only in the
severe form of the COVID-19 course, but
also in patients who have undergone this
disease in mild and moderate severity.
If the prophylactic use of low molecular
weight or unfractionated heparin is man-
datory during the entire inpatient period
of treatment of patients with COVID-19,
then the issues of choosing anticoagu-
lant drugs, their dose and timing of ad-
ministration after discharge remain un-
resolved. Early stratification of patients
according to the risk of thrombotic com-
plications, the correct choice of anticoag-
ulant therapy at all stages of treatment of
patients with COVID-19 will help to avoid
or reduce the development of severe
thrombotic complications.
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EARLY ULTRASOUND PRENATAL DIAGNO-
SIS OF LOWER OCCIPITAL CRANIOCERE-
BRAL HERNIA, AT 13/3 WEEKS

OF PREGNANCY

We describe a case of early ultrasound prenatal diagnosis of a rare disabling malformation of the fetal central nervous system, lower occipital
encephalocele, at 13/3 weeks of pregnancy. The article describes the characteristic ultrasound markers, stages of prenatal ultrasound diagnostics.
The prenatal diagnosis was established on the basis of the signs characteristic of this pathology of the central nervous system. The pregnancy was
terminated at 17 weeks by the decision of the family. Pathomorphological examination of abortus confirmed the echographic changes detected in

the prenatal period.

Keywords: fetus, lower occipital encephalocele, ultrasound prenatal diagnosis, pathomorphological examination.

Introduction. Craniocerebral hernia
(encephalocele) is the formation of a
hernial sac, with various anatomical con-
tents, localized in the area of a defect in
the vault of the skull bones, mainly in the
cranial sutures. Frequency -1.13: 10,000
newborns [1, 2].

Encephalocele is associated with a
disorder of the early embryonic develop-
ment of the cranial vault, during the lay-
ing of the brain plate and its closure into
the neural tube [3].

By localization, craniocerebral hernias
(hereinafter CCH) are divided into ante-
rior (frontal), nasopharyngeal, basal and
posterior (occipital). Depending on the
location above or below the occipital pro-
tuberance, upper or lower CCH is distin-
guished [2].

According to the contents of the her-
nial sac, a cranial hernia is divided into
meningocele, encephalocele and en-
cephalocystocele. In the first case, a
craniocerebral hernia contains dura ma-
ter covered with skin; large defects, when
the hernial sac includes brain tissue with
arachnoid (arachnoidea encephali) and
soft (pia mater) membranes, is an en-
cephalocele. Encephalocystocele is a
type of extremely pronounced form of
CCH, when a part of the ventricular sys-
tem of the brain also enters the hernia.
There are also "detached" cerebral her-
nias, the most favorable form of CCH,
when during the development period the
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hernia loses its connection with the cra-
nial cavity.[4]

The most frequent (up to 80-90%) and
prognostically unfavorable are occipital
hernias [1]

An echographic marker of CCH is the
detection of a defect in the bones of the
cranial vault and paracranial formation
of various localization and contents, de-
pending on which brain tissue enters the
hernial sac [5,6] Early prenatal diagnosis
of CCH in the first trimester of pregnancy
is possible after 11 weeks of pregnancy,
when the ossification of the bones of the
cranial vault is completed [1]

The fetal MRI method can supplement
and refine the ultrasound data, which is
important for choosing tactics for further
pregnancy management and long-term
prognoses. In 80% of cases of CCH,
various combined anomalies are ob-
served: microcephaly, ventriculomegaly,
agenesis of the corpus callosum, holo-
prosencephaly, congenital heart defects
and abnormalities of the musculoskele-
tal system. During prenatal examination,
it is also important to take into account
that CCH can be included in a number
of syndromic conditions, such as Meck-
el-Gruber syndrome, amniotic cords syn-
drome, Walker-Warburg syndrome and
frontonasal dysplasia [1] Treatment of
CCH hernias is operative, using plastic
surgery methods, especially with anterior
localization. Postoperative losses in CCH
reach 44%. Intellectual deficiency cases
in surviving children — vary from 40 to
91% [7] Fetal surgery experience around
the world shows the possibility of intra-
uterine surgical treatment of CCH in the
period from 24 to 26 weeks of gestation,
with minimal neurological symptoms in
the postpartum catamnesis [8,9]

Materials and methods. Patient K.,
25 years old. Healthy. This pregnancy
is the second, the first ended less than

a year ago with premature operative de-
livery at 33 weeks. The first pregnancy
proceeded with severe anemia, weight
deficiency, chronic fetoplacental insuffi-
ciency, fetal growth retardation syndrome
of the 1st degree. The child died at the
6th week of life due to fungal bacterial
sepsis.

With the current pregnancy, the pa-
tient registered with the hospital for regu-
lar screening at 6-7 weeks of pregnancy.
This pregnancy proceeded with early tox-
icosis of moderate severity, for which she
received treatment in a hospital. Chronic
nicotine intoxication is noted, smoking
experience is 2 years before the onset
of the first pregnancy. The effect of other
teratogenic factors are denied by the pa-
tient. Civil marriage, not related. Husband
is 27 years old, smokes. Spouses have
no industrial hazards at work. The gene-
alogical anamnesis of the husband is not
burdened. The first planned screening
examination of the fetus was carried out
at the time of 13/3 weeks of pregnancy
on an Accuvix A-30 ultrasound device,
Samsung Medison, with sensors: volu-
metric 4-8 Mhz and convex 4-9 Mhz.

Results. Fetometrial data during the
screening study at 13/3 weeks of preg-
nancy corresponded to the gestational
norm (Fig.1) When examining the bones
of the fetal cranial vault, in the lower
part of the occipital region, on the left,
a thin-walled hernial formation, rounded
in shape, measuring 7 x 6 mm was de-
termined paracranially (Fig.2) The echo-
structure of the hernial formation is het-
erogeneous (most likely the brain mem-
branes in the cerebrospinal fluid) (Fig.3)

In the occipital region of the fetal head,
a defect of the skull bones with a width of
1.7 mm was clearly defined in the arch.
In the CDU (Color Doppler Ultrasound)
mode — avascular. There were no other
echographic markers of chromosomal



Fig.2. 3D- fetal reconstruction

abnormality and markers pathognomonic
for the syndromic diagnosis. The patient
was referred to the second stage of ex-
amination at the MGC, where the diagno-
sis was fully confirmed. Prenatal karyo-

typing was not performed. At the age of
17 weeks, with the consent of the family
and following the results of the collegial
conclusion of specialists, a medical ter-
mination of pregnancy was performed.

A pathoanatomic examination of the
fetus revealed: female abortus, weigh-
ing 250 g, height 21 cm. Examination of
the cervical-occipital region revealed a
hernial protrusion with a diameter of 15
mm. The contents of the hernial sac are
edematous membranes of the brain, a
hernial defect of 6 mm. The cerebellar
hemisphere was closely attached to the
bottom of the hernial opening. The inter-
nal organs are formed correctly, without
visible malformations.

Discussion. The described case of
early prenatal diagnosis of occipital en-
cephalocele at 13/3 weeks of gestation
is the first of its kind in Yakutia, in which
all stages of prenatal examination, coun-
seling and postmortem verification are
observed. Conducting the first prenatal
screening study at more than 11 weeks of
gestation made it possible to timely iden-
tify a disabling malformation and, with
less moral and material losses, prevent
the birth of a child with a severe, disabling
pathology of the central nervous system.

Around the world, in specialized clin-
ics, most cases of encephalocele are
diagnosed during screening ultrasound
studies [2]

In the described case, the cause of
isolated folate-dependent malformation
of the central nervous system in the fetus
is probably multifactorial: recent pregnan-
cy, hormonal discorrelation, chronic hy-
poxia, malnutrition and weight deficiency
(the woman's BMI when registering with
the hospital - 17.3 kg / m?)

Taking into account the latter fact, in
order to reduce the number of folate-de-
pendent malformations, in women's con-
sultations - it is advisable to work more
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actively in the family planning office with
maternity hospitals with unfavorable
pregnancy outcomes, prescribing folic
acid, patronage of families in the first
year after the loss of a child, offering psy-
chological counseling and regular pre-
ventive talks.
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A CLINICAL CASE OF PARTIAL RED CELL
APLASIA IN A 2-YEAR-OLD CHILD

Currently, no more than 300 patients with pure red cell aplasia have been described. A rare case of pure red cell aplasia in a Sakha child is

presented in the article.
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Introduction. Pure red cell aplasia
(PRCA) is a rare form of congenital he-
matopoiesis resulting from apoptosis of
erythroid precursors in the bone marrow
due to a defect in ribosome biosynthesis
[1-4]. PRCA was first described by Kaz-
nelson in 1922. Subsequently, a number
of cases of this disease were described,
with thymoma tumor of the thymus gland
(thymoma) identified in a significant pro-
portion of patients [2].

Currently, most of the genetically de-
ciphered cases of PRCA are the result of
haplotypic deficiency of genes encoding
small or large ribosome subunit proteins;
single cases of PRCA resulting from mu-
tations of GATA1, FLVCR1, and TFR2
have also been identified. Congenital
forms of PRCA with a debut at 2 years
of age have been described. The course
of the disease is chronic, and in some
cases remission is achieved [1-3]. This
article presents an interesting case of a
Sakha patient with pure red cell aplasia
(PRCA).

Clinical example. Child, name I,
Sakha, 2 years old. Anamnesis of life -
child from the 1st pregnancy, which pro-
ceeded in the first half with toxemia, in
the 2nd half proceeded without features
according to the mother’s speech. Deliv-
ery 1, in term, 41 weeks, natural. Weight
at birth is 3020 grams, height is 51 cm.
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Was breastfed on the first day. Apgar
score 8/9b. Discharged home from the
nursery on the fifth day. Breast-feeding
up to the age of 1 month. Psychomotor
development up to the age of 1 year of
age corresponded: holds his head after 2
months, rolls over by 4 months, sits after
6 months, crawls after 7 months, walks
after 10 months.

Mother's diseases are anemia, aller-
gic diseases. Heredity, according to the
mother, was not aggravated.

Preventive vaccinations according to
the national vaccination calendar.

Past illnesses: frequent acute respi-
ratory infections, COVID 19, bronchitis,
bronchial asthma.

Allergic history: citrus, dust.

There were no operations carried out.

Past medical history: since January
2021, the child has been bothered by
frequent acute respiratory infections,
with a prolonged cough, pallor, lethargy
and weakness. In February 2021, the
child was referred to the central region-
al hospital for treatment. Complaints on
admission: frequent acute respiratory in-
fections and prolonged cough, pale skin,
weakness, lethargy, cough. Discharged
in March 2021 with improvement.

On 29.09.21, with complaints of pro-
longed cough, pale skin, weakness, leth-
argy, cough, the child was referred to the
pulmonology department of RH #1-NCM.

According to the results of the exam-
ination: general analysis and biochemical
analysis of blood contained no features.
Tests for infections were taken: CMV
DNA was positive. Blood PCR for CMV
was negative, herpes simplex virus 1.2
was negative. Urine PCR for CMV was
positive. Clinical diagnosis: Obstructive
bronchitis. Lingering course. Combined
etiology. CMV infection with bronchopul-
monary involvement.

The child was treated with Viferon
150,000 IU 2 times a day, azithromycin
10 mg/kg/day (120mg) once a day for 5
days, hofitol 0.5 ml 3 times a day, linex 1
capsule 3 times a day, ursodeoxycholic

acid 50 mg 2 times a day, valganciclovir
16 mg/kg 2 times a day. On 14.10.22 the
child was discharged in satisfactory con-
dition.

From 31.01.22 to 26.02.22, the child
had a coronavirus infection. Since
17.02.22 his condition worsened: weak-
ness, lethargy, pronounced pallor. On
February 17, 2022, the child was hospi-
talized in the infectious diseases depart-
ment of RH#1-NCM.

Paraclinically: General blood test
of 16.02.22.: white blood cells (WBC)
11x10% (RI: 7.5 - 11x10 9/1), red blood
cells (RBC)-1.72x10"%/I (RI: 4-4.9x10"/I),
hemoglobin (HGB) - 44 g/ (RI: 110-
5=132x10 g/l), stabular neutrophils - 6%
(RI: 1-5%), segmented neutrophils - 21%
(RI: 35-55%), lymphocytes - 69% (RI:
35-55%), monocytes - 4% (R1:4-6%), eo-
sinophils - 4%(RI: 0-5%), reticulocytes 0.
2% (RI: 0.4- 1.3%), COE 37 mm/hour (RI:
1-15 mm/hour). Conclusion: Hypochro-
mic anemia of the 2nd-3rd degree.

Biochemical blood test of 2/16/22:
Alanine aminotransferase (ALT) 43.43
U/L (RI:00-40.00 U/L), aspartate ami-
notransferase (AST) 39.4 U/L (RI: 00-
40.0 U/L), blood glucose 4 mmol/L (RI:
3.3-5.60mmol/L), total protein 59.5 g/L
(RI: 51.00-73. 00 g/l), albumin 46.5 g/l
(RI: 35.0-50.0 g/I), creatinine 25.5 pmol/l
(RI:  35.00-110. 00Ommol/l), urea 6.8
mmol/l (RI: 3.3-5.8 mmol/l), serum iron
62.9 g/l (RI: 9.0- 30.4 g/l), total bilirubin
4 pmol/l (RI: 3.4- 17.10 umol/l). Conclu-
sion: elevated serum iron level.

On February 17, 2022 the child was
urgently transferred to the oncohemato-
logical department of PC RH#1-NCM.

Myelogram from 18.02.22: granulocyt-
ic growth with delayed myelocyte stage
with absence of erythroid growth indica-
tors. The morphological picture is typical
for pure red cell aplasia.

The patient was consulted with the
Federal State Budgetary Institution "Re-
search Institute of the Russian Academy
of Medical Sciences named after Dmitri
Rogachev", and an examination to clarify



the diagnosis was recommended. Molec-
ular genetic studies confirmed the pres-
ence of mutations in ribosomal genes
(RPS19, RPS10, RPS24, RPS26, RPL5,
RPL11, RPL35a, RPS7, RPS17), indicat-
ing pure red cell aplasia.

L-lycine was prescribed, hemotransfu-
sion #1 - 30 ml.

On discharge - general blood test dat-
ed 30.12. 2021 - white blood cells (WBC)
- 4.4*10% (RI: 7.5 - 11x10 °/1), red blood
cells (RBC) - 4.3x10"%/I (RI: 4-4.9x10"/I),
hemoglobin(HGB) - 120.2 g/l (RI: 110-
132x10 g/l), stab neutrophils - 3% (RI:
1-5%), segmented neutrophils - 27% (RI:
35 - 55%), lymphocytes - 55%(RI: 35-
55%), monocytes - 5% (RI:4-6%), retic-
ulocytes 0.4 (RI: 0.4 - 1.3%), COE 3 mm/
hr(RIl: 1-15 mm/h). Conclusion: There
was an improvement in the laboratory
indexes.

Clinical diagnosis: Pure red cell apla-
sia. Concomitant diagnosis: Atopic der-
matitis. Limited form. Subacute course.
Congenital heart defect. Grade 2 mitral
valve insufficiency. Left supplementary
coronary artery. E66.0 Grade 1 paratro-
phy. Hypoplasia of the right kidney. Phys-
iological phimosis.

The sick child was discharged from
the hospital with recommendations:
Prednisolone at a dose of 1.5 tablets per
day, divided into 3 doses. Re-admission
to the hospital in 1 month.

In the period from 23.05.22 to 7.06.22
he was twice hospitalized to the onco-
hematology department of PC RH Ne1-
NCM on emergency indications due to
worsening of his condition and changes
in blood tests.

Examination on admission: Objective
examination on admission: Height - 85
cm, weight - 16 kg, temperature - 36.1,
heart rate - 24 per minute, heart rate up to
96 per minute. Condition was moderate
in relation to the underlying disease. His

well-being was not impaired. His appetite
was not disturbed. Sleep was calm. Clear
consciousness. The build was correct.
Subcutaneous fatty tissue; distributed
evenly. The pharynx was not hyperemic.
The mucous membranes of the mouth
and pharynx were clear, pale in color.
Nasal breathing was free. The bones and
joints system had no features. Peripher-
al lymphatic system: lymph nodes were
not enlarged. The thorax was regular in
shape. On percussion of the chest - clear
pulmonary sound. On auscultation of the
chest, vesicular breathing was heard, no
rales. The heart tones were clear and
rhythmic. The abdomen was soft and
painless. The liver and spleen were not
enlarged. Urination was free and pain-
less. There were no peripheral edemas.

Paraclinically: general blood test of
14.06.22 - White blood cells (WBC) -
4.23x10%1 (RI: 7.5 - 11x10 9/), red blood
cells (RBC) - 2.3*10"/I (RI: 4-4.91012/1),
hemoglobin(HGB)- 60.0 g/l (RI: 110-
132x10 g/l), stab neutrophils - 1% (RI6
1-5%), segmented neutrophils - 22%
(RI: 35-55%), lymphocytes - 54%(RI 35-
55%), monocytes - 9% (RI:1-5%), reticu-
locytes 4 (RI: 4-6%), COE 3 mm/hr (RI:
1-15 mm/h). Conclusion Decreased he-
moglobin, erythrocytes.

The child was clinically diagnosed
with: Primary disease: Pure red cell apla-
sia.

Treatment was prescribed: Table #15,
L-leucine 1000 mg/sq.m. - 540mg. Three
times a day for 3 months, replacement
therapy by transfusion of washed red
blood cells.

Against the background of the therapy
the condition and blood parameters im-
proved. At present the child is receiving
treatment at the place of residence, pe-
riodically comes to the oncohematology
department of RH Ne1-NCM for replace-
ment therapy with washed red blood
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cells.

Conclusion: Pure red cell aplasia
(PRCA) is a rare syndrome characterized
by a reduced number of erythroid cell
precursors in the bone marrow. In pure
red cell aplasia, a careful examination
of the patient is necessary to exclude a
neoplastic process, differential diagno-
sis with sideroblastic anemia and acute
leukemia, transient erythroblastopenia,
congenital hypoplastic anemia and Pier-
son syndrome. NGS sequencing and
telomere length determination are used
in the diagnosis. The main treatment for
pure red cell aplasia is red cell transfu-
sion and administration of L-leucine and
glucocorticosteroids.
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DIFFICULTIES IN DIAGNOSING
PARKINSON'S DISEASE WITH DEMENTIA
AND DEMENTIA WITH LEWY BODIES

IN CLINICAL PRACTICE

Dementia is a chronic cognitive decline affecting all domains of cognition with an unfavorable outcome, observed in both dementia with Lewy
bodies (DLB) and Parkinson's disease (PD). These two conditions belong to the group of alpha-synucleinopathies. In DLB and PD, attention,
goal-directed activity, visual-spatial orientation, visual-constructive ability, and memory are affected. The similarity of the profile of cognitive impair-
ment in PD with dementia and DTL leads to some difficulties in the diagnosing of these two diseases. Using their own observations, the authors
have demonstrated that an important aspect in making the correct diagnosis is objective information from relatives and analysis of the available

medical records.

Keywords: dementia, dementia with Lewy bodies (DLB), Parkinson's disease (PD), cognitive impairment, visual hallucinations.

Introduction. Parkinson's disease
(PD) and dementia with Lewy bodies
(DLB), or diffuse Lewy bodies disease,
are associated neurodegenerative dis-
eases that belong to the group of al-
pha-synucleinopathies and have similar
cognitive, behavioral, and autonomic
disturbances [1, 2]. Alpha-synuclein is a
protein consisting of 140 amino acids,
which can aggregate under pathological
conditions to form intracellular inclusions
- Lewy bodies [7].

According to the Braak theory, the
neurodegenerative process in PD un-
dergoes 6 stages and starts from the nu-
clei of the vagus nerve and the olfactory
bulb. Classical motor symptoms appear
at stage 3 of the degenerative process,
when the Lewy bodies are found in the
neurons of the substantia nigra of the
midbrain. Starting from stage 4, the pro-
cess involves the cortex neurons, which
causes the development of cognitive
disorders and their progression up to the
dementia level [8]. In DLB, the neuro-
degenerative process is multifocal, and
Lewy bodies are found in the cerebral
cortex from the very early stages, which
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may explain the early onset of cognitive
impairment. However, in DLB brainstem
lesions may be less severe than in PD,
resulting in a less prominent presentation
of parkinsonism in patients [9].

In 2017, McKeith and colleagues pub-
lished updated criteria for the diagnosis of
DLB, in which dementia is a core symp-
tom of the disease. Additionally, cognitive
fluctuations, visual hallucinations, REM
sleep disorder, and signs of parkinson-
ism are considered to be main features.
Symptoms such as hypersensitivity to
neuroleptics, falls, severe autonomic
dysfunction, hyposmia, anxiety, and ap-
athy are attributed to supportive (but not
obligatory) criteria [5]. Thus, dementia is
an obligatory feature of DLB.

Regarding PD, at the early stages 20%
of patients have mild to moderate cogni-
tive impairment [3]. After 3.5 years, 57%
of patients have moderate cognitive im-
pairment, and in 10% of cases, cognitive
impairment already reaches the degree
of dementia; after 17 years of the dis-
ease, dementia develops in almost 80%
of patients with PD. Risk factors for the
development of dementia in PD includes:
age, akinetic-rigid form of the disease, re-
duced semantic speech, genetic factors,
low level of education, and postural insta-
bility [10]. Thus, dementia in PD develops
later, while in DLB it is already present
from the disease onset. In this regard, it
is useful to apply the "first-year rule" in
clinical practice: if dementia presents in
the background of PD after at least 1 year
from the onset of motor symptoms, it is
regarded as PD with dementia; if demen-
tia develops within the first year from the
onset of parkinsonism or even precedes
or occurs simultaneously with the devel-
opment of motor symptoms, these cases
are classified as DLB [11].

Table 1 lists the overlapping features
and distinguishing features of dementia
in PD and DLB [6].

Hence, the cognitive impairment pro-
file in PD with dementia and DLB is nearly
identical. When patients are approached
without obtaining objective information
from relatives or medical records, there
may be difficulties in establishing a cor-
rect diagnosis.

Further, we present two clinical cases
of PD with dementia and DLB.

Clinical case Ne1. Patient E., 60
years old, was referred to the neurolo-
gy department with complaints of slow-
ness and depletion of movements, un-
steadiness and freezes when walking,
acceleration during forward movement,
urinary incontinence, persistent consti-
pation, loss of sense of smell, change of
handwriting, feelings of sadness, anxiety,
sleep disorders, non-intimidating visual
hallucinations.

Patient had been ill during 7 years.
First symptoms of disease in the form of
slowness of movements were noticed by
her colleagues. Slowness of movements
and shuffling when walking appeared next
year. Neurologist diagnosed Parkinson's
disease and prescribed 50 mg of piribe-
dil 3 times a day. During treatment, the
patient began to show positive dynam-
ics. On the third year of the disease, she
had mild urinary incontinence, worsened
motor symptoms such as difficulties with
standing up from the chair, tremor and
increased slowness of movements. At
the fourth year of the disease the patient
started therapy with levodopa (levodopa/
carbidopa 250/25 mg 3 times a day) with
a slight effect in the form of reduction of
stiffness. From the fifth year of illness,
when she lived alone at home, she began
to invite strangers home from the street,
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Similarities and differences of PD with dementia and DLB (according to Jellinger K. u Korczyn A., 2018; modified by authors)

Sign PD with dementia Lewy bodies dementia
Less pronounced than in PD
[NapxuHCOHM3M Obligatory May absent in 25% of patients
Tremor less frequent
PP . . Dysregulation with greater impairment of memory and
Cognitive impairment Dysregulation attention than in PD
Visual-spatial impairment Typical Typical

Visual hallucinations

Frequently caused by dopaminergic
therapy, but can also occur

spontaneously

More frequent, spontaneous, not associated
with visual-spatial and gnosis impairment

Anxiety, depression

Typical

Typical

Rapid eye movement phase sleep

Yes, can precede motor symptoms

Yes, can precede dementia

disorder
Sensitivity to neuroleptics +++
Autonomic failure ++

called them her close friends and offered
them food. At the same time, relatives be-
gan to notice that the patient periodically
began to babble, talking to non-existent
people, saw them in the room and in the
window. Sometimes she was critical of
her own visions, mood swings with pro-
nounced anxiety and restlessness were
noted.

At the admission, the patient was
taking levodopa/carbidopa 250/25 mg 3
times daily, pramipexole 1 mg once daily
and levodopa/benserazide 200/50 mg 3
times daily. The duration of this medica-
tion combination is unknown, due to cog-
nitive impairment and lack of discharge.

In the neurologic status: anosmia,
hypomimia, bradylalia, positive oral au-
tomatism reflexes. Muscle tone in the
arms was elevated by the "cogwheel"
type, predominantly on the left; in the
legs, elevated by the "lead tube" type,
more on the left. Tremor of the jaw. Se-
vere oligobradykinesia. Pull-test is pos-
itive. Shuffling gait. Bending posture.
Drug-induced dyskinesias in the trunk
and limbs. She scored 73 on part 3 of
the UPDRS scale.

The patient was awake and appeared
untidy. While examining her, keeps quiet-
ly singing along to the motive of the song,
says she "spins in her head", so she feels
better. She interacts, self-criticism was
reduced. She follows instructions, easily
exhausted.

Attention is unfocused, easily dis-
tracting. Mnestic impairments such as
difficulty with the delayed reproduction,
cannot remember with the help of cues.
Reduced volume of auditory verbal
memory. Reduced phonetic speech ac-
tivity (7 words per minute, while normal
is 11 words). Difficulties in assimilation
of motor series in the dynamic praxis
test, substitutions for stereotypies were

noted. She failed the clock drawing test
(Fig. 1A). Serial counting impairment also
was noted. Therefore, taking into account
the findings of the examination, we can
suggest the presence of cognitive dis-
orders of a dysregulatory neurodynamic
character associated with cortical frontal
dysfunction.

The MoCA test was performed - 13/30
points, the Hospital Anxiety and Depres-
sion Rating Scale (HADS) scored 15
points for anxiety and 11 points for de-
pression.

Brain MRI revealed moderate atrophic
changes of the cerebral hemispheres,
cerebellum, slight atrophy of midbrain.

Based on the medical history (she
has been observed with PD for 7 years,
symptoms of cognitive decline have been
present since the 5th year of the disease)
and clinical presentation (parkinsonism,
dementia, visual-spatial disturbances,
visual hallucinations, autonomic dys-
function, drug-induced dyskinesias) the
patient was diagnosed with PD with de-
mentia.
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Treatment correction was carried out:
one drug of levodopa was withdrawn,
leaving only levodopa/carbidopa in a
dose of 250/25 mg 3 times a day, prami-
pexole was withdrawn, and memantine
was added with titration up to 20 mg/day
and atypical neuroleptic quetiapine 12.5
mg before bedtime. After 3 weeks, as a
result of treatment correction, drug-in-
duced dyskinesias had resolved, the se-
verity of hypokinesia and muscle rigidity
had decreased, walking became better
(scored 41 points on Part 3 of the UP-
DRS), visual hallucinations had resolved,
and her clock drawing test score had im-
proved (Figure 1B), with a score of 20/30
points on the MoCA.

Clinical case Ne2. Patient K., 69
years old, came to the consultation with
her daughter, with complaints of recurrent
visual hallucinations, memory loss, for-
getfulness, general weakness, trembling
of the right limbs, muscle stiffness, more
in the right limbs, slowness of movement,
walking freezes.

The patient has been observed since

b
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Fig. 1. Result of patient E's clock drawing test: A - at admission: the face and arrows are missing,
sectoral pattern determined; B - during therapy correction: slight displacement of digits on the

face, equal size of the arrows.
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Fig. 2. K'’s clock drawing test results.

the onset of the disease. At the age of
65 years, right leg trembling and shuf-
fling when walking appeared. Initially,
the patient did not notice the symptoms,
because they were explained as a re-
sult of a food poisoning. Over the next
six months, however, her right hand be-
gan to tremble and her memory started
to decline. At the same year the patient
came to us for treatment. Examination
revealed hemiparkinsonism in the right
side, rest tremor in the right extremities,
with a score of 38 on UPDRS Part 3. In
addition, extracampine hallucinations in
the form of false presence were revealed,
she was not able to perform the clock
drawing test (Fig. 2), her verbal activity
was reduced (phonetically associated
words - 4, semantically associated words
- 2), visual memory was reduced (spon-
taneous reproduction of 2 pictures out of
12), but recognition was preserved (she
named 11 pictures out of 12 with hints).
An MRI scan of the brain detected mod-
erate convexital atrophy of the frontal re-
gions. On account of the equal severity
and simultaneous development of par-
kinsonism and cognitive impairment, the
diagnosis of diffuse Lewy bodies disease
was established. She was prescribed
levodopa/benserazide titrated up to 100
mg/25 mg 3 times daily, acetylcholines-
terase inhibitor donepezil titrated up to 10
mg daily (however, she took only 5 mg
daily because of fear of adverse effects).
During therapy, however, motor activity
improved and extracampine phenomena
were eliminated.

The year following, visual hallucina-
tions commenced, she began to see her
children. During examination there was
no deterioration of motor symptoms, she
was not able to perform the clock draw-
ing test, she drew sectors, there was a
deterioration of visual memory: she was
able to reproduce only 4 pictures with
hints, 5 false memories were detected.
For relieving hallucinations, the atypical
neuroleptic drug quetiapine in a dose of

12.5 mg at night was recommended, and
the dose of donezepil was increased up
to 10 mg. There was significant improve-
ment during treatment: hallucinations
were eliminated, the patient became able
to take care of herself better, and could
do her own domestic routine work.

After 6 months, the patient continued
to worsen: she began to speak to her-
self, and the slowness of her movements
became more pronounced. Examination
revealed a significant increase in par-
kinsonian symptoms (she scored 62 on
UPDRS Part 3). Due to increase of motor
symptoms the dose of levodopa/benser-
azide was increased up to 150/37.5 mg 3
times a day with positive effect. Relatives
began to notice fluctuations in severity of
cognitive impairment: at evening hours,
the patient became clearer, more ade-
quate.

For the next two years (2020-2021),
the patient was at home due to COVID-19
restrictive measures. During this time,
the cognitive status significantly wors-
ened, visual hallucinations became more
frequent, but there was no rapid increase
in the symptoms of parkinsonism.

Neurological examination showed:
hyposmia, hypomimia, oral automatism
reflexes, muscle tone of extremities
moderately increased by lead tube type,
S>>D; strength in extremities sufficient,
without any paresis; a resting tremor in
left arm, right leg; moderate hypokinesia,
D<S; pull-test is positive; shuffling, achy-
rokinesis on right side (she scored 37 on
UPDRS scale, part 3).

She was unable to complete the clock
drawing test, cube copying test; verbal
activity decreased (phonetic - 1 word per
min, semantic - 2 words per min). She
scored 9/30 on the MoCA scale.

Discussion. In summary, the cogni-
tive profile of both patients was nearly
identical at the time of examination. The
only thing that cardinally distinguished
the patients was time of cognitive impair-
ment onset. Patient E.'s dementia devel-
oped along with the long-lasting PD. It
is highly likely that her visual hallucina-
tions were associated with excessively
high doses of levodopa medications (she
was taking 1350 mg/day) and intake of
dopamine receptor agonist pramipexole,
a group of drugs which more frequently
than levodopa cause development of hal-
lucinations. We abstained from prescrib-
ing acetylcholinesterase inhibitors due
to bradycardia. When the hallucinations
steadily resolved, the atypical neurolep-
tic can be completely withdrawn. In con-
trast, in patient K., the onset of cognitive
impairment was almost simultaneous
with the development of parkinsonian

symptoms. We also observe visual-spa-
tial impairment and visual hallucinations.
Additionally, fluctuations of the cognitive
status were detected. All these factors
combined made the diagnosis of DLB
possible.

Conclusion. PD and DLB are clinical-
ly and pathomorphologically similar dis-
eases; both relate to disorders with accu-
mulation of Lewy bodies. The difference
is in the more widespread neurodegener-
ative process in DLB and, consequently,
in the early development of cognitive im-
pairment. Treatment of DLB and PD with
dementia has similarities: to reduce the
severity of parkinsonism there is a pref-
erence for levodopa drugs, regardless of
the age of the patient; to treat cognitive
impairment, acetylcholinesterase inhibi-
tors and the NMDA-receptor antagonist
memantine are prescribed; to relieve
hallucinations, atypical neuroleptics are
cautiously prescribed.
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