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HSPD1 gene polymorphism is associated
with an increased risk of ischemic stroke
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Abstract

Background: Ischemic stroke (IS) is a leading cause of death and disability worldwide. Since the
influence of vascular stressors prompts cross-reactivity with microbial and human HSPD1 (HSP60),
which results in the degradation of vascular endothelium and intimal infiltration by mononuclear
cells, HSP60 is viewed as a key player in the autoimmune theory of atherosclerosis. The aim of the
study: The present pilot study investigated whether the tag SNP rs11682567 HSPDL1 is associated
with the risk of IS. Materials and methods: DNA samples from 1176 unrelated Russian subjects
(708 IS patients and 468 healthy controls) were genotyped for tagging SNP rs11682567 in the HSPD1
gene using the MassArray-4 system. A log-additive regression model was used to interpret the asso-
ciations between genotypes and IS risk. Results: We discovered that smoking, a major environmental
endothelial stressor, dramatically modifies the link between rs11682567 and IS, with a relationship
only being seen in smokers (risk allele G; OR =2.11, 95% CI = 1.17-3.82; P = 0.0075). The functional
annotation of this SNP revealed that risk allele G of rs11682567 impacts the expression and alterna-
tive splicing of genes that regulate brain ischemia-reperfusion injury, reactive oxygen species pro-
duction, toll-like receptor 4 internalization, and pro-inflammatory properties. Moreover, allele
G rs11682567 creates binding sites for transcription factors jointly involved in biological processes
encompass neurogenesis, monocyte differentiation, fatty acid metabolism, cell signalling, and apop-
tosis. Conclusion: Thus, rs11682567 SNP in the HSPD1 gene represents a novel genetic marker of
ischemic stroke, whose significance for the pathogenesis of IS is mediated by smoking.

Keywords: ischemic stroke; heat shock; mitochondrial folding; HSPD1; HSP60; chaperones; ather-
osclerosis; autoimmune response; rs11682567; smoking
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Introduction. Ischemic stroke is a major
global cause of death and disability [1]. A lot
of studies have been done so far to investigate
the genetic nature of stroke [2] and stroke-re-
lated phenotypes, like hypertension [3] and
atherosclerosis [4]. Heat Shock Proteins
(HSPs) are engaged in a number of cellular
processes, including immunological response,
inflammation, and apoptosis, that may have an
effect on the outcomes of stroke [5]. Also, by
stabilising proteins and assisting in protein re-
folding and degradation, HSPs directly con-
tribute to the protection of cells and tissues
against the damaging effects of ischemia [6].

HSPD1, otherwise known as heat shock
protein 60 (HSP60), is a chaperonin that is pre-
sent in human mitochondria. It assists in pro-
tein folding and is required for preserving mi-
tochondrial functionality, which is essential for
cell survival [7]. A major risk factor for stroke
is atherosclerosis, an inflammatory condition
which was initially referred to an immunolog-
ical response against HSP60 [8]. There is a

chance of cross-reactivity between human and
microbial HSP60, which can cause endothelial
damage and inflammation and possibly aid in
the onset of atherosclerosis [4]. To our
knowledge, no research has looked into the re-
lationship between HSPD1 SNPs and IS risk.

The aim of the study. To investigate
whether SNP rs11682567 HSPDL1 is related
with the risk of IS.

Materials and methods. The study en-
rolled 1176 unrelated Russians from Central
Russia, including 708 patients with IS and 468
healthy people. The study protocol was ap-
proved by the Kursk State Medical Universi-
ty's Ethical Review Committee. Before being
accepted into the study, each participant pro-
vided written informed consent and agreed to
the inclusion criteria listed below: self-de-
clared Russian ancestry and birthplace in Cen-
tral Russia.

In Table 1, the study population's base-
line characteristics are presented.

Table 1
Baseline characteristics of the studied groups
. - IS patients Controls
Baseline characteristics (n=708) (n=468) P-value
Age, Me [Q1; Q3] 63 [55; 70] 57 [54; 64] <0.001
Males, N(%

Gender (%) 399 (56.4%) 168 (35.9%) <0.001

Females, N(%) 309 (43.6%) 300 (64.1%)

. Yes, N (%) 365 (51.5%) 82 (17.5%)
Smoking No, N (%) 343 (48.5%) 386 (82.5%) <0.001

Both the Regional Vascular Centre of
Kursk Regional Clinical Hospital and the Neu-
rology Clinics of Kursk Emergency Medicine
Hospital participated in the study's patient re-
cruitment [9-12]. In order to diagnose IS during
the acute phase of stroke, the results of the neu-
rological examination, brain computed tomog-
raphy, and/or magnetic resonance imaging were
used. The following conditions were used to ex-
clude individuals from the IS study: traumatic
brain injury; intracerebral haemorrhage; hemo-
dynamic or dissection-related stroke; hepatic or
renal failure; autoimmune, oncological, or other

disorders that can produce an abrupt cerebro-
vascular event. All of the IS patients had a his-
tory of hypertension and were taking medica-
tion to lower their blood pressure.

The control group consisted of healthy
volunteers with normal blood pressure, not re-
ceiving antihypertensive therapy, without clin-
ical signs of cardiovascular, cerebrovascular
and other serious diseases. If a healthy individ-
ual's systolic blood pressure was less than 130
mm Hg and/or their diastolic blood pressure
was less than 85 mm Hg on at least three dif-
ferent occasions, they would have qualified for
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inclusion in the control group. When undergo-
ing medical examinations at public institutions
and industrial businesses in the Kursk region,
control subjects were recruited from Kursk
hospitals during particular periods [13, 14].
During the same time frame and from the same
population, this cohort was recruited [15].

The selection of SNPs was based on the
following criteria: the SNP needs to be tag-
ging, with a minor allele frequency of at least
0.05 in the European population, and stand out
for having a high regulatory potential. The bi-
oinformatic tools SNPinfo Web Server
(https://snpinfo.niehs.nih.gov/) and LD TAG
SNP Selection, which were used to identify
SNPs based on the reference haplotypic struc-
ture of the Caucasian populations (CEU, TSI)
of the project HapMap, determined that the
rs11682567 HSPD1 is a tagging SNP. This
SNP is located in intron chr2:197490429
(GRCh38.p14) and characterized by the re-
placement >G
(https://www.ncbi.nlm.nih.gov/snp/rs11682567).

The regulatory potential of rs11682567
was evaluated using a variety of bioinformatic
tools [16]. The RegulomeDB online tool
(https://regulomedb.org/regulome-search/ (ac-
cessed November 20, 2022)) showed that
rs11682567 is characterized by a regulatory
coefficient of 5 (TF binding or DNase peak).
This SNP is characterized by Enhancer histone
marks and regulatory motifs, according to the
HaploReg  (v4.1) database  (http://ar-
chive.broadinstitute.org/mammals/hap-
loreg/haploreg.php (accessed on November
20, 2022)).

The NCBI source's data
(https://www.ncbi.nlm.nih.gov/snp/) indicates
that this genetic variation is described by an
average minor allele frequency of >0.05 in Eu-
ropean populations. In light of the fact that
SNP rs11682567 satisfies the prerequisites for
study inclusion, it was chosen for our research.

Genetic Analysis. The Laboratory of
Genomic Research at the Research Institute for
Genetic and Molecular Epidemiology of Kursk
State Medical University (Kursk, Russia) per-
formed the DNA analysis. The conventional
technique of phenol/chloroform extraction and

ethanol precipitation was used to extract ge-
nomic DNA from thawed blood samples. The
MassARRAY -4 genetic analyzer (Agena Bio-
science, San Diego, CA, USA) was used for
genotyping.

The SNP primers were created through the
use of the Agena Bioscience's Assay Design
Suite software, and genotyping was accom-
plished by means of matrix-assisted laser desorp-
tion ionization mass spectrometry (MALDI-
TOF). The remaining dNTP and primers were
removed by employing the SAP enzyme after a
PCR reaction specific to the locus. Mass-modi-
fied dideoxy-nucleotide terminators of an oligo-
nucleotide primer were then utilized to carry out
single-base extension, which occurred upstream
of the desired polymorphic site.

A PCR reaction was conducted on a
spectral chip using a 5 pL reaction mixture that
included 3 uL of PCR mix consisting of 80.6
uL of ddH20, 50.4 puL of 10x buffer, 40.3 puL
of MgCl12 (25 mmol/L), 10.1 pL of a mixture
of ANTP (25 mmol/L), 100.8 puL of a mixture
of PCR primers (0.5 mmol/L), and 20.16 pL of
HotStartTaq polymerase (5 U/uL), as well as 2
uL of DNA (10 ng/uL). The reaction was car-
ried out for 125 minutes in a CFX96 Bio-Rad
thermal cycler, with the following program:
denaturation at 95 °C for 2 minutes, followed
by 44 cycles of denaturation at 95 °C for
30 seconds, annealing at 56 °C for 30 seconds,
and elongation at 72 °C for 60 seconds. The
samples were then incubated at 72 °C for
5 minutes.

The unreacted dNTPs present in the PCR
samples were eliminated using the shrimp al-
kaline phosphatase (SAP) reaction, which in-
volved the hydrolysis of dNTPs to nucleosides
and phosphates by the alkaline phosphatase of
shrimp. To achieve this, 2 pL of SAP mixture,
consisting of 161.6 uL of ddH20, 18 pL of
10xTS buffer, and 31.7 pL of SAP enzyme,
was added to each well, and the plate was
loaded into the CFX96 Bio-Rad thermal cy-
cler. The SAP reaction was carried out for
55 minutes, comprising 45 minutes at 37 °C,
followed by 10 minutes at 85 °C.
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To prepare for the third iPLEX reaction,
an E-primer mix was created based on the mo-
lecular weight of the E-primers. The resulting
mixture was evaluated using mass spectrometry
to determine the intensity of the E-primer peaks,
and the necessary quantities of E-primers were
added to the mix to achieve the same signal in-
tensity. 2 uL of iPLEX-mix (consisting of 65.4
pL of ddH20, 21.2 uL of iPLEX buffer, 21.2 uL.
of terminating mixture, 99.3 uL of E-primer mix,
and 4.33 pL of iPLEX enzyme) was then added
to each well. The plate was loaded into a CFX96
Bio-Rad thermal cycler and underwent denatur-
ation at 94 °C for 30 seconds, followed by 40 cy-
cles of denaturation at 94 °C for 5 seconds, an-
nealing at 52 °C for 5 seconds, and elongation at
80 °C for 5 seconds. The reaction was then incu-
bated at 72 °C for 3 minutes. After the iPLEX
reaction was complete, 30 pL of water was
added to all wells, and the plate was loaded into
a mass spectrometer.

To prevent the formation of contaminant
peaks resulting from the binding of small polar
molecules and positively charged sodium and
potassium cations to oligonucleotides, the am-
plicons underwent robotic desalination using
SpectroCLEAN resin (Agena Bioscience).

The samples were loaded onto a spectral
chip with an ionization matrix using the Nano-
dispenser workstation in automatic mode. The
samples formed crystals on the SpectroCHIP,
which were then ionized by a high-energy la-
ser, resulting in the ionization of DNA mole-
cules. Subsequently, the ionized DNA samples
were passed through a time-of-flight tube with
an electric field. By detecting the time-of-flight
of analytes, we could determine the genotype
of the analytes. Finally, the results of mass
spectrometric analysis for each SNP were re-
viewed using the TyperAnalyzer program from
Agena Bioscience.

To ensure quality control, 95 randomly se-
lected DNA samples were chosen for repeat gen-
otyping on the same platform, without
knowledge of the case-control status. The repeat-
ability test revealed a 100% concordance rate.

* QTLbase Bioinformatic tool
(http://Amww.mulinlab.org/gtlbase/index.html

(accessed February 24, 2023)) was used for anal-
ysis of expression quantitative trait loci (eQTLS)
in brain, whole blood, and blood vessels. Addi-
tionally, for QTL analysis of the peripheral blood
effect the eQTL online tool was used.

+ STRING database's bioinformatic
tools were utilised to analyse the main func-
tional partners of HSPD1 (https://string-
db.org/ (accessed February 24, 2023)). The
STRING database was also used for analysis
of biological processes and molecular func-
tions reflecting interactions HSPD1 with key
functionally relevant proteins (accessed Febru-
ary 21, 2023).

»  Theeffect of rs11682567 HSPD1 on
the binding of transcription factors (TFs) to
DNA based on the presence of the reference/al-
ternative alleles was assessed using the atSNP
Function Prediction online tool
(http://atsnp.biostat.wisc.edu/search (accessed
February 21, 2023)). In accordance with a po-
sitional weight matrix-based calculation of the
impact of SNPs on how well TFs interact with
DNA, certain TFs were added.

« It was possible to assess the joint
participation of TFs linked to the refer-
ence/SNP alleles in overrepresented biological
processes directly associated with the patho-
genesis of IS using the Gene Ontology web
tool (http://geneontology.org (accessed Febru-
ary 24, 2023)).

» The Comparative Toxicogenomics
Database (CTD) resource (http://ctdbase.org
(accessed February 24, 2023)) was used for in-
terpretation on environment-associated corre-
lates of HSPD1. Based on information from
globally published studies, CTD enables the
analysis of particular interactions between
genes and chemicals in vertebrates and inver-
tebrates. One chemical and one gene or protein
were the subjects of this tool's analysis of bi-
nary interactions.

« For a bioinformatic examination of
the connections between rs11682567 HSPD1
and stroke-related phenotypes, intermediate phe-
notypes (such as blood pressure, heart rate etc.),
the Cerebrovascular Disease Knowledge Portal
(CDKP)  (https://cd.hugeamp.org/  (accessed
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February 24, 2023)) and Cardiovascular Disease
Knowledge Portal (https://cvd.hugeamp.org/
(accessed February 24, 2023)) were used.

Results and discussion
Associations of rs11682567 HSPD1
with the Risk of Ischemic Stroke. Table 2

displays the genotype frequencies of
rs11682567 HSPDL1 in the study groups.
Table 2
Results of the analysis of associations between rs11682567 HSPD1 gene SNP
and ischemic stroke risk
Genotypes Controls (N=468) IS patients (N=708) OR (95% CI) P
Entire group

T 360 (76.9%) 511 (72.2%)

GIT 104 (22.2%) 184 (26%) 125 (0.95-1.65) 0,11

GIG 4 (0.8%) 13 (1.8%)
Maf (G) 0.120 0.148

Nonsmokers

TIT 292 (75.7%) 256 (74.6%)

GIT 90 (23.3%) 82 (23.9%)

5/G 2 (%) 5 (L5%) 1.07 (0.78-1.46) 0.68
Maf (G) 0.127 0.134

Smokers

TIT 68 (82.9%) 255 (69.9%)

GIT 14 (17.1%) 102 (27.9%)

G/G 0 0%) 8 (2.2%) 2.11(1.17-3.82) 0.0075
Maf (G) 0.085 0.162

Note: * — odds ratio and 95% confidence interval; P — P-level. Every computation was done in relation to the minor alleles.
Differences that are statistically significant are highlighted in bold. .gj— calculations, performed with adjustment for sex,

age, smoking.

In each case and control groups, the gen-
otype frequencies of all examined SNPs were
distributed according to the Hardy-Weinberg
equilibrium (P>0.05). The analysis of the total
sample did not reveal associations between
rs11682567 HSPD1 and IS risk (Table 2).

Subsequent sub-group analysis showed
that rs11682567 was associated with an in-
creased risk of IS exclusively in smokers (risk
allele G; OR = 2.11; 95% CI = 1.17-3.82;
P =0.0075).

Bioinformatics Analysis. The HSPD1
gene is highly expressed in brain tissues, blood
vessels, and whole blood. In brain tissues, gene
expression levels of HSPD1 (MeTPM) varies
from 77.57 to 159.3; in blood vessels — from
1224 to 131.0; in whole blood
MeTPM=30.69.

QTL-effects. According to the QTLDbase,
the G allele rs11682567 is associated with

eQTL-mediated up-regulation of HSPD1 ex-
pression in the brain-hippocampus
(beta=0.174; FDR=0.002), as well as up-regu-
lation of ANKRD44 in Blood-T cell CD4+na-
ive (beta=0.02; FDR=0.03) and ANKRD44-1T1
in blood-T cells CD4+ naive (beta=0.038;
FDR=0.02)/blood-neutrophils CD16+
(beta=0.015; FDR=0.036) (http://www.mulin-
lab.org/qtlbase).

Furthermore, using the eQTLGen re-
source, it was discovered that the G allele
rs11682567 had an impact on the expression of
the genes AC013264.2, MARS2, RFTN2,
COQ10B, SF3B1, and HSPE1 as well as an in-
crease in the expression of the PLCL1 gene in
peripheral blood (Table 3).

Using the bioinformatics tool FIVEX, it
was feasible to determine how the G
rs11682567 allele affects the alternative splic-
ing of the HSPD1, ANKRD44, COQ10B,
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HSPE1, MOB4, RFTN2, and SF3B1 genes in
blood cells and brain tissues by cis-sQTL-me-
diated effects (https://fivex.sph.umich.edu).
Analysis of transcription factors. Risk
allele G of rs11682567 creates binding sites for
transcription  factors BRCA1l, COMPL,
FOXO03, FOX04, HMGA1, IRF7, MYC,
RUNX2, SOX10, SOX17, SOX2, Sox6,
SOX9, SRY. According to the Gene Ontology
resource, these transcription factors are jointly
involved in overrepresented biological pro-
cesses, such as «glial cell fate commitment»
(GO:0021781; FDR=0.005); «regulation of
monocyte  differentiation»  (GO:0045655;
FDR=0.01); «neuronal stem cell population
maintenance» (GO:0097150; FDR=0.014);,
«negative regulation of fatty acid metabolic
process» (GO:0045922; FDR=0.03); «nega-
tive regulation of neuron differentiation»

(GO:0045665; FDR=0.003); «oligodendrocyte
differentiation» (G0O:0048709; FDR=0.003);
«cellular response to growth factor stimulus»
(GO:0071363; FDR=0.02); «cellular response
to  cytokine stimulus»  (GO:0071345;
FDR=0.009); «negative regulation of apop-
totic process» (GO:0043066; FDR=0.02).
The etiopathogenesis of IS is greatly influ-
enced by all of these biological processes. The
fact that TFs that bind to the G allele also con-
trol «DNA methylation» (GO:0044030;
FDR=0.016) and «chromatin organization»
(G0:0006325; FDR=0.004) adds to the notion
that rs11682567 HSPD1 plays a substantial
role in the mechanisms of epigenetic regula-
tion. It is remarkable that no overrepresented
GO was discovered when TFs that bind to the
reference allele T rs11682567  were
examined.

Table 3

Cis-eQTL-mediated effects of rs11682567 HSPD1 in peripheral blood according
to the resource eQTLGen (https://www.eqtlgen.org/

SNP E\flfgliz t Symbol P-value FDR Z-score N samples
rs11682567 G PLCL1 4.44x1014° <0.0001 26.0043 31644
rs11682567 G AC013264.2 1.24x10™ <0.0001 -17.8972 5502
rs11682567 G MARS2 1.86x104 <0.0001 -13.4873 31644
rs11682567 G RFTN2 1.04x107%¢ <0.0001 -12.6552 31176
rs11682567 G COQ10B 2.67x10Y7 <0.0001 -8.4598 31684
rs11682567 G SF3B1 2.90x101! <0.0001 -6.6516 31684
rs11682567 G HSPE1 2.24x108 0.0001 -5.5922 14263

Bioinformatic analysis of the associa-
tions of rs11682567 HSPD1 with cerebral
stroke and intermediate phenotypes. Accord-
ing to the bioinformatic resources Cerebrovas-
cular Disease Knowledge Portal (CDKP) and
Cardiovascular Disease Knowledge Portal
(CVDKP), which integrate and evaluate the
genetic association data from the greatest con-
sortiums for the research of cardiovascular and
cerebrovascular disorders, the risk allele G of
rs11682567 HSPDL is associated with increas-
ing in diastolic blood pressure (beta=0.007;
P=0.0007), total cholesterol (beta=0.0033;
P=0.033), coronary artery disease in subjects
without diabetes (OR=1.09; P=0.043).

Protein-Protein Interactions. Using the
STRING database, 10 proteins (proteins of the
first shell of interactors) distinguished by the
most pronounced interactions with HSPD1
were discovered: HSPE1, HSPA9, TLR4,
TLR2, HSP90AAl1l, HSP90AB1, TST,
GRPEL1, TRAP1, DHFR (PPI enrichment p-
value=7.46x107) (Figure).

It is interesting that the majority of
HSPD1's primary functional partners exhibit
chaperone and co-chaperone activities, which
are strongly associated with proteostasis (by
regulation of protein import, misfolding and
refolding of unfolded proteins under stress), in-
flammatory response (by NF-kappa-B activa-
tion), folate metabolism (Table 4).



https://fivex.sph.umich.edu/
https://www.eqtlgen.org/

Opuzuﬂaﬂbnaﬂ cmambus
Original article

HayuHvle pesysabmamol 6uomeduyuHckux uccaedoganutl. 2024;10(2):175-186 181

Research Results in Biomedicine. 2024:10(2):175-186

PPI enrichment p-value: 7.46x10°™

Fig. Predicted Functional Partners of HSPD1 (https://string-db.org/)

HSPD1 and its primary functional part-
ners jointly participate in biological processes
which reflects biological processes crucial to
the pathophysiology of IS, such as proteosta-
sis, oxidative stress, inflammation, regulation
of extracellular matrix, endothelial dysfunc-
tion, heat stress, apoptosis, neurogenesis, sell
signaling (https://string-db.org/cgi/net-
work?taskld=bACSg8aUeF2I&ses-
sionld=bjoEZTIHrwUn).

The current study demonstrates for the
first time that polymorphism rs11682567 in the
gene encoding Heat Shock Protein Family D
(Hsp60) Member 1 (HSPD1) is linked to the
risk IS and is significantly modified by smok-
ing. HSPD1 is expressed in vessels, brain tis-
sues and blood. This chaperonin is responsible
for regulating mitochondrial protein homeosta-
sis and mitochondrial function: it encourages
unfolded polypeptides to fold normally in
stressful conditions, avoids misfolding, and fa-
cilitates imported proteins fold properly [17].
Previous studies have demonstrated a substan-
tial function for HSPD1 in the emergence of

cardiovascular diseases. Patients with CVD
showed elevated HSP60 levels [18]. Currently,
HSP60 is seen as a major player in the autoim-
mune theory of atherosclerosis [8, 19]. The
highly conserved microbial HSP60 antigen is a
target of protective, advantageous adaptive im-
munity that all humans develop [20]. However,
exposure to endothelial stressors, such as com-
ponents of cigarette smoke, causes HSP60 ex-
pression in vascular endothelial cells that do
not typically express HSP60, which causes a
(cross)reaction and destruction of these target
cells by preexisting cellular and humoral im-
munity against HSP60, resulting in intimal in-
filtration by mononuclear cells [19]. HSP60
also has a sizable impact on the regulation of
vascular smooth muscle cells because it acti-
vates the IKK/NF-B, ERK/MAPK, and TLR4
pathways, which promote vascular smooth
muscle cell migration, thicken the intima, and
are important in vascular wall remodeling [18,
21, 22, 23]. Thus, in total, exposure to vascular
stressors triggers a "vicious circle” of an auto-
immune response leading to the progression of
atherosclerosis.
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Table 4
Main functional characteristics of HSPD1 predicted functional partners (https://string-db.org/)
. . Score
Protein Functions 1121312 6
10 kDa heat shock protein, mitochondrial; Co-chaperonin implicated in mitochondrial protein import and macromolecu-
HSPE1 lar assembly. May also prevent misfolding and promote the refolding of unfolded polypeptides generated under stress | « | o | . . 0.999
conditions in the mitochondrial matrix.
HSPAQ Sj[ress-?O_ protein, m_itochondrial; Chaperor_we protein _vvhich plays an important role in_ mitochondrial iron-sulfur cluster | . . 0.999
biogenesis. May be involved in the regulation of proliferation of cells and cellular ageing. )
Toll-like receptor 4; operates through MYD88, TIRAP, and TRAF®6, triggering the release of cytokines and the inflam-
TLR4 matory response. In complex with TLR6, promotes sterile inflammation in monocytes/macrophages in response to oxi- . . 0.999
dized low-density lipoprotein.
Toll-like receptor 2; activates NF-kappa-B, causes the release of cytokines, and triggers the inflammatory response by
TLR2 acting through MYD88 and TRAF®6. In response to the lipid moiety of lipoproteins, may also cause immune cells to . . 0.998
become active and promote apoptosis.
Molecular chaperone that engages with a range of client protein classes via its interaction with various co-chaperone
HSP90AAL | proteins or complexes, that act as adapters, simultaneously able to interact with the specific client and the central chap- . . . 0.998
erone itself. Plays a critical role in mitochondrial import.
HSPIOABL Molecular chaperone that promotes the maturation, structural maintenance and proper regulation of specific target pro- .l . 0.990
teins involved for instance in cell cycle control and signal transduction. '
TST Together with MRPL18, acts as a mitochondrial import factor for the cytosolic 5S rRNA. Only the nascent unfolded . . 0.989
cytoplasmic form is able to bind to the 5S rRNA. '
GRPEL1 GrpE protein homolog 1, mitochondrial; Seems to control the nucleotide-dependent binding of mitochondrial HSP70to | | .l . 0.987
substrate proteins. '
TRAP1 A negative regulator of mitochondrial respiration able to modulate the balance between oxidative phosphorylation and .l . 0.986
aerobic glycolysis. '
DHFR Dihydrofolate reductase; Key enzyme in folate metabolism. . o | - . 0.984

Note: Data obtained with STRING database; * - Proven interaction mechanisms: 1 — Neighborhood; 2 — Cooccurence; 3 — Coexpression; 4 — Experiments; 5 — Databases; 6 — Textmin-

ing.
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According to bioinformatics analysis uti-
lising the STRING database, the key functional
partners of HSPD1 are involved in a number of
overrepresented biological processes associ-
ated with atherosclerosis, managing not just
proteostasis but also oxidative stress, MyD88-
dependent toll-like receptor signaling path-
way, |-kappaB phosphorylation, production of
pro-inflammatory cytokines, nitric-oxide syn-
thase level, macrophage activation and prolif-
eration, extracellular matrix organization,
apoptosis, tumor necrosis factor production,
neurogenesis. This provides more proof that
HSPD1 plays a crucial part in the pathogenetic
processes that specifically cause stroke.

We used bioinformatics analysis to sup-
port the discovered link because no analysis of
correlations of rs11682567 HSPD1 with the
development of IS has been conducted so far.
First, a large number of genes are impacted by
the risk allele G of rs11682567 HSPD1's ef-
fects on their level of expression and alterna-
tive splicing, including: ANKRD44, which can
regulate NF-kB, an important pro-inflamma-
tory signaling pathway [24]; PLCL1, which
modulates VEGFR?2 signalling to promote an-
giogenesis in the central nervous system and
vascular endothelial cell inflammation [25];
MARS2, regulating ROS production [26];
RFTN2, driving toll-like receptor 4 internalisa-
tion [27]; COQ10B, regulating mitochondrial
respiratory chain assembly [28], brain ische-
mia-reperfusion [29] and ROS level [30];
SF3B1, a major regulator of hypoxia [31];
HSPE1, a component in ischemia damage con-
trol [32]. Second, it was discovered that the
risk allele G of rs11682567 creates binding
sites for transcription factors that jointly regu-
late biological processes with a high pathoge-
netic significance for IS. These biological pro-
cesses encompass neurogenesis, monocyte dif-
ferentiation, fatty acid metabolism, cell signal-
ling (response to growth factor stimulus, to cy-
tokine stimulus), and apoptosis. Third, it was
discovered that the risk allele G is associated
with an increase in diastolic blood pressure, to-
tal cholesterol levels, which are modifiable risk
factors for the IS, as well as coronary heart dis-
ease, which is pathogenetically related to IS.

Numerous studies have shown that
smoking can significantly modify the associa-
tion of genetic markers with the risk of multi-
factorial diseases [33], including stroke [9-12].
The effect of cigarette smoke on the up-regu-
lation of HSP60 in humans has been demon-
strated in a large number of studies [34, 35].
This discovery further justifies the significance
of endothelial stressors in initiating HSPD1-
dependent pro-atherosclerotic molecular path-
ways and helps to explain the strong risk ef-
fects of rs11682567 HSPD1 we observed in
smokers and their absence in nonsmokers.

In conclusion, our case-control study
findings indicate that the HSPD1 gene variant
of rs11682567 contributes to IS susceptibility.
Further research is required to confirm these
findings and look into the potential molecular
mechanisms underlying the associations be-
tween HSPD1 gene variants and IS risk.

Conclusion. The present study reveals
the novel genetic association between
rs11682567 HSPD1 and the risk of IS observed
exclusively in smokers. These data provide the
new insights of involvement of HSP60 in car-
diovascular pathology. Further studies may
help to uncover the details of its particular role
in the stroke pathogenesis.
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IHoMCK MOJIEKYJISIPHO-T€eHETHYECKHUX
MAapPKepPOB r'HNepMoOOMJIbHOCTH CYCTABOB

K.D. Axusiposa® @, P.1. Xycaunosa® ©, .. Slnaes? ©, A.B.Tropun!
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Pesrome

AkTyanbHocTh: [ 'nnepmoOminbHOCTE cycTtaBoB (I'MC) — cocTostHEEe, KOTOpPOE MOKET UMETh KakK J100-
POKa4eCTBEHHBIN XapakTep, TaK U COMPOBOXKAATHCA OOJEBBIM CHHAPOMOM U PaHHUM pPa3BUTHEM
ocreoaptpura. [yist paHHel Bepuukanny prucka pa3BUTHs OCI0KHEHUH HEOOX0IMMO HCCIIEIOBAHNE
MOJIEKYJISIPHOTO matoreHnesa padnuyHeix BapuantoB ['MC. Llean uccaenoBanus: [louck accomnua-
U TOTUMOP(HBIX BAPUAHTOB '€HOB-KaHIUIATOB, YIaCTBYIOIINX B META00IN3Me COETUHUTEITLHON
TKaHH, C TUIIEPMOOMIIBHOCTBIO CyCTaBOB B M30JMPOBAHHON M COYETAHHOW C JUCIUIa3Uel COeTUHM-
tenbHOU TKaHM ([ICT) Bapuantax. MaTepuanbl u Metoabl: B nccinenoBaHuN NPUHSIIM yyacTHe
muna mononoro (21,86+0,22 net) Bo3pacta (n=181). beiio npoBeneHo KIMHHYECKOE UCCIIEIOBaHHE
Ha Haymare [MC (mkana Beighton) u ICT (Mmoaudunmposannas tabnuna Kanypuunoi T.N). [po-
BEICHO MOJICKYJIIPHO-TEHETUYECKOE UCCIIEI0BAHUE U TTOMCK aCCOLMAINI MTOJIMMOP(HBIX BapUAHTOB
reHoB peuentopa suramuHa /1 (VDR), momukana (LUM), renacuuna (TNXB), dakropa pocta u qud-
depennnanuu 5 (GDF5), nonnoro kanana maraust (TRPM6), koctHOrO MOpdoreHeTnieckoro 6emka
5 tuna (BMP5) ¢ 'MC B uzonupoBannoii u couetannoii ¢ JICT ¢popmax. CtaTuctudeckas oopadboTka
JIAHHBIX TPOBOIMIACK C HCTIONB30BaHHEM TOUHOTO Kputepus Pumepa ¢ monpaskoii Merca mns Ta6-
JUI] cOnpspKeHHOCTH 2X2. Cuily acconanuii OIEHWBAIM B 3HAYEHUSIX IOKA3aTellsi COOTHOIICHUS
mancoB (Odds Ratio, OR, mpu p<0,05), mompaBka Ha MHOXkecTBeHHOCTh — MeToioM FDR (benmxa-
MuHH-X0x0epra). KoinmuecTBeHHBIC JaHHBIE OIICHUBAIKCH MOMIAPHO C HCIIOIB30BaHUEM {-KpHTepHs
Crhi0ZIeHTa, HOPMAaJbHOCTh pacmpesaeneHus no kpureputo Koamoropoa-CmupHoBa. Pe3yiib-
TaThl:bbun BBIsIBIIEHBI accoruaruu auiens G u renoruma GG nokyca rs3734444 u amtens A nokyca
rs1470527 rena BMPS ¢ nammunem I'MC B u3omupoBanHoMm coctostaun (OR=3,70 u OR=5,10;
OR=8,00). BeissBnens! acconmanuu amiens 1 u renoruna TT mokyca rs11144134 rena TRPMG6 ¢
I'MC B uzonmuposanHoii (OR=3,00 u OR=10,19) u B couerannoii ¢ JICT ¢opmax (OR=3,17 u
OR=11,28), renorun TT Takxe accomumupoBaiics ¢ u3oaupoBanHoi popmoit ICT (OR=3,74). I'eHo-
tun GT nokyca rs73611720 rena GDF5 accoumuposaics ¢ uzonuposannoit JICT (OR=4,15). [Insa
nojuMopdHbIX BapranToB rs11540149 (VDR), rs2268578, rs3759222 (LUM), rs3130342 (TNXB) ue
ObUT0 O0OHAPY’KEHO CTaTUCTUYECKH 3HaUnMBbIX accoruanuii ¢ [MC. 3akmodenue: Annens G nokyca
rs3734444 rena BMPS5 siBisiercst moTeHImanbHo puckoBbiM MapkepoM ['MC B 1iemiom, amiens A Jio-
kyca rs1470527 — uzonupoBannoit ' MC, renotun GT nokyca rs73611720 rena GDF5 — mapkepom
nzommpoBanHoit JICT, amrens T nokyca rs11144134 rera TRPM6 — mapkepom 'MC B coderanuu ¢
JACT.
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Abstract

Background: Joint hypermobility (JH) is a condition that can be either benign or accompanied by
pain and early development of osteoarthritis. For early verification of the risk of complications, it is
necessary to study the molecular pathogenesis of various JH variants. The aim of the study: The aim
of this study was to search for candidate genes involved in connective tissue metabolism and causing
joint hypermobility in a form isolated or combined with connective tissue dysplasia (CTD). Materials
and methods: The study involved young (21,86+0,22 y.0.) people (n=181). A clinical study was
conducted for the presence of signs of JH (Beighton scale) and CTD (tables Kadurina T.1.). Further,
a molecular genetic study was carried out and the search for associations of polymorphic variants of
genes (vitamin D receptor (VDR), lumican (LUM), tenascin (TNXB), growth/differentiation factor 5
(GDF5), magnesium ion channel TRPM®6), bone morphogenetic protein type 5 (BMP5)) and JH, CTD
in isolated and combined forms. Statistical data processing was carried out by comparing qualitative
features using the y2 test, Fisher's exact test, and the y2 test with Yates' correction for contingency
tables 2x2. The strength of associations was assessed in terms of the odds ratio (Odds Ratio, OR, at
p<0.05), the correction for multiple comparisons was carried out using the FDR method (Benjamin-
Hochberg). Quantitative data were evaluated in pairs using the Student's t-test, the normality of dis-
tribution according to the Kolmogorov-Smirnov test. Results: Associations of the G allele and the
GG genotype of the rs3734444 locus of the BMP5 gene with the presence of JH (OR=3.70 and
OR=5.10), the A allele of the rs1470527 locus of the BMP5 gene and the presence of JH+CTD-
(OR=8.00), the T allele and the TT genotype of the rs11144134 locus of the TRPM®6 gene with JH in
isolated (OR=3.00 and OR =10.19) and in the forms combined with CTD (OR=3.17 and OR=11.28),
the TT genotype was also associated with the isolated form of CTD (OR=3.74). The GT genotype of
the rs73611720 locus of the GDF5 gene was associated with isolated CTD (OR=4.15). No statistically
significant associations were found for polymorphic variants rs11540149 (VDR), rs2268578 and
rs3759222 (LUM), rs3130342 (TNXB). Conclusion: The G allele of locus rs3734444 of the BMP5
gene is a potential risk marker for JH in general, the A allele of locus rs1470527 is an isolated JH, the
GT genotype of locus rs73611720 of the GDF5 gene is a marker for isolated CTD, the T allele of
locus rs11144134 of the TRPM®6 gene is a marker for JH combined with CTD.
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BBenenue.  MouieKynsipHO-TE€HETHYE-
CKHE MEXaHU3Mbl Pa3BUTHUS THIEPMOOUIBHO-
ctu cycraBoB (I'MC) mpencraBisitoT HHTEpEC
C MO3UIMU TPEBEHTUBHON MEAUIMHBI, TAK KaK
I'MC siBnisieTcst 0HOM M3 BO3MOXHBIX TPUYHH
pa3BUTHUs TakuX 3a00JI€BaHUN OIMOPHO-/IBHUTA-
TEJIBHOTO amnmapara, Kak paHHUNA OCTe0apTPUT
[1], ocTeonopo3s [2], BEIBUXHU pa3IMUHOM JIOKa-
nu3anuu 3], Hapyuienue ocanku [4] ¢ popmu-
pOBaHUEM XPOHHUYECKOTO 00JIEBOTO CHHAPOMA
[5]. Otnonoruss u narorenes3 I'MC okoHua-
TEIbHO HE YCTAHOBJICHBI. 3HAYUTEIbHBIN WH-
Tepec MPEeJCTaBIsIeT HCCIEeIOBAaHHE MOJIEKY-
JISIPHO-TEHETUYECKUX aCIEKTOB MeTadoM3Ma
COETMHUTENIbHON TKaHU KaK MPUYUHBI TUIIEpP-
MOOUJIBHOCTH.

Ha ceronusunuii qeHp Uit MOMCKa Mo-
JEKYISIPHO-TEHETUYECKUX MEXaHU3MOB BO3-
HUKHOBEHHUSI MHOTO(aKTOPHBIX 3a00JIeBaHUH,
B yactHocTH I'MC, Bce Ooisiee akTyallbHbIM
CTAHOBUTCS T€H-KaHAUAATHBIA noaxoa. B ka-
YECTBE KaHJIUJIATHBIX TEHOB MOXKHO paccMart-
pUBaTh T€HBI CTPYKTYPHBIX OENKOB M OEIKOB-
PEryJISITOPOB TOMEOCTa3a COEAMHUTEIBHON
TKaHu. OJHUM U3 TAKUX PETYJIATOPOB SIBIIS-
ercsi BuTamMuH D, Tak kak OH WrpaeTr KiIrove-
BYIO POJIb B KJIETOYHOU AU(HEPEHIIUPOBKE U
nponudepannu [6]. Coobiiaercs, 4To BO3-
MOXHBIM BKJIaJ B pa3BUTHE U AETPpagaluio co-
€AMHUTEIHHOU TKaHU MOKET BHOCUTD JIIOMHU-
kaH (rer LUM) — unen cynepcemeiictBa mpo-
TeOorNIMKaHOB Kiacca Il ¢ ManpiMu GoraThiMu
JNEHLIMHOM TMOBTOpPaMH, KOTOPbIE OPraHUYIOT
KOJITareHoBble (YUOPUIUTBI BO BHEKJIETOYHOM
Marpukce [7]. Taxxe mpeacraBisieT UHTEPEC
teHaciH (red TNXB), KoTopblil peryaupyer
paccrosiuue Mexay GpuOpmiaMu myTem mps-
MOTO CBSI3bIBAHUS C OTAEIBHBIMU KOJUIareHO-
BBIMHU BOJIOKHAMH BO BHEKJIETOUHOM MAaTPUKCE
WJTU IyTEM HETPSMOTO CBS3bIBAHUS Yepes3 Jie-
KOpHH, a TAK)K€ €ro y4acTHe B pEMOIeIMPOBa-
HUHU DJTACTHYECKUX BOJIOKOH U PETYJISIIIUU DKC-
MPECCUU HEKOTOPBIX KOMIIOHEHTOB MAaTpPHUKCa,

Hanpumep, kojuiareHa VI tuma, mporeorimnka-
HOB U Metajuionpoteas [8]. dakTop pocTta u
muddepennupoBku 5 (ren GDFS) urpaet Bax-
HYIO POJIb BO BpeMs ()OPMHUPOBAHHUS CYCTaBOB.
OTO OAMH U3 CaMbIX PaHHHUX T'€HOB, SKCIIpec-
CUPYEMBIX B 3MOpPHOHAJIBLHOM CYCTaBHOM WH-
TEp30HE, JAIOLINIl Ha4YaJIo CyCTaBHBIM TKaHSM,
BKJIIOYAasi CYCTaBHOW Xpslll, CHHOBHAJIBHYIO
000J104Ky, MEHUCKH U cBs3kH [9]. Takxe B u-
TEpaType ONUCHIBAETCS BIIMSHUE KOCTHBIX
Mop(doreHeTu4eckux OETKOB Ha TOMEOCTa3
COEIMHUTENIbHON TKaHW, B YAaCTHOCTH, OHHU
y4acTBYIOT B Pa3BUTUU CUHOBHAJIBHBIX CyCTa-
BOB U TOMEOCTAa3€ CyCTaBHOM TKaHU U I0ATOMY
red BMP sBisieTcss moTeHIManbHBIM T€HOM-
KaHIUJAaTOM, BOBJICYEHHBIM B PETEHEPALIUIO
TKaHel cyctaBoB [10]. [Tomumo BeilIEONIMCaH-
HbIX TE€HOB Ha COCTOSIHHME COEIWHUTEIbHOMN
TKaHU OKa3bIBAa€T BIUSHUE YPOBEHb MarHwusl.
bestok HOHHBIX KaHAJIOB MarHus, KOAUPYEMBbII
reHoM TRPM®6, skcnpeccupyercss B aIUTENN-
TBHBIX KJIETKAX KHUIIEYHUKA U MOYEYHBIX Ka-
HaJIBLIAX, YTO IPEUMYILECTBEHHO OMOCPENYET
BcackiBaHue Mg?* B KUIIEUHUKE M SKCKPEIHIO
Mg?" noukamm. Taxke OBbIIO OGHAPYXEHO,
YTO ONpe/esIEHHbIE MOJIUMOpP(HBIE BAPUAHTHI
reHa TRPMG6 uenoBeka cBsizaHbl ¢ qedeKTOM
3aKpBITUS. HEPBHOHM TpyOKH, a Oosee HU3KUE
ypoBHH Mg?" B CHIBOPOTKE TECHO CBSA3aHBI C
MIOPOKaMU pPAa3BUTHS CKeJleTa, HECOBEpILIEH-
HBIM OCTEOT€HE30M M 3aJEp’KKOH pocTa IM-
OpuoHa [11]. B cBs3u ¢ 3TUM, BBIIIETIEPEUHC-
JICHHBIE KaHIWUJATHBIE T€HBl MOTYT OBITh BO-
BJIEYEHBI B MOJIEKyJsIpHBIM naTorene3 ['MC u
MPUBJIEKATENbHBI JI1 TOMCKAa T€HETHYECKUX
MapKepoB JaHHOT'O COCTOSHUS.

eab uccaenosanus. [lonck accouma-
WA TOTUMOP(HBIX BApUAHTOB T€HOB-KaH]IN-
JaTOB METa0OoNM3Ma COSIUHHUTEIHFHOU TKAHU
(VDR; LUM; TNXB; GDF5; TRPM6; BMP5)
¢ pazsuteM I MC B uzonupoBanHoi ¢popme u
B couetanuu ¢ JICT.
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Marepuanbl U MeTOAbl HCCJIEA0BA-
HuA. B uccnenoBanuu npunsau ydacrtue 181
YeJIOBEK MOJIOJIOTO BO3pacTa: CpPeIHUM BO3-
pact xeHmuH(N=159) cocraBun 21,71+0,23,

st MyxunH (n=22) 22,91+0,71. Menuko-
OMOJIOTUYECKHE XapaKTePUCTUKU HCCIeIye-
MBIX TPYIII MPEJICTaBICHBI B Ta0HIE 1.

Tabnuya 1
MeL[I/IKO-ﬁl/IOJIOFI/I‘ICCKaﬂ XapaKTEPUCTUKA UCCIIEAYEMBIX I'PyIIIT
Table 1
Medical and biological characteristics of the studied groups
I'pynna Moa Cpeauuii BopacTt UMT (xr/m?)
My:K4uH N 7KeHmuH n

I'MC+ 6(0,05) 122(0,95) 20,86+0,30 25,00+0,22
I'MC- 15(0,29) 38(0,71) 23,87+0,72 23,17+0,5
p 0,00002 0,0003 0,004
JICT+ 10(0,08) 120(0,92) 21,54+0,33 20,47+0,3
JICT- 12(0,24) 39(0,76) 22,67+0,50 22,00+1,62
p 0,007 0,29 0,03
TMC+ JICT+ 5(0,44) \ 110(0,96) 21,32+0,24 20,24+0,33
p 0,00007 0,0003 0,003
TMC+JICT- 1(0,07) | 13(0,93) 21,62+0,64 20,31+0,67
p 0,20 0,220 0,010
T'MC-/ICT-(Koumponw) | 11(0,29) ‘ 27(0,71) 23,82+0,63 22,00+1,31

[pumeuanne: TMC+ — Hanmmuue runepMoOmIbHOCTH cycTaBoB, JJCT+ — Hanu4ue AUCIUIa3UH COCTUHUTEIBHON TKaHH,

I'MC+ ACT+ coueranne [MC+IACT, UMT — unaekc Macchl Tena.

Note: TMC+ — presence of joint hypermobility, JICT+ — presence of connective tissue dysplasia, TMC+ JICT+ combina-

tion of TMC+/ICT, UMT — body mass index.

W3 uccnenoBanust ObLIN UCKITIOUEHBI 00-
CIIELyEMBIE B CIy4yae OTKa3a OT y4acTHs B UC-
CIIEJOBaHUM, HAJIWYMM TpPaBM CKeJleTa B
aHaMHe3€, MOHOTE€HHBIX ()OpM JMCILIa3HH CO-
€IMHUTEIbHOW TKAaHM, ACCOLMUPOBAHHBIX C
I'MC (cunnpomsl Dnepca-/anno u Mapdana,
HECOBEPIIEHHbIN OCTEOT€HE3), CUCTEMHBIX 3a-
0osleBaHUI COEMHUTENBHONM TKaHHU, B TOM
qyclie PeBMATOUHOTO apTpUTa, WH(EKIIHOH-
HBIX 3a00JIeBaHMI, caxapHOro Auadera, a Tak
e po¢eccuu, CBI3aHHBIX C PA3BUTHEM IIPO-
(beccroHaTbHONW» TUNEPMOOMIIBHOCTH  (TaH-
LOpbI, TUMHACTBI, Oanepunbl). MccnenoBanue
IIPOBOAMIIOCH B HECKOJIBKO ATanoB. Ha nepsom
JTarie BCEM YYacTHHKaM ObUIO TPOBEIEHO
KIMHUYECKOE O00CIeI0BaHUE OIPEeIsiIoch
Hammuue npusHakoB ['MC n JICT. Hanuuue
THIIEPMOOUIIBHOCTH CYCTaBOB M CTEIEHb €€
BBIPOKEHHOCTH  OLIEHHMBAJIM 1O  IIKaje
Beighton (1998). [lannas mikana BKIIOYaeT B
cebs 5 mpob, MaKCUMaIbHOE KOJIMYECTBO Oa-
710B — 9 (4 mpoObI IByCTOPOHHKE ITACCUBHBIE U
OJIHa OJJTHOCTOPOHHSS akTHBHAas). [Ipoba cuu-

Tajach MOJOXKUTENbHOU mpu 4 u Oosee Oai-
nax. @enorunuueckue npossienus ACT one-
HUBAJIUCh OaIbHO-KOJMYECTBEHHBIM METO-
JoM 1o MoauduipoBanHoi Tabnuue Kany-
punoii T.U. (2015). Bece npoOsI mpoBoamiich
JByMsI HE3aBUCUMBIMU UCCIIEIOBATEIISIMHU.

1) maccuBHOE CruOaHHe MACTHO-(ATAHTOBOIO
cycTaBa 5-ro najblia B 00€ CTOPOHBI;

2) maccuBHOE cruOaHue 1-ro majibplia B CTO-
pOHY mpedmieubs Npu CrubaHuM B Jyye-
3aIsICTHOM CYCTaBe;

3) nepepa3rubaHue JOKTEBOTO CyCTaBa CBBIIIE
10°;

4) mepepazrudanue
coime 10°;

5) HakoOH Briepen npu (GUKCHPOBAHHBIX
KOJICHHBIX CyCTaBax, MPH 3TOM JIaI0HU JIOCTH-
raroT Iosja.

Ob6crnenyemMble ObUTHM pa3eieHbl Ha Cle-
nytoue rpymmsl cpaBHeHus: I'MCH+/TMC-
(xoutponp), ACT+/ACT-(kouTpons); I'MC+
JACT+ u IMC+CT- nomnapHo CpaBHUBAJIUCH
¢ I'MC-JICT-(konTpois). [lanee Obl10 MpoBe-

KOJICHHOT'O CyCTaBa
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JICHO MOJIEKYJISIPHO-TEHETUYECKOE UCCIe/10Ba-
Hue. B wuccregoBanue ObUIM  BKJIIOUEHBI
T'CHBI, BOBJICYCHHBIE B META00JIN3M COCTUHH-
TEIbHOW TKAaHU, aHAIM3UPOBAIKCH JIOKYCHI,
SBJIAIOIINECS CTPYKTYPHBIMH Wi
perynstopasiMi.  [logbop ocymecTBusics
¢ momompl 0a3 gaHHBIX ensembl.org
(https://www.ensembl.org/) u dbSNP
(https://www.ncbi.nlm.nih.gov/snp/?term=). B
KauecTBE KaHAUJATHBIX F€HOB HCCIETYIOTCS:
reéH OCHOBHOI'O KOCTHOTO MOpQoreHeTnye-
ckoro mporenHa (BMP5) — Genka, croco6-
CTBYIOLIETO 00pa30BaHMIO Xpsmia in vivo [12]:
nokyc rs1470527, aBnsrouiuiics UHTPOHHBIM
MUKPOCETEJUIUTOM, OKa3bIBAET PETYJIATOPHBIM
a¢dekt Ha mpomorop BMPS5 in vitro [13], a jo-
Kyc 153734444 sgBnsercsa CAHOHUMUYHBIM SNP
Y HE BJIMAET HA AMUHOKUCIIOTHYIO TOCJe/10Ba-
TEIbHOCTD, IPEATNONAraeTCsl, YTO OH U3MEHSET
CalThl CBs3bIBaHUS (DaKTOpa TPAHCKPHIILIUU
CP2 u ¢axrtopa sHxaHcepa MHUOIUTOB 2A.
Kpome toro, npeanonaraercs, uro rs3734444
pacnojaraercsi B caiiTax CBA3BbIBaHUS SK30H-
HOTO CIUIaliCHHTa, cailJieHcepa W JHXaHcepa,
KOTOpBIE UTPAIOT BAXKHYIO POJIb B KOHCTHUTY-
TUBHOM U ajbTEPHATHBHOM cIulalicunre [14].
Tax xe ren Oenka momukana (LUM), orBeua-
IOLLETO 33 NPOCTPAHCTBEHHYK) OPIraHU3ALHIO
KOJJIAr€HOBBIX BOJIOKOH U penapanyio TKaHU
[7], dyHKIIMOHANBHBIE 3HAYEHUS JIOKYCOB
rs2268578 u rs3759222 He OonMUCHIBAIOTCS, HO
noJiuMopdHbIN BapuaHT 152268578 ObL1 acco-
LIMUPOBAH C PAKOM MOJIOUHOM *kene3bl [15], a
HaXOAIIMICA B OHON obOnactu ¢ rs3759223
rs3759222, nokasaa BO3MOKHOCTE BIUSTHUS Ha
CBsI3bIBaHUE (aKTOPOB TpaHCKpunuu [16].
@aktop pocta U IUGPEPEHIUPOBKU 5
(GDF5), yuyactBytommii B GOpMHpPOBaHHH CY-
ctaBoB [17], rs73611720 xoToporo siBIseTCA
caiftoMm cBs3biBanuss MukpoPHK, uro nnru6u-
PYET dKCIpeccHuio Oeyika MmyTeM MpsiMOro CBsl-
3piBaHus ¢ 3'-UTR oGnacteio MPHK-mumenu
[18]. T'en Ttenacuumna (TNXB), perymupyto-
IIET0 PacCTOSHUE MEeXAY HuOpuIaMu myTeM
MPSIMOTO CBS3BIBAHMS C OT/ICJIbHBIMU KOJLIare-
HOBBIMH BOJIOKHAMH BO BHEKIJIETOYHOM Mart-
pukce [19] Tak >xe paccmMaTpuBaeTcs Kak IeH-
KaHauaar, a jokyc rs3130342, unentuduiu-
poBaHHbl B 50-i1 ¢nankupyromei obnactu
TNXB, xak BO3MOXHBIN MOTUMOP(HBIN Bapu-

aHT, BocnpuuMuuBbld K SLE B snoHcko# mo-
nysiuu [20]. T'en penenTopa ButamunHa J]
(VDR), yuactBytomiero B audQepeHIMpOBKe
KJIIETOK COCIMHUTEIbHON TKaHu [21], mokyc
rs11540149 koroporo acconuupoBan ¢ Bura-
MuH D-3aBucumeiM paxurtom II Tuna ¢ amone-
LUEH, SBIIIOIIMICS TaXKe CAUTOM CBSI3bIBAaHUS
MukpoPHK (www.targetscan.org); ren Oenka
nonHoro kanana maraus (TRPM®6), yuactyro-
HIETO B OCTEOTeHHOU uddepeHnpoBKe IMy-
TEM PeryJsilui YPOBHS KaJbIusl yepe3 hu3Me-
HEHHUE YPOBHS CHIBOPOTOYHOTO Maruus [22],
ero Jiokychel 1511144134 u rs3824347 accouu-
MPOBaHbI ¢ MeTa00JIM3MOM Maraus [23]; o Ko-
JUYECTBEHHBIX IMPHU3HAKAX JKCIPECCUU JaH-
HBIX JIOKYCOB HE COOOIIAETCs, OTHAKO C JIOKY-
coM 153824347 accoumupoBaIoCch OTHOIIEHUE
Mg ?* k kpeaTuHuHY B Moue [24].

VY oOcnenyembix ObLT MpOU3BEIEH 3a00P
ouomarepuana — 10 M. BeHO3HOH KpOBH. Bbi-
nenenune [JHK ocymecTBisuiocs cTaniapTHbIM
MeTO/I0M (hEeHOIBHO-XIOPOPOPMHOMN IKCTPaAK-
mun. [IpoBeneno wmccienoBanue moIMMOpQ-
Heix BapuantoB VDR, LUM, TNXB, GDF5,
TRPM6, BMP5 meromom Real-time PCR ¢
npuMeHenueM TexHonoruu Kasp™ ma amma-
patHoii mnardopme QuantStudio. Xapakrepu-
CTUKHM HCCIIEJOBAaHHBIX JIOKYCOB IIPEICTaB-
JeHbl B TabmuIe 2.

HccnenoBanue npoBOaUIOCH B COOTBET-
cTBUU ¢ XeIbCUHKCKOU JIeKIapanuei u Obu1o
0JI00PEHO JTIOKATBHBIM ATHYECKUM KOMHUTETOM
OI'bOY BO BI'MYVY. YyacTHUKM OBLIIM TPOUH-
(hopMHpOBaHbI O LENAX UCCIEIOBAHUS, MOITY-
YeHO HMH(QOPMHUPOBAHHOE COIJIache Ha ydya-
crue. PaBHoBecue Xapau-BaitnOepra orenu-
BaJIOCh C HCMOIb30BaHNeM naketa HaploView
4.2. Cratuctuyeckast 00paboTKa JaHHBIX IPO-
BOAMIIACH C UCIONb30BaHUEM MakeToB Excel
2021, Statistica 13.0. KonnuecTBeHHbIE TPU-
3HAKU MONAapHO CPAaBHUBAIKCH C UCMOJIb30Ba-
HueMm t-xputepust CTbIOICHTa, HOPMATBHOCTH
pacnpenenenus no kpurepuro Konmoroposa-
CwmupHoBa. KauecTBeHHbIE TTPU3HAKU OLICHU-
BANKMCh C NPUMEHEHHEM KpPHTEpHs Y° C IO-
npaBkoii Merca 11 TaGIMIl CONMPSKEHHOCTH
2x2. Cuna acconuanuii OlleHUBaJIach B 3HaYe-
HUSIX TIOKa3aTeliss COOTHOLIEHUS NIaHCOB
(Odds Ratio, OR, mpu p <0,05), nonpaBka Ha
MHOECTBEHHOCTh CPaBHEHHMI MPOBOJIMIACH
meroaom benmxamuau-Xox6epra (FDR).
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Tabnuya 2
XapakTepucTuku ucciaenyemsix JokycoB reaoB VDR, LUM, TNXB, GDF5, BMP5, TRPM6
Table 2
Characteristics of the studied loci of the VDR, LUM, TNXB, GDF5, BMP5, TRPM6 genes
Bapuant Jlokanu3aumus,
Ne Jlokyc T'en 0603£aqeﬂnﬂ (pyHKIMOHAIB- Hpred Hobs HWpa | MAF
Hafl 3BHAYUMOCTH
3’- pervoH reHa,
1 | rs11540149 | VDR c.*1865G>A CAMT CBA3BIBAHMS 0,20 0,22 0,918 0,12
mukpoPHK
2 | rs1470527 | BMP5 | @.55711211G>A VIHTpORHEIH 0,27 032 | 0037 | 016
BapUaHT
3 | rs3734444 | BMP5 c.111T>C K30H, CHHOHH- 0,36 0,36 1,00 0,23
MHYHAas 3aMCHa
4 | rs2268578 | LUM | g.91501198A>G MHTpORHEIH 0,15 0,13 0,41 0,08
BapHaHT
2KB BrlIe TeHA
5 rs3759222 LUM g. 91506953T>G LUM (Upstream 0,37 0,39 0,57 0,24
Variant)
6 | 153130342 | TNXB | g.32080146A>C | ° uamkupyiomas | o 0,51 0,46 0,38
00J1aCTh reHa
7 | rs3824347 | TRPM6 | @.77566146A>G MHTpOHHEIH 0,20 0,23 0,29 0,12
BapHaHT
8 | rs11144134 | TRPM6 | g.100971988T>A IHTpOHHEIH 0,38 0,42 0,51 0,26
BapHWaHT
3’- peruoH rexa,
9 rs73611720 GDF5 c.*335A>C CallT CBA3BIBAHUA 0,50 0,59 0,04 0,47
mukpoPHK

[pumeuanune: Hpred — OXKHIaEMast Te€TEPO3UTOTHOCTD, Hops — HaOMOgaeMasi reTepo3urotHoctb, HWpyval — mokazaTens p
JUTSL OLICHKU COOTBETCTBUS paBHOBECHIO Xapau-BaitHOepra (momaepxkuBaiock npu yposae p>0,05), MAF — gactoTa Mu-

HOPHOI'O aJlICJIA.

Note: Hyred — expected heterozygosity, Hons — 0bserved heterozygosity, HWgva — p value for assessing compliance with
the Hardy-Weinberg equilibrium (maintained at p>0.05), MAF - minor allele frequency.

PesyabTaTel U ux ob6cyxnenue. Kiu-
HUYecKoe 0O0CJIeZIOBaHUE C HCIOJIb30BaHUEM
0aJTbHO-KOJIMYECTBEHHBIX METOJIOB OIEHKH
BesiBUII0 TMC y 128 (70,7 %), a ICT y 129
(71,3%) uenoBek. ['umepmMoOUIBLHOCTH CycCTa-
BoB B coueranuu ¢ JICT Obuta oOHapyxeHa y
115 oOcnenoBanubix (63,5%). Ilomydennsie
JaHHbIE TI0 YacTOTe ajljeNieil M TeHOTHIIOB
npencrasieHsl B Tabnune 3. [lpu nposeneHun
CPaBHUTEIHHOI'O aHAJM3a paclpesieleHus Ja-
CTOT aJijiesiel ¥ TeHOTUIIOB MOJMMOP(]HBIX JI0-
KyCOB I'€HOB METaboIM3Ma COEIMHUTETbHON
TKaHU B WCCIIEMYyEeMbIX Ipynmnax ObLIH BBISB-
nensl accouuaruu amiens G u renoruna GG
nokyca rs3734444 rena BMPS ¢ mammumem
I'MC (p=0,001; p*=0,014; OR=3,70; 95% CI
1,72-7,96; p=0,0004; p*=0,002; OR=5,10;
95% CI 2,08-12,29; cOOTBETCTBEHHO), TaKKe

HalOoanach TEHJEHIUS K IpeodsagaHuIo
ayens G u renoruna GG B rpynme ¢ coyeTas-
Hout maronoruert (p=0,011; p*=0,154) wu
(p=0,006; p*=0,09), ogHako JaHHBIE accoIua-
MM HE COXPaHWIM CBOEM CTaTUCTHUYECKOM
3HaYMMOCTH I10CJI€ TIONTPABKH HA MHOKECTBEH-
HOCTh cpaBHeHUH (Tabnuua 3). Takum obpa-
3om, amtenb G u reHorun GG nokyca
rs3734444 rena BMP5 BeposiTHee Bcero BIisi-
IOTCS.  MapKepoM H30JHMPOBAHHOW  (OpPMBI
I'MC. Taxxe Obuta OOHapy’>Ke€Ha acCOIHAIIHS
amenss A nokyca rs1470527 rena BMPS u
n3omupoBaHHOM ['MC, NHOCTUTHYB CTaTUCTH-
yeckoir 3Haummoctu (p=0,0006; p*=0,008;
OR=8,00; 95 % CI 2,51-25,52). Takum obpa-
30M, Jokyc 1s1470527 rena BMPS sBnsiercs
MapkepoM uzonupoanHoit IMC.
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Tabauya 3 (nauano)
Pacnpenesienue yactor aeneil u renorunos renos VDR, LUM, TNXB, GDF5, TRPM6,
BMP5 B ucciiegyemMbIX rpynnax u moJiydeHHble acCCOMALMU B HCCJIeAyeMbIX IPynmax
Beginning of Table 3
Associations obtained in the studied groups and distribution of allele frequencies and
genotypes of the VDR, LUM, TNXB, GDF5, TRPM6, BMP5 genes in the studied groups

Honyasauus n | YacToTsl ajlIeei | YacToThl FeHOTHIIOB
VDR rs11540149
Br16opku G A GG GA AA
I'MC+ 115 210(0,913) 20(0,087) 96(0,834) 18(0,157) 1(0,009)
I'MC - 28 51(0,911) 5(0,089) 24(0,857) 3(0,107) 1(0,036)
1,03 0,84 1,55 0,24
O l 1 y y
OR (95%Cl) (0,37-2,87) (0,26-2,71) (0,42-5,67) (0,01-3,91)
p 1 1 0,573 0,354
JCT + 109 195(0,894) 23(0,106) 88(0,807) 19(0,174) 2(0,018)
JCT- 34 66(0,971) 2(0,029) 32(0,941) 2(0,059) 0(0,000)
0,26 0,26 3,38
0 l ) ) -
OR (35%C1) (0,06-1,12) (0,06-1,18) (0,74-15,32)
p 0,090 0,11 0,16
I'MC+JCT+ 104 188(0,904) 20(0,096) 85(0,817) 18(0,173) 1(0,010)
I'MC-JCT- 23 44(0,957) 2(0,043) 21(0,913) 2(0,087) 0(0,000)
0,43 0,43 2,20
0 l ) ) -
OR (35%C1) (0,10-1,90) (0,09-1,97) (0,47-10,21)
p 0,385 0,361 0,367
I'MC+ICT- 11 22(1,000) 0(0,000) 11(1,000) 0(0,000) 0(0,000)
I'MC-JCT- 23 44(0,957) 2(0,043) 21(0,913) 2(0,087) 0(0,000)
OR (95%CI) - - - -
p
BMP5 rs1470527
Bribopku G A GG GA AA
I'MC+ 116 137(0,591) 95(0,409) 39(0,336) 59(0,509) 18(0,155)
I'MC - 27 40(0,741) 14(0,259) 13(0,481) 14(0,519) 0(0,000)
0,50 0,55 0,96
o y ) ) -
OR (35%C1) (0,26-0,98) (0,23-1,27) (0,42-2,22)
p 0,058 0,233 0,92
JCT + 110 138(0,627) 82(0,373) 41(0,373) 56(0,509) 13(0,118)
JCT- 33 39(0,591) 27(0,409) 11(0,333) 17(0,515) 5(0,152)
1,17 1,19 0,98 0,75
o y ) ) )
OR (95%Cl) (0,66-2,04) (052-2,70) | (045-213) | (0,25-2,29)
p 0,699 0,841 0,888 0,765
I'MC+ACT+ 105 131(0,624) 79(0,376) 39(0,371) 53(0,505) 13(0,124)
I'MC-JICT- 22 33(0,750) 11(0,250) 11(0,500) 11(0,500) 0(0,000)
0,55 0,59 1,02
o il L 1 -
OR (35%Cl) (0,26-1,16) (0,23-149) | (041-2,56)
p 0,156 0,377 0,841
I'MC+ICT- 11 6(0,273) 16(0,727) 0(0,000) 6(0,545) 5(0,455)
I'MC-JICT- 22 33(0,750) 11(0,250) 11(0,500) 11(0,500) 0(0,000)
8,00 1,2
0 ’ - ' -
OR (35%Cl) (2,51-25,52) (0,28-5,12)
0,0006
p 0.008* 0,887
BMP5 rs3734444
Bribopku A G AA AG GG
IMC+ 115 190,083) | 2O | 0.000) 19(0,165) 96(0,835)
I'MC - 28 14(0,250) 42(0,750) 0(0,000) 14(0,500) 14(0,500)
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Tabauya 3 (npooondicenue)
Pacnpenesienue yactor aeneil u renorunos renos VDR, LUM, TNXB, GDF5, TRPM6,
BMP5 B ucciiegyemMbIX rpynnax u moJiydeHHble acCCOMALMU B HCCJIeAyeMbIX IPynmax
Continuation of Table 3
Associations obtained in the studied groups and distribution of allele frequencies and
genotypes of the VDR, LUM, TNXB, GDF5, TRPM6, BMP5 genes in the studied groups

Honyasuus n YacToThl aJj1eieil YacToThl reHOTHUIIOB
3,70 0,20 5,10
OR (95%Cl) (1,72-7,96) ] (0,08-048) | (2,08-12,29)
0,001 0,0004 0,0004
P 0,014* 0,002* 0,002*
ACT + 109 22(0,101) | 196(0,899) | 0(0,000) 22(0,202) 87(0,798)
JICT- 34 11(0,162) | 57(0,838) 0(0,000) 11(0,324) 23(0,676)
0,58 0,53 1,89
OR (95%Cl) (0,27-1.27) - (0,22-1.25) |  (0,80-4,46)
b 0,249 0,216 0,216
IMCHICT+ 104 190001) | 1890809 | 5000 19(0,183) 85(0,817)
TMC-JICT- 23 110239) | 35(0,761) 0(0,000) 11(0,478) 12(0522)
3,12 0,24 4.1
OR (95%Cl) (1,37-7.14) - (0,09-0,63) | (1,57-10,68)
0,011 0,006 0,006
P 0,154* 0,09*
TMCHICT- 11 0(0,000) 22(1,000) 0(0,000) 0(0,000) 11(1,000)
TMC-JICT- 23 110239) | 35(0,761) 0(0,000) 11(0,478) 12(0522)
OR (95%Cl) - ; i i
p
LUM rs2268578
Bri6opku C T CC CT T
TMC+ 115 174(0,757) | 56(0,243) | 66(0,574) | 42(0,365) 7(0,061)
TMC - 28 48(0,857) 8(0,143) 20(0,714) 8(0,286) 0(0,000)
0,52 0,54 1.46
OR (95%Cl) (0,23-1,16) (022-1,32) | (0,59-3,60) )
D 0,15 0,252 0,545
NCT + 109 166(0,761) | 52(0239) | 64(0,587) | 38(0,349) 7(0,064)
JICT- 34 56(0.824) | 12(0176) | 22(0.647) | 12(0.353) 0(0,000)
0,47 0,78 0,98
OR (95%Cl) (0,19-1,18) (0,35-1,73) | (0,44-2,20) }
D 0,152 0,671 0,862
IMCACTS 104 158(0,760) | 50(0,240) | 61(0,587) | 36(0,346) 7(0,067)
TMC-/ICT- 23 20(0,870) 6(0,130) 17(0,739) 6(0,261) 0(0,000)
0,47 0,50 15
OR (95%Cl) (0,19-1,18) (0,18-1,37) (0,54-4,14) i
b 0,152 0,261 0,590
TMC+ICT- 11 16(0,727) 6(0.273) 5(0,455) 6(0,545) 0(0,000)
TMC-JICT- 23 40(0,870) 6(0,130) 17(0,739) 6(0,261) 0(0,000)
OR (95%Cl) 0.4 029 34 .
(0,11-1,42) (0,07-1,32) | (0,75-15,36)
b 0,182 0,138 0,138
LUM rs3759222
Bribopku A C AA AC CcC
TMC+ 116 57(0.246) | 175(0,754) | 6(0,052) 45(0,388) 65(0,560)
TMC - 28 120214) | 44(0,786) 0(0,000) 12(0,429) 16(0571)
119 0,98 0,96
OR (35%Cl) (0,59-2,42) ) (042-228) | (0,41-2,20)
D 0,751 0,830 0,02
CT + 110 54(0.245) | 166(0,755) |  6(0,055) 42(0,382) 62(0,563)
JICT- 34 15(0.221) | 53(0,779) 0(0,000) 15(0,441) 19(0,559)
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Tabauya 3 (npooondicenue)
Pacnpenesienue yactor aeneil u renorunos renos VDR, LUM, TNXB, GDF5, TRPM6,
BMP5 B ucciiegyemMbIX rpynnax u moJiydeHHble acCCOMALMU B HCCJIeAyeMbIX IPynmax
Continuation of Table 3
Associations obtained in the studied groups and distribution of allele frequencies and
genotypes of the VDR, LUM, TNXB, GDF5, TRPM6, BMP5 genes in the studied groups

Honyasuus n YacToThl aJLIC/eH YacToThl T€eHOTHIIOB
115 0.78 1,02
0, 1 _ ’ y
OR (95%Cl) (0,60-2,20) (036-1,70) | (0.47-2.21)
b 0.791 0,680 0,888
IMCH+ACTH 105 51(0.243) | 159(0,757) 6(0,057) 39(0.371) 60(0.571)
TMC-JICT- 23 9(0,196) 37(0,804) 0(0,000) 9(0,391) 14(0,609)
132 0.92 0.86
0 ] - b b
OR (95%Cl) (0,60-2.92) (036-232) | (0,34-2,16)
b 0.624 1,000 0.920
MCCT- 11 6(0.273) 16(0.727) 0(0,000) 6(0,545) 5(0,455)
TMC-JICT- 23 9(0,196) 37(0.804) 0(0,000) 9(0,391) 14(0,609)
154 1,87 0.54
0 ] - b b
OR (95%Cl) (0,47-5,06) (0,44-0,798) |  (0,13-2,29)
p 0,538 0474 0,474
TNXB rs3130342
Br16opku A C AA AC CC
TMC+ 114 203(0,890) | 25(0,110) 90(0.789) | 23(0,202) 1(0,009)
TMC - 28 48(0.857) 8(0,143) 20(0.714) 8(0,286) 0(0,000)
135 1.50 0.63
0 ] ] b -
OR (95%Cl) (0,57-3,19) (0,59-3,82) | (0,25-1,62)
D 0.647 0,549 0,443
NCT + 108 189(0,875) | 27(0.125) 82(0,759) | 25(0.232) 1(0,009)
JICT- 34 62(0,912) 6(0,088) 28(0,824) 6(0,176) 0(0,000)
0.68 0.68 141
o ] ] 1 -
OR (35%Cl) (0,27-1,72) (025-1,81) | (0,52-3,78)
D 0.543 0,583 0.661
TMCHICTH 103 182(0.883) | 24(0.117) 80(0,776) | 22(0214) 1(0,010)
TMC-/ICT- 23 41(0,891) 5(0,109) 18(0,783) 5(0,217) 0(0,000)
0.02 0,97 0.98
O ) ] i) -
OR (95%Cl) (0,33-2,57) (032-2,89) | (0,33-2,93)
D 0,920 0.823 1
IMC+CT- 11 21(0,955) 1(0,045) 10(0,909) 1(0,091) 0(0,000)
MC-JICT- 23 41(0,891) 5(0,109) 18(0,783) 5(0,217) 0(0,000)
2.56 2.78 0.36
O ) ] i) -
OR (95%Cl) (0,28-23,36) (0,28:27.21) | (0,04-3,53)
D 0.656 0.638 0.638
TRPMG rs3824347
Bri6opku C T CcC CT T
TMCH 115 99(0430) | 131(0570) | 16(0,139) | 67(0,583) 82(0,278)
TMC - 28 34(0,607) 22(0.393) 9(0.322) 16(0571) 3(0,107)
0.49 0.34 1,05 3.65
o ) ) b b
OR (95%Cl) (0,27-0,89) (1,13-0,88) | (0.45-241) | (1,03-12,98)
0 8%2 0,029 0,02 0,061
ACT + 109 96(0.440) | 122(0560) | 16(0147) | 64(0.587) 29(0,266)
JICT- 34 37(0,544) 31(0,456) 9(0,256) 19(0,559) 6(0,175)
0.66 0.48 112 1,69
0 ] il bl bl
OR (95%Cl) (0,38-1,14) (019-1,21) | (052-244) | (0,64-4,50)
0 0,173 0,186 0,920 0,41
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Tabauya 3 (npooondicenue)
Pacnpenesienue yactor aeneil u renorunos renos VDR, LUM, TNXB, GDF5, TRPM6,
BMP5 B ucciiegyemMbIX rpynnax u moJiydeHHble acCCOMALMU B HCCJIeAyeMbIX IPynmax
Continuation of Table 3
Associations obtained in the studied groups and distribution of allele frequencies and
genotypes of the VDR, LUM, TNXB, GDF5, TRPM6, BMP5 genes in the studied groups

Honyasuus n YacToThl ajli1ej1el YacToThl TEHOTHIIOB
IMCHICT+ 104 900433 | 180567 |\ 450142y | 60(0,577) 29(0,279)
TMC-JICT- 23 28(0,609) 18(0,391) 8(0,348) 12(0522) 3(0,130)
2.04 0,32 1.25 2.97
O ] ] ’ ’
OR (95%Cl) (1,06-3,92) (011-087) | (050-3,09) | (0,82-10,81)
D 8’%2 0,034 0,806 0,145
IMCH+CT- 11 9(0,409) 13(0,591) 1(0,091) 7(0,636) 3(0,273)
TMC-/ICT- 23 28(0,609) 18(0,391) 8(0,348) 12(0,522) 3(0,130)
0.45 0,19 1.60 25
0 ] ] b 1
OR (95%Cl) (0,16-1,25) (0,02-174) | (0.37-7.02) | (0,41-15,10)
D 0,199 0213 0.715 0,362
TRPMS rs11144134
Bri6opku C T CcC CT T
TMC+ 116 29(0.211) | 183(0,789) 6(0,052) 37(0,319) 73(0,629)
TMC - 28 25(0,446) 31(0,554) 1(0,036) 23(0,821) 4(0,143)
3.00 147 0,10 10,19
O ) ) i) 1
OR (95%Cl) (1,63-5.56) (0,17-12,75) | (0.04-029) | (3,31-31,32)
0,0006 ) 0,00001 0,00001
P 0,0096* 0,00015* 0,00015*
ICT 110 28(0.218) | 172(0,782) 5(0,046) 38(0,345) 67(0,609)
JICT- 34 26(0,382) 42(0,618) 2(0,059) 22(0,647) 10(0,294)
222 0.76 0,29 3.74
o ] ] 1 1
OR (95%Cl) (1,24-3,98) (014-411) | (013-064) | (1,63-8,59)
0,010 0,003
P 0,140* 1 0,003 0,042*
IMCHACTS 105 24(0210) | 166(0,790) 5(0,048) 34(0,324) 66(0,629)
TMC-/ICT- 23 21(0,457) 25(0,543) 1(0,044) 19(0,826) 3(0,130)
317 1.0 01 11.28
o ] 1 1 1
OR (95%Cl) (1,62-6,18) (0,11-898) | (0,03031) | (3,15-4043)
0,001 ) 0,00004 0,00004
P 0,014* 0,00056*
7(0,636)
IMCHICT- 11 5(0,227) 17(0,773) 1(0,091) 3(0,273)
TMC-JICT- 23 21(0.457) 25(0,543) 1(0,044) 19(0,826) 3(0,130)
0.35 2.2 0,08 117
o ) 1 b b
OR (95%Cl) (0,11-1,11) (0,12-38,84) | (0,01-044) | (2,08-65,60)
0,009
D 0,108 1 0,003 0126+
GDF5 rs73611720
Bri6opku G T GG GT T
TMC+ 114 37(0,162) | 191(0,838) 0(0,000) 37(0,325) 77(0.675)
TMC - 27 7(0,130) 47(0,870) 0(0,000) 7(0,259) 20(0,741)
1.30 137 0.73
o ) - b b
OR (35%Cl) (0,55-3.10) (053-353) | (0,28-1,88)
p 0,70 0.67 0.67
JICT + 108 76(0352) | 140(0,648) | 0(0,000) | 76(0,704) 32(0,299)
TCT - 33 12(0.182) 54(0,818) 0(0,000) 12(0,364) 21(0,636)
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Tabauya 3 (okoHuanue)

Pacnpenesienue yactor aeneil u renorunos renos VDR, LUM, TNXB, GDF5, TRPM6,
BMP5 B ucciiegyemMbIX rpynnax u moJiydeHHble acCCOMALMU B HCCJIeAyeMbIX IPynmax

End of Table 3

Associations obtained in the studied groups and distribution of allele frequencies and
genotypes of the VDR, LUM, TNXB, GDF5, TRPM6, BMP5 genes in the studied groups

Honyasuus n YacToThl aJj1eieil YacToThl reHOTHUIIOB
2,44 4,15 0,24
0, ' _ ] y
OR (95%Cl) (1,23-4,85) (1,82-9,44) (0,11-0,55)
0,013 0,001
P 0,18* 0,014* 0,001
I'MC+IOCT+ 103 32(0,155) 174(0,845) 0(0,000) 32(0,311) 71(0,689)
I'MC-ACT- 22 7(0,159) 37(0,841) 0(0,000) 7(0,318) 15(0,682)
0,97 0,97 1,04
0 ] - b b
OR (95%Cl) (0,40-2,37) (0,36-2,60) (0,38-2,79)
p 0,862 0,862 0,862
I'MC+ACT- 11 5(0,227) 17(0,773) 0(0,000) 5(0,455) 6(0,545)
I'MC-ACT- 22 7(0,159) 37(0,841) 0(0,000) 7(0,318) 15(0,682)
1,55 1,79 0,56
0 ] - b b
OR (95%Cl) (0,43-5,61) (0,40-7,90) (0,13-2,48)
p 0,736 0,702 0,702

[pumeuanne: [MC+ — Hammaue THIepMOOMIBHOCTH cycTaBoB, JJCT+ — Hanmuue AUCIUTA3UN COCTUHUTEIBHON TKaHH,
I'MC+ JICT+ coueranue TMC+JICT, *— p-value nocrne nonpaBku benmkamuun-Xox6epra

Note: TMC+ — presence of joint hypermobility, JICT+ — presence of connective tissue dysplasia, TMC+ JICT+ combina-
tion of TMC+/ICT, *— p-value after Benjamin-Hochberg correction

Haubonpmiee uncino acconmanuii ObLI0
obOHapyxeHo st Jokyca rsl1144134 rena
TRPMS6. B rpynme 'MC npeobnagan ayutens T
u remorunn TT (p=0,0006; p*=0,0096;
OR=3,00; 95 % CI 1,63-5,56), (p=0,00001;
p*=00015; OR=10,19; 95 % CI 3,31-31,32) o
CPaBHEHHUIO C rpynmnoi koHtposs. [lanHas ac-
COLIMAIIMS COXPAHSIETCS U B TPYIITE C COUeTaH-
HOM matonormeit s amnens T (p=0,001;
p*=0,014; OR=3,17; 95 % CI 1,62-6,18) u re-
woruma TT  (p=0,00004; p*=0,00056;
OR=11,28; 95 % CI 3,15-40,43). B rpymnme
JCT coxpansiercss mpeoOriajgaHue TeHOTHIA
TT (p=0,003; p*=0,042; OR=3,74; 95 % CI
1,63-8,59) u amenss T (p=0,01; p*=0,14) no
CPaBHEHHUIO C KOHTPOJEM, HO CTaTUCTHYECKAs
3HAYUMOCTb JUIs ansiens T He coxpaHuachk mo-
Clie TIONPaBKA Ha MHOXKECTBEHHOCTh CpaBHe-
HHi, a reHotun TT, HECMOTpPS HA TEHACHIIUIO
K MIpeo0IaJaHuIo B TPYIIE ¢ H30JIUPOBAHHOM
I'MC, Tax:xe noTepss CTaTUCTUYECKYIO 3HAYU-
MOCTh Tocne BBeneHus mompasku (p=0,009;
p*=0,126), 4yTO MO3BONSIET CUYUTATh JIOKYC
rs11144134 rena TRPM6 wmapkepoMm pucka
HAJIMYUSI COYETAHHOM MaTOJIOTHH.

Amnens T nokyca rs3824347 rena
TRPM6 Bctpeuancs B 57 % B rpymnie H30JH-
posannoii 'MC, B 56,7 % B rpyIime ¢ co4eTan-
HOW MAaTOJNOTrMeH, BBIABISAI TEHICHIMIO K
0oJbIIEeH YacTOTE MO CPAaBHEHHUIO C TPYIION
koHTponst (39,1 %), onHako accoumanus He
COXpaHMWJIa CTATHCTUYECKON 3HAYMMOCTH TIO-
cJie MOMpPaBKU HA MHOXKECTBEHHOCTh CpaBHe-
Huit (p=0,026; p*=0,42 u p=0,045; p*=0,72;
COOTBETCTBEHHO).

Yacrora amrens G mokyca rs73611720
rena GDF5 Orpina Boie y aun ¢ JICT, ognako
pa3nuuus HE COXPAaHWINM CTaTUCTHUYECKYIO
3HaYMMOCTh IOCJI€ BBEJCHMS IONpPABKU Ha
MHOXECTBEHHOCTh  cpaBHeHuit  (p=0,013;
p*=0,182). IIpu sTom wactoTta reHoruna GT
ObLTa CTATHCTUYECKH 3HAYUMO BBIIIIE B TPYIIIIE
¢ ACT (p=0,001; p*=0,014; OR=4,15; 95% ClI
1,82-9,44). O6pamaeT Ha ceOsT BHUMaHHUE OT-
CYTCTBHE TOMO3UTOTHBIX reHOTHIIOB GG Kak B
rpynnax ¢ 'MC u JICT, Tak u B rpymnmax KoH-
TPOJISA, IPU 3TOM YacTOTa MHUHOPHOTO aJljIelis
B Pa3JIM4YHBIX Nonyysnusax Bapeupyer ot 0,40
1o 0,50. Jlokyc rs73611720 rena GDF5 saBns-
etcst mapkepom u3onmpoBannoin J{CT.
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B xome anamm3a ObUIO OOHApY’KEHO
HEPAaBHOBECHE IO CIICIUICHUIO MEXIY JIOKY-
camu [rS2268578 wu rs3759222 rena LUM
(D™>0.660), KOTOpbIE chopMupoBanu
OJIMH TaIUIOTUIIMYECKUI OJIOK, OJIHAKO CpaB

HUTEbHBIA aHAINU3 HE BBISIBIJI aCCOLMAIIUN KaK
JUISL JAHHBIX MapKepoB, TaK M JJIsl TOIMMOpPd-
HbIX BapuaHToB 11540149 (VDR) u rs3130342
(TNXB). Bce monydeHHbIC pe3ysibTaThl CXeMa-
TUYECKH NPE/ICTaBIICHbI HA PHUCYHKE.

MC

BMPS5
rs3734444
rs1470527

VDR rs11540149
LUM rs2268578
LUM 153759222
TNXB rs3130342

Puc. Ananus acconuanmii monumopdueix Bapuantos reaos VDR, LUM, TNXB, GDF5, BMP5,
TRPM6 ¢ I'MC u JICT B u30TMpOBaHHOM WJIA COYETAaHHOM COCTOSTHUU. JIOKYCBI, aCCOITMUPOBAH-
HbI€ C U30JIUPOBAHHBIMU (PEHOTUIIAMH, HAXOAATCS BHYTPU QUTYP, C KOMOMHUPOBAHHBIMH —

Ha TIEPECEUCHHH, P OTCYTCTBUM aCCOIMAIIUN — 32 KOHTYpamMu (QuUryp.

Fig. Analysis of associations of polymorphic variants of the VDR, LUM, TNXB, GDF5, BMP5,
TRPM6 genes with JH and CTD in an isolated or combined state. The loci associated with isolated
phenotypes are located inside the figures, with the combined ones, at the intersection, in the absence
of associations, outside the contours of the figures.

W3BecTHO, 4YTO HccaenyemMblid  JIOKYC
rs11540149 (c.*1865G>A) rena VDR sBns-
€TCSI CAiTOM CBSI3BIBAHUS JIJISI HECKOJIBKHX pe-
rynstopabix MUKpoPHK, nHanpumep hsa-miR-
150-5p, hsa-miR-629-3p, hsa-miR-532-3p u
ap. Hsa-miR1260a, hsa-miR-1260b, o6nanato-
1€ CPOJICTBOM K aJUIeNI0 A, SIBIISIIOTCSI MapKe-
paMH  YCKOPEHHOTO CTapeHus O0CTe00JIacTOB
[25]. MIpennonaraercs, 4T0 OMHOHYKICOTHTHASL
3ameHa c*1865G>A NPUBOIUT K YXYIIICHUIO
cBs3piBaHKsA MaTpryHoi PHK ¢ kopoTknmu ms-
tepdepupytommumu MUkpoPHK, uto u npuso-
IUT K HapyIICHHIO aKTUBHOCTH TeHa. PaHee
HaMu OOHapy)KeHa accouuauust aens A Jo-
kyca Is11540149 ¢ nepenmomamu y My»4urH pyc-

CKOM 3THUYECKOM MPUHAICKHOCTH [26], B 1aH-
HOM paboTe He ObLIO OOHAPY>KEHO CTaTUCTUYE-
CKH 3Ha4YMMBIX accormarmii ¢ [ MC.

I'er LUM uccnenoBaics Ha MOJIENN XPo-
HUYECKUX KOHTPAKTYP CYCTaBOB Y KPOJIMKOB,
/i€ BBISICHUIIOCK, 4TO dKcrpeccust MPHK nan-
HOTO I'eHa TOBBIIICHA B CYCTAaBHBIX KaIlCyJiax
KOJICHHBIX CYCTaBOB C KOHTPAKTYPOH, UTO M03-
BOJISICT TIPEJIITOJIOKATh BO3MOMKHBIA BKJIAJ
JIOMHMKaHa B pa3BUTHE 3TOM marosioruu [27].
Kelemen LE u coasrt. (2008) B ucciemoBanuu
Ha 6aze KIMHUKH Meio, B KOTOPOM TMPHHSIIO
ydgactie 798 manueHToB, OOHAPYKWIH acco-
nuaruio renoruna GG nokyca rs2268578 rena
LUM c pakom MosouHoi xene3sl [15]. Jlanee
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Couch FJ (2009) B Toi1 ke k1uHuke Meiio 00-
Hapy»XWI TCHIEHIIMIO K acCOIMAIUU JIOKyca
rs2268578 ¢ pakoM MOJIOYHOW IKeJe3bl, OJI-
HAaKO CTaTHCTUYECKAash 3HAYUMOCTh He Oblia
nocturayTa [28]. 3arem Ernest K Amankwah
1 coaBT. (2011) ocymiecTBIsIN MOUCK aCCOIH-
aIii HEKOTOPBIX JIOKYCOB JIIOMUKaHA U JIEKO-
pUHA C CEpO3HO-AMUTEINATBHBIM PAKOM SIY-
HHUKOB, HO JIJIS ajiieist rs2268578 acconmanuii
He ObuT0 oOHapykeHo [29]. Taxxke Park SH
(2013) 1 coaBT. MPOBOJUIU TOUCK accolMa-
1uu Jiokyca rs3759222 rena LUM ¢ muonueit
Pa3JINYHOM CTEIIEHH BBIPA)KEHHOCTH B KOpEH-
CKOI1 momyJIsiuu 1 Obl1a OOHApYKeHa TeH ICH-
must Haanuust regoruna CC u amrena C xak
MPOTEKTUBHOTO (paKTOpa, OJJHAKO CTATUCTHYE-
CKOHM 3HAYMMOCTH He ObuTO JocTUrHYTO [30].
JHlanee He M u coagrt. (2014) 6bu1 nIpoBe/icH
MeTaaHaJIn3, B KOTOPBIA BOIILIH BOCEMb HCCIIe-
noBaHuii (1425 cmywaeB u 1271 KOHTpPOJIB)
Cpemu a3uaTCKOM TOMyJSUUd Ha TPEeIMET
CBSI3M JIaHHOTO JIOKYCa C OJIM30PYKOCTHIO, T/Ie
JaHHAsI Teopust ObLJIa IMOJTHOCTHIO OTBEPrHYTA
[31].

Kamatani Y (2008) oOHapy»Xuiu acco-
nuarnuio Jokyca rs3130342 amnenss G rena
TNXB ¢ cucremHOI KpacHOH BOJTYaHKOMW B HC-
cnenoBaHuy 178 MaIMEeHTOB SIMOHCKOW TOIMY-
asuuu [20]. Schalkwijk u coast. (2001) onu-
calld OTCYTCTBHE TeHAcIlHa B B ChIBOpOTKe
KPOBHU 5 TMAIMEHTOB C KJIACCHYECKHM IOJITH-
noMm cunHapoma Dnepca-Jlanno (CO/I), BkiIIO-
yaBmuM, B ToM yucie u ' MC. Myraruu rena
TNXB OblM BBISIBIIEHBI Y BCEX MAI[MEHTOB C
JNe(PUITUTOM CBIBOPOTOYHOTO TCHACIIMHA; Y O/I-
HOTO TaIMeHTa OblIa TOMO3UTOTHAS JeNelus,
OJIMH OBUT TETEPO3UTOTEH IO JCICIUH, a y
TpeX APYruX ObUIM TOMO3HTOTHBIE TOYKOBHIC
NENIeNIUN, YTO TIOJATBEPXKIACT TPHUYNHHYIO
pons reHa TNXB u peueccuBHBIN XapakTep
HacnenoBanus [32]. [lanee atoi rpymnmoi uc-
cienoBareneil ObLI0 TPOBEJCHO PACIIMPEHHOE
obcnenoBanue 20 marmerToB ¢ CO/I. ¥V Bcex
o0cie1oBaHHBIX ObUTH OOHAPYKEHHBIC 3HAYH-
TEJIBHO CHIDKCHHBIC YPOBHHU TEHACIIMHA B ChI-
BOPOTKE KPOBH, U y 17 U3 HUX MOATBEPKIACHBI
retepo3uroTHeie aenenuu B reae TNXB [33].

I'en TRPM6, momMuMo perymisiuu Mera-
0oJM3Ma MarHus, TaKXKe OTBEYAeT 3a OCTEeO-
reanyo aquddepentmposky [34]. Iloreps Mg

2+ B OpraHusMe CrocoOCTBYET Pa3BUTHUIO Ta-
KHX IIAPOKO PACIPOCTPAHECHHBIX 3a00JieBa-
HMH, Kak nuaber 2 TuIa, MeTa0OIMYECKHM
CHUH/IPOM, OCTEOTIOPO3 M PA3THYHBIC TUIIBI UM-
MYHHBIX, CEpIEUYHO-COCYJIUCTBIX U HEBPOJIO-
rudeckux Hapyuenuit [35]. JlykmaHoBa u co-
aBT. (2019), mpoBensi uWcciie0OBaHUE C y4a-
ctueM 250 MOJOJIBIX JIF0IeH, OOHAPY UK ac-
COILIMAIIMIO MEX/Ty CHIDKEHUEM KOHIICHTPAIHH
ChIBOpOTOUHOrOo MarHusg u HamnuueM JICT
[36] Uudopmanus o nokyce rs3824347 rena
TRPMG6 orpanuuena.

Koctaeie MopdoreHernueckne OCIKu
(BMP) nipeacraBisror co60ii MHOTO(YHKI[HO-
HaJIbHBIC (PAKTOPHI POCTa, IPUHAICIKAIIHE K
HaJICEMENCTBY TpaHcpopMupyromux (Hakro-
poB pocta-p (TGF -6era) 1 BBIOIHSIOT 1BO¥-
Hy10 (yHKIHI0O. MUKPOOKpY>KEHHE CIIOCO0-
CTBYET aJUIOTCHHOW WJIA OCTEOTCHHOU aud-
(dhepeHMpoBKe, CrOcOOCTBYs JIMOO aaMIIore-
Hesy, oo ocreoreHesy [37]. Sharma AC u
coart. (2017) B Uuauu (1. Jlaxnay) B uccueno-
BaHUU ¢ yyactueM 499 nanueHToB ¢ peHTI€HO-
JIOTHYECKH MOATBEpkAeHHBIM OA KOJIEHHOTO
cycraBa 1 458 nmanyueHTaMu rpynnbl KOHTPOJI,
oOHapyxwuu accoruanuio OA U TeHOTHUIIAMU
CT u TT noxkyca rs1470527 rera BMP5, 4to
HE MPOTUBOPEYUT MOJTYICHHBIM HAMU JTAHHBIM
[13]. B wuccnenoBanmm nokyca rs3734444
Huang SP u coast. (2012) onucanu acconua-
mun  koMOumHamuu reHotunos AA+AG ¢
PHCKOM TIPOTPECCHpPOBAHUS paka IMpeacTa-
TETPHOM JKEJIe3bI I CMEPTHOCTBIO OT BCEX MPH-
yuH [14], a Liang W u coasr. (2014) B uccne-
JIOBAHUM KHUTANCKOW XaHbCKOW MOMYJISIUUUA B
BeIOOpKe 13 510 yenoek ¢ OA KOJIEHHOTO Cy-
ctaBa 1 520 4yesnoBeK rpymnibl KOHTPOJIS HE 00-
HapYXWIA 3HAUUMBIX aCCOIMAIUNA T€HOTHUTIOB
CT u CC u Hamuuuem OA [38], uto He coria-
CyeTcsl C OJTYyYEeHHBIMU HAaMH Pe3yJIbTaTaMHu.

B wuccnenoBanum Meyer TE u coaBr.
(2010) ammens T nokyca rsl11144134 rena
TRPM6 accomuupoBaicst ¢ 0Ooiee HU3KUM
YpOBHEM Marauisi B CHIBOPOTKE U 0oJiee BHICO-
KOW MHMHEPAIBHOM IIOTHOCTBKO KOCTHOM
TKaHU IIeWKu Oeapa W MOSICHUYHOTO OTAeNa
MMO3BOHOYHUKA [23], YTO HE MPOTUBOPEUHT IO~
aydeHHbIM HamMu naHHbIMU. Tak xe Cheng
WW u coasropsl (2019) nmoarsepaunu acco-
muaruo 1511144134 B reue TRPM6 ¢ Gosee
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HU3KUMH YPOBHSAMU Mg 1 GoJiee BHICOKOW MU-
HEpaJIbHOM MJIOTHOCTHIO KOCTHOM TKaHu [39],
HO MOJPOOHO accolUanuy MoJIMMOpP(pHBIX Ba-
PUAHTOB M KOHILIEHTPAIMs] MarHus aBTOPaMHU
OIHCaHbI HE OBLIH.

Tyurin A u coasrt. (2021) B uccnenona-
HUH C yyacTueM 417 )KeHIMH OOHAPYKUIIH ac-
conuanuto ayutens T jgokyca rs73611720 rena
GDF5 ¢ nanmuumeMm ocreoapTpuTa B Ipymmax
CMEIIIaHHOM HallMOHABHOCTU U MaJIbIX 3THU-
yeckux rpynn [40], uTo coryiacyercsi ¢ moiy-
YeHHBIMU HaMU JaHHBIMU. BapuaHT ¢ annenem
T mo pesympraramMm OHOMH(POPMATHIECKOTO
MPOTHO3UPOBAHUSI MMEET CPOJCTBO K MHK-
poPHK miR-3929, miR-4419b, miR-4478,
miR-485-5p, miR-6884-5p, B To BpeMs Kak K
pEeKOMY BapHaHTY aJuIeisi HMEETCSI CPOJCTBO
Kk miR-25-5p u hsa-miR-6087. miR-3929 pery-
JUPYeT aKTHUBHOCTh SIHIECPMAIBHOTO (aK-
Topa pocta Cripto-1, KOTOpBIA, B CBOIO Oue-
penb, UMEET pellarollee 3HaYeHHe JUIsl paH-
HEro SMOPUOHAILHOTO Pa3BUTHS, OH CBSI3aH C
HenudepeHIMpPOBaHHBIM CTaTyCOM SMOPHO-
HAJIBHBIX CTBOJIOBBIX KIJICTOK YeioBeka. MiR-
4478, miR-485-5p, miR-6884-5p cuipHO ac-
COLIMUPOBaHbI ¢ Mpojudepanured KIeToK Ha
Pa3MYHBIX YPOBHSX CIEIUAIN3ANNN U BIH-
10T Ha ux auddepenuuposky. Takum obpa-
30M, MTOJUMOPQH3M caiiTa CBS3BIBAHHUS MHUK-
poPHK B rene GDF5 MoeT moTeHIUaIbHO
BJIMSITH HA PETYIISLIUIO CO3PEBAHUE U POCT KJIe-
TOK COeIMHUTENbHON TKanu [41, 42, 43].

3akaodyenue. Amrens G Jokyca
rs3734444 rena BMP5 saBasgercsa noreHIH-
anbHO puckoBbIM MapkepoM I'MC B nenowm,
ayens A sokyca rs1470527 — u3onupoBaHHOM
I'MC, renorunt GT nokyca rs73611720 rena
GDF5 — mapkepom uzonuposannoit JICT, an-
nens T mokxyca rs11144134 rena TRPM6 —
mapkepoMm I'MC B coueranuu c JICT.

HNudopmanus o puHAHCHPOBAHUU

I'paum 6 popme cybcuouti uz 6r00xcema Pec-
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IHosmuMopdHBbIE JIOKYChI T¢€HOB MATPUKCHBIX
METAJJIONMPOTEHHA3 ACCOLMUPOBAHBI
C pa3BUTHEM MILEMHUYECKON 00JIe3HM cepana
¢ CONYTCTBYKOIIUM MeTA00JIHYECKUM
CUHAPOMOM
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Pesrome

AkTtyanabHocTh: Metabonnueckuit curapom (MC) 1 ero KOMIIOHEHTHI SIBJISIOTCS TPUUUHON pa3BU-
THUS U IPOTpecCUpOoBaHms 3a00JI€BaHUI cepIeHO-COCYIUCTOT0 KOHTHHYyMa. Ha ceronHsHuii 1eHb
CBA3b HIIeMHUeckoi 6one3nu cepama u MC ocraercst HeogHo3HauHOM. [Tokazana 1eHTpanbpHas poJib
MaTPUKCHBIX METAJUIONPOTENHA3 B 0OMEHe OeTKOB COeIMHUTENbHON TKaHU, PEMOAETHMPOBAHHUS Kile-
TOYHOTO MaTPUKCA, peTapanuy TKaHEeH U IPYTHX CIOXKHBIX OMOXMMUYECKHX IPOIIeccax OpraHu3ma,
YTO MO/ipa3yMeBaeT BOBJICUYECHHOCTh UX B ATOTe€He3 3a00JIeBaHUM cep/IedHO-COCYAUCTOrO KOHTUHY-
yma. lean ncenenoBanus: [louck accounanuii moiuMop@HbIX BApUaHTOB T€HOB MAaTPUKCHBIX Me-
TAJJIONIPOTENHA3 C Pa3BUTHEM CTAOMIILHON HMIIEMUYECKOH OOJIE3HH CepAla ¢ COMYTCTBYIOINM Me-
TabOIMYECKHM CUHAPOMOM. MaTepuaJibl H MeTOAbI: B riccieioBanne BKIIOYEHbI TALIUEHTHI CO CTa-
OuIIbHOM HIleMudeckoi 6one3Hbto cepAana (N=170), nuMerolue BUCHEPATbHBIA TUIT 0)KUPEHUS B CO-
YeTaHUM C JIByMsI WIM OoJiee MaTOJOTMUECKUMH COCTOSIHUSMU: TOBBILICHHBIH YPOBEHB TJIIOKO3BI B
KPOBH, TIOBBIIIICHHBIH YPOBEHb XOJIECTEPHHA B KPOBH, THIIEPTOHMsI. KOHTpOIbHAS — yCIIOBHO-3/10pO-
Bbie 700poBobibl (N=182). ['enHotunupoBanue 5 caiitoB 4 reHoB (MMP1 (rs514921), MMP3
(rs6796620, rs626750), MMP9 (rs17576), TIMP2 (rs2277698)) nposeaeno metoaom ITIP B pesxknme
peanbHOTO BpeMeHu. Konnenrpanuto MMII B ceiBopoTke kpoBu uzMepsuin metogom MDA, Ananus
MEXT€HHBIX B3aMMOJICHCTBHI ObLT TPOBeIeH Tpu romortnu mporpammbel MDR v.3.0.2. Pe3yabTaThi:
Yacrora rereposurotoro renorumna C/T nonmumopdusma rs626750 MMP3 Briiie B rpymine KOHTPOJIS
(37,90 %), yem B rpynmne nmauueHToB (23,20%), 4TO TOBOPUT O €ro MPOTEKTUBHOM 3¢ (eKTe B OTHO-
menuu pazsutus UBC ¢ comyterByromum Metadoianueckum cunapomom (OL=0,47, 95% 11 0,29-
0,75). IlpogemoncTpupoBaHo yBenmuueHnue pucka passutus UBC ¢ comytcTByrommm metabomude-
CKHM CHHJIPOMOM B 2,6 pa3a npu HocutenbcTBe reHotuna A/G rs2277698 TIMP2 no xomoMuHaHT-
HOUM MoJIeNn HacenoBanus. Acconnanuii ¢ koHneHTpamnueit MMP, a Takxe ux HHruOUTOPOB, B CHI-
BOPOTKE KpOBH U TEHOTUNAaMH TnojauMopdHbix BapuantoB MMP1 (rs514921), MMP3
(rs626750), MMP9 (rs17576), TIMP2 (rs2277698) ne mony4eno. [lomydeHa 4eThIpEXJIOKYCHAs MO-
Jenb MeXreHHbIX B3auMoaeicTeuii (MMP9 (rs17576) — MMP3 (rs626750) — MMP1 (rs514921) —


http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-3002-2863
https://orcid.org/0000-0002-4467-8732
https://orcid.org/0000-0002-9714-4080
https://orcid.org/0000-0002-4824-2418
https://orcid.org/0000-0002-0747-2495
https://orcid.org/0000-0001-7388-356X

Opuzunansnas cmamos HayuHble pesyabmambl 6uomeduyuHckux uccaedosanutl. 2024;10(2):206-221 207
Original article Research Results in Biomedicine. 2024:10(2):206-221

TIMP2 (rs2277698)), o61anaroriasi BRICOKOM YyBCTBUTEIBLHOCTHIO U CIIEITU(UIHOCTHIO, & TAKKE PHUC-
KOBBIM 3()()eKTOM B OTHOILIEHHH PA3BUTHUS JAHHOTO MATOJIOTHYECKOTO COCTOSHUS. 3aK/II04YeHHe:
HccnenoBanue NO3BOIMIO BBISIBUTH aCCOIMAIIUH MTOTUMOPQHBIX BapuaHTOB reHoB MMP 1 ux uHru-
outopos ¢ pazsutreM MBC ¢ comyTcTBYIONUM METa00INISCKUM CHHIPOMOM.

KiroueBblie cjioBa: umeMuyeckas 0osie3Hb cepana; metabonudeckuid cuaapom; MMPL; MMP3;
MMP9; TIMP2

st umTupoBanus: [lonacenko AB, Cununikas AB, Xyropaas MB, u np. [TomumopdHbIe T10KyChI
TCHOB MATPUKCHBIX METAJUIONMPOTCHHA3 ACCOIMHUPOBAHBI C PA3BUTHEM HIIEMUYECKOW OOJe3HU

ceplIa ¢ COIMyTCTBYIOMINM MeTaboIMUeCKM CHHIpoMOoM. HayuHble pe3ynbraTbl OMOMETUIIMHCKUX
uccnenosanuii. 2024;10(2):206-221. DOI: 10.18413/2658-6533-2024-10-2-0-3

Polymorphism in the matrix metallopeptidase
genes Is associated with coronary artery
disease risk with concomitant metabolic

syndrome
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Maxim Yu. Sinitsky ©, Maxim A. Asanov ©, Alena O. Poddubnyak

Research Institute of Complex Problems of Cardiovascular Diseases,
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Corresponding author: Anna V. Sinitskaya (cepoav1991@gmail.com)

Abstract

Background: Metabolic syndrome (MS) and its components are the reasons of the development and
progression of cardiovascular diseases. Nowadays, the association between coronary artery disease
and MS remains ambiguous. The central role of matrix metallopeptidases (MMP) in the metabolism
of connective tissue proteins, cell matrix remodeling, tissue repair and other complex biochemical
processes has been shown, which implies their involvement in the pathogenesis of cardiovascular
diseases. The aim of the study: To study the associations of polymorphic variants in the MMP genes
with the risk of stable coronary artery disease with concomitant metabolic syndrome. Materials and
methods: 170 patients with stable coronary artery disease concomitant with a visceral type of obesity
in combination with two or more pathological conditions (elevated serum blood glucose level, ele-
vated serum blood cholesterol level, hypertension) were included in the case group. Conditionally
healthy volunteers (n=182) were recruited in the control group. Genotyping of five polymorphic sites
in the four genes MMP1 (rs514921), MMP3 (rs6796620 and rs626750), MMP9 (rs17576) and TIMP2
(rs2277698) was performed by real-time PCR. The serum blood level of MMP was measured by
ELISA. Gene-gene interactions were analyzed using MDR v.3.0.2 software. Results: The frequency
of heterozygous C/T genotype in the MMP3 gene (rs626750) was higher in the control group
(37.90%) compared to the case group (23.20%), which indicates its protective effect on the risk of
coronary artery disease with concomitant metabolic syndrome (OR=0.47, 95%CI 0.29-0.75). 2.6-fold
increased risk of coronary artery disease with concomitant metabolic syndrome was demonstrated for
carriers of the A/G genotype in the TIMP2 gene (rs2277698) according to the codominant inheritance
model. We found no associations of polymorphic variants in the MMP1 (rs514921), MMP3
(rs626750), MMP9 (rs17576) and TIMP2 (rs2277698) genes with the serum blood level of MMP, as
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well as their inhibitors. Four-loci model of gene-gene interactions (MMP9 (rs17576) — MMP3
(rs626750) — MMP1 (rs514921) — TIMP2 (rs2277698)) characterized by high sensitivity, specificity
and risk effect to the coronary artery disease with concomitant metabolic syndrome development was
discovered. Conclusion: This study revealed the association of polymorphic variants in the MMP
genes and their inhibitors with the risk of coronary artery disease with concomitant metabolic syn-
drome. In addition, a four-locus model of intergenic interactions with high sensitivity and specificity
was obtained.

Keywords: coronary artery disease; metabolic syndrome; MMP1; MPP3; MPP9; TIMP2

For citation: Ponasenko AV, Sinitskaya AV, Khutornaya MV, et al. Polymorphism in the matrix
metallopeptidase genes is associated with coronary artery disease risk with concomitant metabolic
syndrome. Research Results in Biomedicine. 2024;10(2):206-221. Russian. DOI: 10.18413/2658-

6533-2024-10-2-0-3

BBenenue. 3aboneBaHus ceplieuHO-CO-
CYJIMCTON CUCTEMBI U UX OCIIOKHEHHUS Ha TIPO-
TSOKCHUH MHOTHUX JIET COXPAHSIOT CBOM JIH]IH-
pyIolllie MO3ULUU B CTPYKType CMEPTHOCTHU
JIMI] TPYIOCTIOCOOHOTO BO3PACTa, SIBISSACH O-
HOM M3 TNIaBHBIX MPOOJIEM 3/IpaBOOXpPaHEHUSI.
Metabonuueckuii cunapom (MC) u ero kom-
MIOHEHTHI MOTYT OBITh B3aWMOCBSI3aHbI C BO3-
HUKHOBEHHUEM U NMPOTrpecCUpOBaHUEM 3a0oJie-
BaHUU CEepJEUYHO-COCYIUCTOT0 KOHTHHYyMa
[1]. Tloka3aHo, 4TO PUCK pa3BUTHUS UILIEMUYE-
ckoit 6one3nu cepaua (MBC) y myxuuH u
xeHH ¢ MC cocraBun B 2,54 u 1,54 pas, co-
otBeTcTBeHHO. OpmHako, cBsizsb UBC u MC
ocTaeTcsl HEOJHO3HAYHOM, 0COOEHHO B 00JIa-
CTH TEHETHYECKOM COCTaBIISOIIEH [2].

Panee ycraHoBiieHa LEHTpalbHAas POJIb
MaTpUKCHBIX MeTautonporenHas (MMP) B 06-
MeHe O€JKOB COEeIMHUTENbHON TKaHHW, PeMO-
JIeTUPOBaHMs KJIETOYHOIO0 MaTpUKca, pernapa-
IIUU TKaHEH M JPYTUX CIOXKHBIX OMOXMMHUYE-
CKUX IpoIeccax OpraHu3Ma, 4To Mojapa3yMe-
BaeT BOBJICUEHHOCTh MX B TATOTEHE3 3a0oJie-
BaHUIl CepAEeYHO-COCYAMCTOT0 KOHTHUHYYMA.
CHoXHBIE MEXaHW3MBI PEryJUPOBaHUS TIPU
MATOJIOTMYECKHX MpOoIeccax, BO3HUKAIOLINX
Ha KJIETOYHOM YPOBHE TP aTepOCKICPOTHIEC-
CKOM IOpPaXKEHUH COCYJI0B Ha (oHe, 00YyCIIOB-
JICHHBIM MeTa0OJIMYECKHM CHHAPOMOM, TacT
MPENOCHIIKM UCCIIE0BaHUI B ATOM Hampas-
JICHUX TIPU KOMOPOHTHBIX COCTOSTHHSIX.

HzBectHo, uro MMP — cemelicTBO
[IUHK3aBUCUMBIX SHJIOTICTITH/Ia3, OTBETCTBEH-
HBIX 32 peMOJIeTUpOBaHNEe TKaHEe! U Jerpaaa-
1o 0eaKoB BHeKJIeTouHOro Matpukca (BKM)
[3]. Ha ceroansmuuii aens, cemerictreo MMP

HACUUTHIBAET 28 4JIeHOB, 23 U3 KOTOPBIX CHH-
TE3UPYIOTCS B TKAHIX YEJIOBEKA, a KCIIpeccus
14 oOHapyxuBaeTcs B BeHaX U aprepusx [4].
Okcnpeccuss MMP oGnapy:xuBaeTcs Ha pas-
JIMYHBIX THNAX KIeToK, Tak MMP-1 u3BectHas
KaK MHTepCTULIMAIbHAS KOJUIareHa3a B OCHOB-
HOM OOHapy’>XKHMBaeTcs Ha JEWKOIUTax, (uo-
pobsacTax, a TaKKe SHAOTENHAIBHBIX KJIET-
kax, MMP-3 (cTtpomenu3uH) — Ha cepIeUHbIX
¢bubpobnactax u makpodarax [3], MMP-9
CEKpEeTUpYyeTCs JOCTATOYHO OONBIIUM KOJH-
YEeCTBO KJIETOK, CPeAM KOTOPHIX KapIHOMHUO-
UTHl, DHIOTENHAJbHBIE KIETKH, HEHTpO-
¢uibl, Makpodaru u puodpodnactsel [5]. [Ipax-
tudyecku Bce MMP nHrudupyercs TkaHeBbIMH,
OMOJIOTHYECKUMH, a TAK)KE CUHTETUYECKUUMHU
nHruduropamu. Hanbosnee n3y4eHHbIMU SBIIS-
I0TCS1 TKAHEBbIe HHTUOUTOPBI METAIIJIONIPOTEH -
Ha3 (TIMP), koTopble npensTCTBYIOT Aerpajia-
MM MaTpukca. Beero mpeacrasieno 4 Buna
TIMP, omnako TIMP-1 u TIMP-2 nauboinee
npezcTaBieHbl B uccinenoBanusax. ITokaszaHo,
gro TIMP -1 uaru6mpyer MMP-1, MMP-3,
MMP-7, MMP-9, a TIMP-2 - MMP-2 [6]. Ot-
MedeHa BoBieueHHOCTh MMP B marorenes 3a-
0osieBaHUI CeplIeUHO-COCYAUCTOrO0 KOHTUHY-
yma [7]. Tak, moka3aHo, 4TO KOHIICHTPAIIH
MMP-9 nmena monoXuTeNbHYI0 KOPPEISAIH-
OHHYIO CBfI3b C IPOTPECCHPOBAHUEM aTepo-
CKJIEPOTHYECKOTO TOPAKEHHUsSI KOPOHAPHBIX
aprepuii [8]. Kpome Toro, BbIsIBIEHBI Oosee
BbICOKHE KoHIeHTpauuu MMP-1,-3,-9 y nanu-
€HTOB C OCTPhIM HH(APKTOM MHOKapaa C
norbeMoM cermMeHTa ST 1Mo CpaBHEHUIO ¢ KOH-
TPOJIBHOM I'PYIIION HA IPOTSKEHNUHN BCETO IOC-
nuranpHoro mnepuoaa [9]. Bmecre ¢ Tewm,
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BaXHBIM KOMIIOHEHTOM B H3YYE€HUHU PpOJIU
MMP B pa3BuTuu HEONArompUsATHBIX CeEp-
JI€YHO-COCYTUCTBIX COOBITMHM B MOArpyImax
pHUCKa, SBJISETCA OLIEHKa BapuaOeIbHOCTU
CTPYKTYpbl T€HOB, KOJUPYIOIIUX JIaHHbIE
O0enku. Mcxons W3 ONMCaHHON MPOOIEeMBI
Obu1a COpPMYJIMPOBaHa 1eJIb UCCJIe0BAHNS,
KOTOpasl 3aKJI0Yanach B IMOUCKE acCOLMaLUi
MOJMMOP(HBIX BAPUAHTOB I'€HOB MAaTPUKCHBIX
METAJUIONPOTENHA3 C Pa3BUTHEM CTAOMIILHON
UIIEMUYECKOi 00JIe3HU cepala C COMyTCTBY-
IOLIUM METa0O0JINYECKUM CUHIPOMOM.
Marepnanbl U MeTOAbl HCCJIEI0BA-
Husl. lccnenoBanue BhINONIHEHO Ha 0Oasze
OI'bHY «HayuHo-uccnenoBarenbCkuii  MH-
CTUTYT KOMILJIEKCHBIX IPOOJIEeM CepaeyHO-CO-
CYIMCTHIX 3a0ojeBaHuii», r. KemepoBo u siB-
JSieTCs PeTPOCIEKTUBHBIM, OIHOLEHTPOBBIM.
Bce yuacTHUKY Hcce10BaHus IPOXOAMIIN Jie-
YeHUE B KapAHOJIOIMYECKOM M KapAHOXUPYP-
rudeckoM otaenenusax HUM KIICC3.
HccnenoBanue ObUIO BBINOIHEHO B CO-
OTBETCTBUM CO CTaHJIApTaMU HaJyIexallei
knuHudyecko  mpaktukd  (Good  Clinical
Practive) u npunnunamu XenbcuHckon /[le-
knapanuu. [loxydeno onoOpenue JlokambHoro
ATHUYECKOr0 KOMUTETa Ha MPOTOKOJ HCCIEN0-
BaHus (mpotokoin Nel3 ot 05.08.2016 r.). Bee
oOcnemyemble amu T0OpOBOJIBLHOE MHUCHMEH-
HOE COrJlacle Ha y4acTHE B MCCIEIO0BaHUU, B
TOM YHCII€ U Ha MOJIEKYJISIPHO-TEHETUYECKOE
TecTUpoBaHue. B pamkax wHcciaenoBaHus
c(OpMUPOBAHO ABE TPYMIIbI: OCHOBHAs — Ma-
LIUEHTHI CO CTAOMJILHON MIIEMUYECKOi Ooes-
HbIO cepana c comyrcrBytomumM MC (128
MY>KYMH U 42 KEHUIMHbI) U KOHTPOJbHAs —
YCIIOBHO-3/10pOBbIe 10OpoBObIb! (110 Myx-
YMH U 72 5KEHUIMHBI), CPEIHHUI BO3pacT KOTO-
peix coctaBui 59,85 (33-75) u 53,59 (30-75),
COOTBETCTBEHHO. Kpurepuu BKIIIOUEHHS B OC-
HOBHYIO TpYIIIy: BO3pacT MOJOXke 75 Jer,
HaIM4YMe  CTaOWIBHOM  CTEHOKapaAWu B
aHamHe3e, MOJIMUCAaHHOEe HH(MOPMHUPOBAHHOE
coIlacue Ha y4acTue B MCCIEI0BaHUU, HAU-
YK€ BUCLEPATLHOTO TUIIA 0)KUPEHUS B COUeTa-
HUM C IBYMS HJIH O0Jiee MaToJIOTHYECKUMH CO-
CTOSIHUSIMU: TTOBBIIIEHHBIA YPOBEHb IIIOKO3BI
B KpPOBH, MOBBIIIEHHBII YPOBEHb XOJIECTEPUHA
B KpOBM, THIIEPTOHHSA; HE BKJIIOYAIHUChH

HAIMEeHThI, UMEIOIIUE TSHKEITYI0 COMYTCTBYIO-
HIYIO MATOJIOTHIO, M HE MOMUCABIINE HHOP-
MHUPOBaHHOE corjlacue Ha ydactue. J(uarxos
NBC ycTanoBieH KBaau(pUIIMPOBAHHBIMU Bpa-
yamu-kapauosoramu HUM KIICC3 nHa ocHo-
BAaHWU KOMIUIEKCHOTO KJIMHUYECKOIO M WH-
CTPYMEHTAJILHOTO 00CIeI0BaHUs MAllMEeHTOB,
a TakXxe coriacHo HanmumoHalnbHBIM peKOMEH-
nanusM Beepoccuiickoro Hay4HOTo 001iecTBa
KapAHOJIOrOB IO IUAarHOCTUKE U JICYSHHIO CTa-
OownpHOM creHokapauu [10]. Jnsg oueHku
(yHKIIMOHATBHOTO KJIacca CTEHOKapIuu Mpu-
mensu Kananckyro kinaccuukanuto, uis Xa-
PaKTEPUCTUKU XPOHUUYECKOU CepIeuHOi He10-
CTaTOYHOCTH HCIIOJIb30BAJIM KJIaCCU(UKALIHUIO
Hpro-MopkcKoil  accolmaniy  KapuoJioroB
(NYHA) [11]. Bce yuacTHUKH UCCIIEJOBAHUS
MPUHAJICKATH K PyCCKOMY 3THOCY U MPOXKU-
BaM Ha Tepputopun 3anaanon Cubupu (Ke-
MepoBcKas obnacte, PD) He MeHee, ueM B
JBYX MOKOJIEHUSIX. B rpynmy KOHTpOJIs BKITO-
YallMCh YYaCTHUKH 03 KaKoh-I1100 cepIeqHo-
cocyauctoil narosioruu. Kpurepuun uckiroue-
HUS U3 UCCIIEIOBAHUS: TsHKENasi COMYTCTBYIO-
masi maTojorusi (OHKOJOTHYECKHE, peBMaTH-
yeckue 3aboyieBaHUS U JIp.), YYACTHUKH, HE
MOANKCABIINE WH(OPMHUPOBAHHOE COIJIacHe
Ha y4acTHUE B UCCIIEJOBAaHUHU.

Hns Beinenenust renomuoit JIHK cran-
JapTHBIM ~ METOJIOM  (peHOJI-XJI0POHOPMHOM
9KCTPAKLIMH, UCTIOIb30BAIH NEpUPEPUIECKYIO
KpPOBb, COOpaHHYIO M3 JIOKTE€BOM BEHBI B MPO-
6upky, koropas cogepxxaia KsEDTA. Kpure-
pUsIMU JUTSL 0TOOPA MOIMMOP(HBIX BapUAHTOB
MOCITY’KUJIM: JIOKAJIN3alus B FeHax, KOAUPYIO-
ux MMP, a Takxe uX HHTHOUTOPOB, Pacpo-
CTPaHEHHOCTbh MUHOPHOTO aJUIeNs MOIUMOpd-
HOTO caiiTa B HomyJisiiiuy 1o nanasiM HapMap
6onee 5%, Hanuune QyHKIMOHATBHBIX 2P dek-
TOB (CBSA3b SMUTCHETUUECKUMHU XapaKTEePUCTHU-
KaMU U TPaHCKPHIILIMEH TeHOB), COrIacHo 0ase
nanabix HaploReg v4.2 [12], a Takxke cBs3b ©
sKcnpeccuei reHos. [ or6opa SNP ucnosns-
3oBajuchk 0a3el maHHbIX dbSNP, SNPinfo u
SNPnexus.

Ha ocHOBaHMYM TaHHBIX HAYYHBIX Ty OJIH-
KaIu, U1t HaIllero uccaea0BaHust 0ToOpaHo 5
caiitoB 4 renoB (MMP1 (rs514921), MMP3
(rs6796620, rs626750), MMP9  (rs17576),
TIMP2 (rs2277698)) (Ta6mx. 1).
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Tabnuya 1

XapaKTepHCTI/IKa Ir¢HOB, BKJIIOYCHHBIX B UCCJICAOBAHHUE

Table 1

Characteristic of the studied polymorphisms

Ha3panue IoaumopdHbIii YacToTa MHHOPHOI'O
Ien
KOJHUPYEMOro Oejka BAPHAHT amaeas (MAF)

MMP1 HMHTepcTHIMaIbHas KoJiJareHasa rs514921 G=0,24

rs6796620 G=0,07
MMP3 Crpomenu3un-1 15626750 G=087
MMP9 MarpukcHas MeTaJUIONPOTeHHa3a - 9 rsl7576 G=0,35
TIMP2 TxaHEeBbII HHTHOWTOP METAJUIONPOTEHHA3 2 rs2277698 T=0,11

[pumeuanne: MAF — qactota MUHOpHOTO ayutens B EBponeiickoil mormy .
Note: MAF — frequency of the minor allele in the European population.

['eHoTUNIMpPOBaHUE TPOBOIIINA METOJIOM
amnens — crneuuduueckoit [P ¢ ¢myopec-
LIEHTHO-Me4eHbIMU 30H1amMu (TagMan), koto-
pble ObuUIM cuHTEe3upoBaHbl koMnanuei JJHK-
cunte3 (Mockga, Poccust), Ha mpubope CFX96
Touch (1855195, Bio-Rad, CIIIA) ¢ ucrosn30-
BaHHeM Mactep-mukca buoMacrep HS-gPCR
Lo-ROX (2x) (xar.nomep MHRO021-2040,
buonabmukc).

JJ1s KOHTpOJIs KauecTBa MepcoHall, Ipo-
BOJSIIUN UCCIIEIOBaHKE, HE ObLI MOCTaBJICH B
W3BECTHOCTH O IPUHAIUICKHOCTH KaxXI0r0 00-
pas3na KOHKPETHOMY HHIMBHIYYMY, HUCIOJb-
30BAIMCh KOHTPOJBHBIE OOpPAa3Ibl C HM3BECT-
HbIMU TeHoTurnamMu 1 10 % ciryuaitno BeIOpaH-
HBIX 00pa3I0B FTeHOTHIUPOBAHO TOBTOPHO.

Konnenrpanuto MMP-1 (kat. DY901B,
R&D Systems, USA), MMP-3 (kat. DMP300,
R&D Systems, USA), MMP-9 (kat. DMP900,
R&D Systems, USA), TIMP-1 (kar. DTM100,
R&D Systems, USA), TIMP-2 (kar. DTM200
R&D Systems, USA) ompenensuin mocpen-
CTBOM HMMYHO(QEPMEHTHOTO aHaju3a Co-
TJIACHO TPOTOKOJTYy MPOU3BOAUTEINS Ha CIIEK-
tpodoromerpe Multiskan Sky (Thermo Scien-
tific).

CraTucTUuecKkuid aHaiu3 JTaHHBIX IIPO-
Boawiu B mporpammax GraphPad Prism 8
(GraphPad Software) u SNPstats
(https://www.snpstats.net/) [13]. Hopmaisb-
HOCTh pAaCIIPE/ICIICHUs] BBHIOOPKH OIICHUBAIIN
kputepueM llanupo-Yuika. Onrcanue Koiam-
YEeCTBEHHBIX MTPU3HAKOB MPEICTABIICHO B BUJIC
cpeaHeapu(pMeTHUecKoro 3Ha4YeHUs U MHUHU-
MyMa, H MaKcuMyMa K Hemy. [Ipu aHanmze He-
3aBUCHMBIX  KOJIIMYECTBEHHBIX  MPU3HAKOB
MEXIy IBYMs TPyIIIaMHA HUCIOJIH30BAITH KPH-
tepuii ManHa-YutHu. CpaBHEHHE MEXITY

TpeMsl TpyHmamMl MPOBOJWIM IPH OMOIIA
kputepusa Kpackena-Yonuca, nompaBky Ha
MHO>KE€CTBEHHBIE CPABHEHHSI BBHITIOJIHSIIH C UC-
nosib3oBanueM Merona FDR. Paznuuus B pac-
IpeeeHUH alljIeNIbHbIX BapUaHTOB B HCCIE-
JNYEMbIX Ipylnax OCYLIECTBIISJIM HO KpUTe-
pHIo ¥°. AcCCOIMALMH TEHOTHIIOB C PHCKOM
pa3BuTHA 3a00JI€BaHUs IPOBOAUIIY IIyTEM BBI-
yycnenus: otHoueHus mancos (OLI) u nose-
putenbHOrO HHTEpBasia K Hemy (95%/11).
AHanu3 MEXIE€HHBIX B3aMMOJIEHCTBUAN OBLI
MpoBEACH Ipu nomomu mnporpammel MDR
v.3.0.2 [14]. PerynaropHslil noTeHMAI OJIU-
MOP(]HBIX JIOKYCOB OILICHMBAJIU C MOMOIIBIO
OHJIalH cepBHca HaploReg (v.4.1)
(http://archive.broadinstitute.org / mammals /
haploreg / haploreg.php). Pe3ynbTatsl cuntau
cTarucTryecku 3HaunMbIMu Tipu P<0,05.

PesyabTrarbl. TecT Ha paBHOBECHE
Xapnu-BaiinGepra nokasan, uto 4 (rs626750,
rs514921, rs2277698, rs17576) mommumopd-
HBIX BapHaHTa U3 5 COOTBETCTBYIOT paBHOBEC-
HOMY pacrpeiesIeHHI0, IS JIoKyca $6796620
reda MMP3 oTMeueHOo OTKJIIOHEHUE OT OKHa-
€MOro  pacrmpeneneHusi,  0O0yCIOBIEHHOE
YMEHBIICHHEM Ha0JIt0JaeMOil FeTepO3UroTHO-
CTH IO CPABHEHUIO C OKHJIAEMOM 4acTOTOM, B
CBSI3M C YEM JIaHHBIH JIOKYC OBLIT UCKIIOYEH U3
aHanm3a accormanuii (Tabm. 2).

[Ipu cpaBHUTENPHOM aHaJIM3€ BBHIOpaH-
HBIX MOJMMOP(HBIX BapUaHTOB B IpyMIie Ha-
nueHToB ¢ MUbC u KOHTpOJBHOW TIpynmow,
ycTaHoBieHo, 4yTo ¢ MBC ¢ comyTcTByrommm
MeTabOIMYEeCKUM CHHIPOMOM  acCOLUUPO-
Bauel MMP3  (rs626750) wu  TIMP2
(rs2277698).
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Tabauya 2
YacroTa BCTpeuaeMOCTH ajliejieil U TeHOTHIIOB MccieyeMbIX reHOB y nanueHToB ¢ UBC n conyTcTBYHOIIMM MeTa00IMYeCKUM CHHAPOMOM
U B KOHTPOJIbHOM Irpymime

Table 2
The frequency of occurrence of genotypes of the studied genes in patients with coronary artery disease and concomitant
metabolic syndrome and in the control group
Fen/ Tiosn- N = OcHoBHan rpynna, (N=170 = KontpoabHas rpynna, (N=182) Ol P-level
Moppu3m /TeHoTHII CTgeﬁzae(I;;:)CTb’ Ho He Phwe ﬂgeﬁt;aizzo)cn, Ho He Phwe (95% JAN)
A 266 (78,70) 262 (72,38) ]
MPL G 72 (21,30) 100 (27.62) 1,41(0,99-1,99) 0,05
(514921 AIA 105 (62,10) 0,33 0,33 0,65 96 (53,00) 0,38 0,39 0,87 1,00
AlG 56 (33,10) 70 (38,70) 0,72 (0,46-1,13) 0,12
GIG 8 (4,70) 15 (8,30) 0,46 (0,18-1,14)
C 281 (83,63) 269 (73,90) ]
N = 55 (16.37) 95 (26.10) 1,80 (1,24-2,61) 0,0019
(626750 CIC 121 (72,00) 0,23 0,27 0,052 100 (55,00) 0,37 0,38 0,81 1,00 0,0038
CIT 39 (23,20) 69 (37,90) 0,47 (0,29-0,75) '
TT 8 (4,80) 13 (7,10) 0,49 (0,19-1,24)
G 176 (52,38) 240 (65,93) ]
VP A 160 (47,62) 124 (34.07) 0,56 (0,41-0,77) 0,0003
6796620 GIG 56 (33,30) 0,38 0,49 0,0001 99 (54,40) 0,23 0,44 0,002 1,00
AlG 64 (38,10) 42 (23,10) 4,09 (2,31-7,22) 0,0001
AIA 48 (28,60) 41 (22,50) 2,64 (1,51-4,62)
A 201 (59,47) 219 (60,16) ]
G 137 (40,53) 145 (39.84) 0,97(0.71-1,31) 0,85
MMP9 rs17576 AIA 63 (37,30) 0,44 0,48 0,72 67 (36,80) 0,46 0,47 0,30 1,00
AlG 75 (44,40) 85 (46,70) 0,94 (0,59-1,51) 0,86
GIG 31 (18,30) 30 (16,50) 1,11 (0,60-2,06)
G 298 (88,16) 343 (94,75) ]
A 20 (11.84) 19 (5.25) 0,41 (0,23-0,72) 0,0022
TIMP2 GIG 131 (77,50) 021 | 020 0,78 163 (90,10) 0,09 0,09 0,45 1,00
rs2277698 AIG 36 (21,30) 17 (9,40) 2,63 (1,42-4,90) 0,0056
A/A 2 (1,20) 1 (0,60) 2,16 (0,19-23,97)

IpuMeuanue: KpUTepHil (2 HCTIONIB30BAH /IS OLIEHKH COOTBETCTBHS HAOJIFOIAEMOTO PACTIPE/IENIeHUs] TEHOTHIIOB 0XKHUIAEMOMY, HCXOJIS U3 PaBHOBecus Xapau-Baiin6epra Ho u He —
HaGHIOJlaeMaﬂ " O)KngaceMas rer€po3nuroTHOCTb.

Note: the y? test was used to assess the compliance of the observed genotype distribution with the expected one, based on the Hardy-Weinberg equilibrium Ho and He — observed and
expected heterozygosity.
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BoisiBIeHO, YTO YacToTa IeTepO3UTOT-
noro rerotuna C/T momumopduzma rs626750
MMP3 Obiia Bblllle B Tpynne KOHTPOJS
(37,90 %), yem B rpymmne marueHToB (23,20%),
YTO TOBOPUT O €r0 MPOTEKTUBHOM 3(PdeKTe B
otHoueHuu pazsutusa MbC ¢ conmyTcTByronmm
Metabonuueckum  cuHAapomoM  (OII=0,47,
95%A1 0,29-0,75). Kpome Toro, mpojemMoH-
CTPUPOBAHO yBelndeHue pucka pazsutus MbC
C COMYTCTBYIOIIUM METa0OIMUYECKUM CHHIIPO-
MOM B 2,6 pa3a Ipu HOCHUTEIbCTBE I'€HOTUIIA
A/G rs2277698 TIMP2 no ko foMAHAHTHON MO-
nenu Hacnenosanus (Taba. 2).

CornacHO JaHHBIM, TMOJYYEHHBIM U3
0a3er HaploReg (v4.1), ayutenbHble BapuaHTHI
rs626750 MMP3 u rs2277698 TIMP2, nns koto-
PBIX TIOKa3aHbI ACCOLMALIH C U3y4aeMbIM (heHO-
TUTOM, pacnonaratorcs B pernonax JIHK, cBs-
3BIBAIOIIMXCS C TUCTOHAMH, MAapKHPYIOIIUMHA
SHXaHcepbl  (MOAMGMUIIMPOBAHHBII  T'MCTOH
H3K4mel) (B Me3eHXUMaNbHBIX KJIETKaX, KJIET-
KaXx >OKUPOBOM TKaHW, MpPEIIIeCTBEHHUKAX

(hnuOpo0OIacTOB, KJIETKAaX TOJIOBHOTO MO3Ta).

HeoTpeMizeMoi 4acThI0 aCCOLIMATUBHBIX
HCCTIEAOBAaHUIN SIBIISICTCS W3YyYCHHUE B3aHWMO-
JICUCTBUI MEK]ly TEHAMU C LEJBI0 YCTAHOBJIE-
HUSI KOMOWHAIIUKA TOJUMOP(HBIX BapHAHTOB,
MMEIOIUX HAHOOIBIIYI0 MATOTCHETUYECKYIO
3HAYMMOCTh. Tak, C HCIOJIb30BAHHEM IPO-
rpammbl MDR BhIsIBIIEHA 0f1HA HanboJiee 3Ha-
ypMasi MOJIEIb B3aUMOCHCTBHS, 00J1aqar01ast
BBICOKOM TOYHOCTh, YYyBCTBHUTEIBHOCTHIO H
cnenuduunocteio (Tabm. 3). B pamkax mo-
CTPOCHHON YETHIPEXJIOKYCHOW MOJEIH MEX-
TE€HHBIX B3aUMOJECHCTBUI BBISBICHBI CIEIYIO-
e KOMOMHAIIMU TEeHOTHUIIOB, KOTOPBIE acco-
IUUPOBAHBI C U3y4aeMbIM ()EHOTHIIOM U 00J1a-
JAI0T PUCKOBBIM 3(D(PEKTOM B OTHOILICHUH Pa3-
BHUTHS JAHHOI'O IMATOJIOIMYECKOI0 COCTOSHHS:
AJ/A (rs514921) — AIG (rsl7576) — A/G
(rs2277698) — C/C (rs626750) (OII=3,48,
95%JU 2,17-5,57) u A/A (rs514921) — AIG
(rs17576) — G/G (rs2277698) — C/T (rs626750)
(OI1I=3,26, 95%1U1 2,10-5,07).

Tabnuya 3

Moaeab MEKJITOKYCHOTO B3aNMO/IelicTBHUA l'[O.]'II/IMOp(l)HI)IX BapUAaHTOB I'¢cHOB
MATPHKCHBIX METAJLJIONIPOTEUHA3

Table 3
Interlocus interaction of polymorphic variants of matrix metalloproteinase genes
Monens Bal. Acc. Tr. | Bal. Acc. Test. Se. Sp. Cons. Pre.
MMP9(rs17576)-MMP3(rs626750)-
MMP1(rs514921)-TIMP2(rs2277698) 0.64 0.54 071 ] 058 | 1010 | 061

IMpumeuanue: Tr.Bal.Acc. — TpeHupoBOYHas cOaaHCHpOBaHHAS TOYHOCTD, Test.Bal.Acc. — Tectupyemas cbanancupo-
BaHHasi TOYHOCTh, S€. — YyBCTBHUTEILHOCTD; Sp. — clielin(puuHOCTh, Cons. — MOBTOPSIEMOCTh pe3ylibTaTa, Pre. — TOUHOCTh

MOJCIIN.

Note: Tr.Bal.Acc. — training balanced accuracy, Test.Bal.Acc. — tested balanced accuracy, Se. — sensitivity; Sp. — speci-
ficity, Cons. — repeatability of the result, Pre. — accuracy of the model.

Kpowme Toro, nannas nmporpamMmma mo3Bo-
nsiet octpouts rpad (Puc. 1), koTopslit wito-
CTPHUpPYET XapaKTep U CHITy MEKTEHHBIX B3aUMO-
JEeHCTBUIM MeXTy H3ydaeMbIM (DEHOTHUIIOM H T10-
muMopdHBIMU BapuaHTamu reHoB. [lokazaHo,
4ro Xapakrep B3aumozencTeuid Mexny MBC c

COMYTCTBYIOIIIUM METa00TNIECKIM CHHJPOMOM
u nokycamu reHoB MMP ymepeHHO aHTaroHu-
CTHUECKUI WM aJITUTUBHBIA, P 3TOM OOJTb-
I BKJIAJT B Pa3BUTHE TATOJIOTUU BHOCST MOJIU-
MopdHbIe JOKYCHI 15626750 (2,42% sHTpOINM)
n 152277698 (2,16% sHTpOnuH).



Opuzuﬂaﬂbnaﬂ cmambus
Original article

HayuHble pesysabmamol 6uomeduyuHckux uccaedoganutl. 2024;10(2):206-221

Research Results in Biomedicine. 2024:10(2):206-221 213

MMP3rs626750
2.42%
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0.77%
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Puc. 1. I'pad mexrennsix B3aumoaerictsuit MMP npu paszsutun UBC ¢ comyterByromum metado-
JU4ecKuM cuHapoMoM. [Ipumeuanue: xapakrep B3aumoencTBus mexay MMP npu popmupoBa-
HUHN (I)CHOTI/IHa XapaKTCPU3yeCTCAa IBETOM JIMHUU: CHUHHUU — KOpI/I‘-IHeBBII‘/'I — aJJUTHUBHOC BSaHMOHeﬁ—
CTBUE, 3€JIEHOTO — YMEpPEHHbIN aHTaronn3m. Cusa v HanmpaBJIEHHOCTh B3aUMOICUCTBUS
BBIPAKCHBI B % OHTPOIINHU.

Fig. 1. Graph of MMP intergene interactions in the development of coronary artery disease with
concomitant metabolic syndrome. Note: the nature of the interaction between MMPs during the for-
mation of the phenotype is characterized by the color of the line: blue — brown — additive interac-
tion, green — moderate antagonism. The strength and direction of the interaction
are expressed in % entropy.

[Ipenmnonaraercs, 4YTO KOHILEHTpALUH
LHUPKYJIUPYIOIIUX MOJIEKYJ MOTYT 3aBUCETh OT
TEHOTHUIIOB MOJUMOP(HBIX BapUAaHTOB I'€HOB.
JInst moATBEpKAEHUST JAHHOM THIIOTE3bI MBI
IIPOBENU OLIEHKY 3aBHCHUMOCTH CBIBOPOTOY-
HeIX ypoBHer MMP-1, MMP-3, MMP-9 u
TIMP-2 oT TeHOTHUIIOB BBIOPaHHBIX MOJH-

Mop¢dHbIX BapuanToB. OTHAKO B JAHHOM CITy-
yae accorumanuii ¢ koHmnentparueit MMP, a
TaK)Ke UX HHTUOUTOPOB, B CHIBOPOTKE KPOBU U
TEHOTHIAMU  TOJUMOPGHBIX  BapHaHTOB
MMP1 (rs514921), MMP3 (rs626750), MMP9
(rs17576), TIMP2 (rs2277698) He momnyueHO
(Puc. 2).
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Puc. 2. CoiBopoTtounsie ypoBHu MMP 1 TIMP B 3aBucMMOCTH OT T€HOTHUIIOB.
Fig. 2. Serum levels of MMP and TIMP depending on genotypes.

OOcy:xxnenmne. B pesynbrare npoBeneH-
HOTO HAMH HUCCJIEI0BAaHUSI YCTAHOBIJIEHBI acCO-
UalUKd MOJUMOP(HBIX BapHaHTOB 626750
(MMP3) u rs2277698 (TIMP2) ¢ pa3sutem
UIIEMUYEcKOi 00JIe3HU cep/la C COMyTCTBY-
FOLIUM METa00IMYECKUM CHHIPOMOM, OJTHAKO,
He ObUIO BBISBJICHO 3aBUCUMOCTH CHIBOPOTOY-
HbIX ypoBHe! MMP oT reHoTHIIOB.

PazButue 3a0oneBaHmii cepeyHO-coCy-
JMCTOTO KOHTHHYYMa CJIOXHBIN 1 MHOTOTPaH-
HBIH ITpOLIECC, B KOTOPOM 3a/1€HCTBOBAHbI pa3-
JUYHbIE MAaTO(U3HOIOTHUECKHEe MEXaHU3MBI.
Tak, OTHUM W3 HANPABJICHUWA HCCIENOBAHUN
SIBJIETCS 3YUYEHHE BKJIa/la Pa3jIMuHbIX BUJIOB
MaTPUKCHBIX METAJUIONPOTEHHA3 B MATOTEeHE3
JTaHHBIX 3a0o0seBanuii. Dxcrpeccuss MMP 06-
Hapy’>KMBaeTCsl B HU3KHX KOHIEHTPALHUAX B
IJIa3Me B3pOCiIoro uesoBeka [15], omnHaxo,
IIPU Pa3BUTHH KaKOT'O-JIMOO MATOJIOIMYECKOTO

mpolecca X YpOBEHb CMEIIAETCS B CTOPOHY
yBeau4eHus [6], 4TO 1aeT BO3MOXKHOCThH HC-
MOJIb30BaHUs JAHHBIX MAapKEpPOB B KJIMHHYE-
CKOH ITpaKTHKE.

MMP1 — ren, konupyoomuii 6eI0K UH-
TEPCTULIMATBHON KOJUIAreHa3bl, KOTOpas CIio-
coOcTByeT pacuieruienuto komnaresa I, 11 u 111
THUIIOB, U pacriojararomuiics Ha 11 xpomocome
(chr11:102798499). Ycranosneno, yro MMP-
1 sxcpeccupyetcst pudpobiactamu, XOHIPH-
TaMu, Makpodaramu, IHIOTETUATBHBIMU
KJIETKaMH U octeoOactamu [3], uro oOycias-
JMBAET €€ BOBICYCHHOCTh B MIPOIIECC pa3phbiBa
OJIAIIIKY, pa3BUTHE OCTPOTO KOPOHAPHOTO CHH-
Ipoma, a Takxke nHpapkTa Muokapa. Ha cero-
THSTTHANA JCHb, TS TOJTUMOP(HOTO BapHaHTa
rs514921 rena MMP1 e nony4eHo cTaTHCTH-
YECKHU 3HAYMMBIX aCCOIMAIIHH C TIPEIPACIIONO-
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JKeHHOCThI0 K pa3pututo UBC, HO ycTaHOB-
JIeHa B3aUMOCBSI3b C Pa3BUTHUEM AHEBPU3MBbI
rpyHoro otaena aoptsl [16, 17]. B namem uc-
CJIEOBAaHUM CPAaBHUTEJIbHBIN aHAJIN3 HE MTOKa-
3aJ1 B3aMMOCBSI3HM JAaHHOTO MOJIMMOp(HOro Ba-
puanTa c pazsutueM MBC ¢ conmyTcTByromum
MeTaboIMYECKUM CHHIPOMOM, a TaK)Ke HE BbI-
SIBUJIM CTaTUCTHUYECKON 3HAYMMOCTH JAHHOTO
MOTUMOpP(H3Ma ¢ CBIBOPOTOUYHBIMU YPOBHIMHU
nupkyupyromen MMP-1.

MMP3 — Bxoaut B knactep renoB MMP
u pacnoyaraercs Ha 11 xpomocome (11q22.3.)
U KOIUpYyeT (epMEeHT, KOTOPBIA pacCIIeIuIsIeT
(GuOpPOHEKTHH, TAMUHHH, a TAaKXKe KOJIJIareHsbI
III, IV, IX u X tunos [18]. bonee Toro, moka-
3aHo, ytro MMP3 cnocoOHa aKTHMBUPOBATH
npyrue MMP, takue kak MMP-1 u sBnsiercs
BaYKHBIM PETYJIATOPOM MPOIIECCOB PEMOACIH-
poBanus [ 19]. Kpome Toro, HEOTHOKPATHO OT-
MEYEHO, UTOo yBenuueHue sxcnpeccuu MMP-3
MOKET OBITH OJIHOM M3 MPUYMH pa3phiBa are-
POCKJIEPOTUYECKON OJISIIKH, YTO MPUBOJIUT K
3aKynopke KopoHapHbix aprepuil [20]. Ilo
JaHHBIM JHUTEpaTyphl, noaumoppusm MMP3
BIIUSIET Ha KOHLIEHTPALMIO IIUPKYIUPYIOLIETO
MMP-3, a Tak:xe TPUBOJUT K MIPOTPECCUPOBA-
HUIO aTepOCKJIepO3a M HAKOIUJICHUIO KOJlla-
reHa BO BHEKJIETOYHOM Mmartpukce [21]. s
M3y4aeMOro HaMu aJUIeJIbHOTO BapHaHTa
rs626750 B 6aze nanubix GWAS mokazaHa ac-
cormanmst ayutenst G ¢ pa3BUTHEM XpOHWYE-
CKOMl OOCTPYKTHBHOW OONE€3HU JNerkux [22,
23]. Hapsnay c atum, Takxe ['oHuapoBoii u co-
aBTOpPAMHU YCTaHOBJIEHO, YTO MOIMMOP(U3MBI
rs626750 (MMP3/MMP12) u accouuupo-
BaHbl ¢ UbC u UM, uTo Takxke cormnacyercs ¢
MOJTy4YE€HHBIMU HAMU JaHHBIMH [24].

I'en MMP9 pacnonaraercst Ha XpoMo-
come 20q12.2-13.1 u conepxut 13 3k30HOB H
12 wuntpoHoB. [lomumopdHbIii  BapHaHT
rs17576 pacnonaraercss B 6 3K30He, MyTarus
MIPUBOJIUT K 3aMEHE arpreHrHa Ha TIyTaMuH,
YTO MOXKET MPUBOJIUTH K U3MEHEHUIO aKTHBHO-
ctu ¢epmenta [4]. CTOUT OTMETUTH, 4YTO
MMP9 sBrsiercst Hanbonee U3ydeHHON MoJie-
KyJnoii u3 Bcero cemerictBa MMP B koHTekcTe
3a00JIeBaHUN CEPJICYHO-COCYIUCTOTO KOHTHU-
HyyMa. J[locTynHble JUTEpAaTypHbIE HCTOY-
HUKHA COOOMIAIOT O JOCTaTOUYHOM KOJINYECTBE
IIPOBEJICHHBIX HCCIIEOBaHUM, MOCBAIIEHHBIX

U3YYEHHIO B3aUMOCBSI3U NOJUMOP(HBIX Bapu-
antoB rera MMP9 u nipeipacnonoxeHHOCTH K
pazBututo UBC, ogHako, Bce OHM HOCST MPO-
TUBOpPEUYMBBIA Xapakrep [25, 26]. Tak, nmoka-
3aHO yBenuueHue kKoHreHrpauua MMP-9 B cbi-
Bopotke nauueHtoB ¢ MbC no cpaBHeHuto ¢
3I0POBBIMHU JOOPOBOJIBIIAMH, KPOME TOTO, MPO-
JIEMOHCTPUPOBaHbl 0o0Jiee BBICOKHE YPOBHHU
MMP-9 u MMP-3 y natiueHToB ¢ MHOTOCOCY AU~
cThIM nopaxkeHueM [27]. C oiHOM CTOPOHBIL, P
HCCIIEIOBAHUM JIEMOHCTPUPYIOT, YTO aJUIENb-
HBIM BapuaHt 'S17576 accouuupoBaH ¢ pa3BU-
THUEM HEOJIarONPHUSATHBIX CEPICUHO-COCYAUCTHIX
coObITuit [15, 28]. OgHaKO, YaCTh UMEHOIIMXCS
UCCJIEIOBaHUN, CBUJETENBCTBYIOT 00 OTCYT-
CTBUHM aCCOIMAIMI JaHHOTO MOIUMOpdH3Ma C
NPEPaCHoIOKEHHOCThIO K pa3ButHio HWBC
[29]. B npoBeicHHOM HaMU UCCIIEIOBAaHUHM Mbl
HE ITOJTyYIITH KaKUX-JTHOO aCCOIMATUBHBIX CBSI-
3eil MEeXAy T'€HOTHIIaMH MOJIMMOP(HOro Bapu-
aHra Is17576 u popmupoBaHrEM I1OBEPKEHHO-
ctu K pazsuturo UbC.

UssectHO, uTro TIMP-2 saBusgercs ecre-
CTBEHHBIM 3HJIOT€HHBIM UHrHOuTopom MMP-
2, B BSI3U C 4YeM MHOTHE (U3UOJIOTUYECKUE U
naTo(pU3NOTOTUYECKHE MPOLIECCHl HAMPSIMYIO
3aBUCAT OT uX G6ananca [30]. OnHOHYKIICOTHI-
HbIe 3aMeHbI B TeHe TIMP2, kotpsrii pacmosno-
K€H Ha xpomocome 17q25, MoryT npuBOAUTh
K TOBBIIICHUIO WIM CHH)XXEHHIO aKTUBHOCTHU
TIMP-2 u BmocnenctBuM Hapymias OanxaHc
MeX 1y uX aktuBHOCTHIO [31]. Kpome Toro, mo-
kazaHo, 4ro TIMP-2 cmocoOeH BBI3BEIBATH
OCTaHOBKY KjeTouHoro nukia [32]. Ha cero-
MHSIIHAN eHb naHHble o Bkiaaze 1IMP-2 B
pa3BUTHE MAaTOJOTUU CEPACUYHO-COCYIUCTOMN
CUCTEMBI B OOJNBIIMHCTBE CIy4aeB SBISIOTCA
SKCTIEPUMEHTAIBHBIMA M COCPEIOTOYEHBI B
Oonplliell Mepe Ha TaTOPU3UOJOTHU aTepo-
ckiJiepo3a. B uccienoBaHun Ha SKCHEpUMEH-
TaJbHBIX )KUBOTHBIX (MK TIMP2 (-/-)) mpo-
JEMOHCTPUPOBAHO CHIKEHHE 3KCIPECCUU
MMP2 u yBenuueHne aHTHAaHTMOT€HHBIX (paK-
TOPOB, YTO B MOCJEACTBUU IPHUBEIO K aHO-
MaJbHOMY PEMOJIEIUPOBAHUIO JKETYJOUKOB U
TSKEJION cepAeuHoM HepoctarouHoctu [33].
Hamu BbIsIBIIEHO, YTO MTPU HOCUTEIBCTBE T€HO-
tuna A/G rs2277698 TIMP2 ysennuuBaercs
puck pazsutus BC ¢ comyTcTByrommm Mera-
OonuyeckMM CHHApoMoM B 2,6 paza. s
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nonumopdu3ma rs2277698 mokazaHbl accoIu-
alMi C pakoM MOJIOYHOW xene3nl [31] u
puckom pazsutust UbC u UM [24].

Hacrosimee nccienoBanne uMeeT HEKO-
TOpble orpaHuueHus. Tak, B MpeacTaBIeHHON
paboTe n3ydeHa BapuabeIbLHOCTh BCEro 5 1o-
JTUMOP(HBIX BapuaHTOB 4 T€HOB MAaTPUKCHBIX
METAJJIONPOTEHUHA3, & TAKXKE HE paccMaTpUBa-
JUCHh MHBIE (PaKTOpa PUCKA CBS3aHHBIE C pa3-
BUTHEM JAHHOTO TNAaTOJOTHYECKOrO COCTOS-
Hus. Bcee Bbllllecka3aHHOE CBUJIETENIBCTBYET O
HEOOXOUMOCTH TIPOBEACHUS JaTbHEHIINX
HCCIIEJOBaHUI.

3akuouenue. Takum 0Opazom, poBe-
NEHHOE HCCIIEIOBAHKUE TO3BOJIIIO BBISIBUTH
aCCOITMAIH MTOJIMMOP(HBIX BAPHAHTOB I'€HOB
MMP u ux uaruouropoB (rs626750 MMP3 u
rs2277698 TIMP2) c pazsuruem UBC ¢ conyT-
CTBYIOIIIUM METa0OJIMYECKUM CHHIPOMOM.
BrlsiBIIeHa 4eTHIPEXJIOKYCHASI MOJICI]Tb B3aHUMO-
nericteuii resos  MMP9, MMP3, MMP1,
TIMP2, accoruupoBanHasi ¢ u3ydyaeMbIM (e-
HOTHIIOM.
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I'enernyeckuii Bapuanrt rs11568818
MATPUKCHOM METAJUIONPOTENHA3HI 7
ACCOUMPOBAH C BECOM HOBOPOK/ICHHOIO
y OepeMEeHHBIX € 3a/1ePKKOil pocTa Imjioaa

I0.H. Pemrernuxkosa 0, U.B. Ilonomapenko 7, B.. UypHocos =,
M.C. Ilonomapenko , E.A. PemieTHUKOB

denepanbHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHNE BBICIIIETO 00pa30BaHUS
«benropoickuii TOCYJapCTBEHHBIN HAIIMOHAIBHBIA UCCIICIOBATEIBCKII YHUBEPCUTETY,
yi. [To6enst, a. 85, r. bearopox, 308015, Poccuiickas @enepanms
Aemop ons nepenucku: E.A. Pewwemnukos (reshetnikov@bsu.edu.ru)

Pesrome

AKTyaJabHOCTB: 3aaepxka pocrta miona (3PII) sBisercs pacipocTpaHEHHBIM OCIIOKHEHUEM Oepe-
MEHHOCTH, 4acTora Kotoporo nocturaer 10% Bo Bcem mupe. 3PII sBisercs 0CHOBHOM MpUUMHOMN
MEPTBOPOXKIACHUN W HEOHATAILHOM 3a00JIEBaEMOCTH U CMEPTHOCTH, a JIOJITOCPOYHBIE TTOCIIEICTBUS
3PII cBs13aHbl ¢ O0sIee YaCTOM BCTPEUAEMOCThIO CEPICUHO-COCYAUCTBIX M META00IMYECKHX 3a0071e-
BaHM BO B3pocioM Bo3pacte. Llesan ucciaenoBanusi: M3yunts acconumanuu noaduMoppusmMa reHoB
MaTPUKCHBIX METAJIIONIPOTENHA3 C BECOM HOBOPOXKJICHHBIX Y O€pEeMEHHBIX C 3a/Iep>KKOi pocTa rioaa
U OLIEHUTHh UX (QyHKUMOHaNbHBIE 3¢ dexTsl. MaTepuajbl U MeToabl: Ha BeIOOpKE OepeMEHHBIX C
3aJIepKKON pocTa miojaa (n=98) mpoBeAeHO MOJIEKYIIPHO-TEHETHUECKOE UCCIIeI0BaHHUE TISTH MOJTH-
MOpP(HBIX JIOKYCOB T€HOB MAaTPUKCHBIX MeTaiuionpoTenHas (rs1799750 MMP-1, rs243865 MMP-2,
rs3025058 MMP-3, rs11568818 MMP-7, rs17577 MMP-9). Pe3yabTaTbl: YCTaHOBIICHBI acCOIHA-
1y nomumopdusma rs11568818 rena MMP-7 ¢ BecoM HOBOPOKIEHHOTO y KEHIIMH C 3aJIepKKON
pocra mioaa B pamkax pereccuBHoi moaenu (f = 0,32+0,13, p=0,016 pperm=0,022). lanubIit I0TH-
MoOpGHBIHN JIOKYC 00J1afiaeT BaXKHBIMU (YHKIIMOHATBHBIMU 3¢ dekramu. OH JIOKaTU3yeTcsl B pernoHe
runepuysctBuTenbHocTU K JJHKasze u caiite MonnduurpoBaHHbIX THCTOHOB, MAPKUPYIOLINX SHXaH-
Cepbl U IPOMOTOPBI B ME3EHXUMAJIbHBIX U TEMOIMO3TUYECKUX CTBOJIOBBIX KJIETKAX, KJIETKaX 0CTe00-
JIACTOB, AMIIOIMTOB, KIETOYHOW JTHHUU (PUOPOOIACTOB JIETKHUX, PA3IIMYHBIX OTAEJIOB TOJOBHOTO
MO3ra, JErKuX U Ap., onpenenser dyBcTBUTeNbHOCTh JIHK K ueThipeM (axTopaM TpaHCKpUIIMU
(Foxa, GR, PLZF, Pou5f1), cBa3an ¢ ypoBaem 3kcnpeccun MPHK rena MMP-7 B nerkux, medyenu,
CKeJIeTHOU Myckynarype. 3akaodenue: [Tomumopdusm rs11568818 rena MMP-7 acconuupoBas ¢
BECOM HOBOPOJXKJICHHOTO Y JKEHIIWH C 33JIEPKKOH POCTa TIIOAA.

KiroueBble ciioBa: 3a7epkka pocTa IJ10/1a; OHOHYKICOTHIHBINA MOJIUMOP(HU3M; MAaTPUKCHBIE Me-
taymonpoTtenHasbl; MMP-7; accormariui; Bec HOBOPOKIEHHOTO

Just uutupoBanus: PemernnkoBa IOH, ITonomapenko UB, UyprnocoB BU, u np. I'enernueckuit
BapuaHT 1511568818 maTpukcHON MeTaIIONPOTENHA3bl 7 ACCOLIMUPOBAH C BECOM HOBOPOXJIEHHOTO
y 6epeMeHHBIX C 3aJepKKoi pocTa mioaa. Hayunsle pe3ynbTaTbl OMOMEAMIIMHCKUX UCCIIeI0BaHUM.
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Abstract

Background: Fetal growth restriction is a common complication of pregnancy that has been associ-
ated with a variety of adverse perinatal outcomes. The condition carries significant risks of neonatal
mortality, major and minor morbidity, and long term health sequelae. The aim of the study: The aim
of the study was to study the associations of matrix metalloproteinases gene polymorphism with new-
born weight in pregnant women with fetal growth restriction and to evaluate their functional effects.
Materials and methods: 98 cases of women with fetal growth restriction were selected as the exper-
imental group. All pregnant women were performed genotyping of 5 SNPs of genes of matrix metal-
loproteinase (rs1799750 MMP-1, rs243865 MMP-2, rs3025058 MMP-3, rs11568818 MMP-7,
rs17577 MMP-9). Results: We found associations of the rs11568818 polymorphism of the MMP-7
gene with newborn weight in women with fetal growth restriction within a recessive model (B =
0.32+0.13, p=0.016 pperm=0.022). This polymorphic locus possesses important functional effects. It
is localized in an evolutionarily conserved region, a binding site for regulatory proteins (TBP, CFOS,
CJUN), a region of DNase hypersensitivity, and a site of modified histones marking enhancers and
promoters in mesenchymal and hematopoietic stem cells, osteoblast cells, adipocytes, and fibroblast
cell line lungs, various parts of the brain, lungs, etc., determines the sensitivity of DNA to four tran-
scription factors (Foxa, GR, PLZF, Pou5f1), is associated with the level of mMRNA expression of the
MMP-7 gene in the lungs, liver, and skeletal muscles. Conclusion: The rs11568818 polymorphism
of the MMP-7 gene is associated with a newborn weight.

Keywords: fetal growth restriction; single-nucleotide polymorphism; matrix metalloproteinase;
MMP-7; associations; newborn weight
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BBenenne. AHTponoMeTpHUYECKHE Xa-
PaKTEPUCTHKH TUI0JIA SBJISIOTCS] BAXKHBIM TTOKa-
3aTeseM Mcxo/1a 0EpeMEHHOCTH 1 HalpsIMYIO 3a-
BUCSIT OT HOPMAJILHOT'O Mpoliecca TUIalleHTaluu
[1]. Hapymenue pa3BuTus IUTalEHTH Oyaer
MIPUBOJUTD K IJIAIIEHTAPHON HEJOCTaTOYHOCTU
Y Pa3BUTHUIO TAKUX OCJIOKHEHUI OEpEeMEHHOCTH,

Kak 3ajIepyKKa pocTa IUI0/1a U MpesKiIamIicus [2,
3, 4]. 3agepxka pocra rioza (3PIT) Bo3Hukaer,
KOT/Ia IUTOJT HE IOCTUTAET CBOETO BHYTPUYTPOO-
HOTO TIOTEHIIHAJIa POCTa B pe3ysibTare Hapylle-
HUsI (QYHKIUH TUTAIICHTHI, TP 3TOM €T0 pa3Mep
<10-ro mpomeHTHIS JUTS JAHHOTO CPOKa TecTa-
muu [1]. 3PII sBaseTcst pacnpocTpaHEHHBIM
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OCJIO)KHEHUEM OEpeMEeHHOCTH C 4YacTOTOM
BcTpeyaemoctu 10 10% Bo Bcem mupe [5]. OTo
COCTOSIHME CONPSDKEHO CO 3HAYUTENbHBIMU
pUCKaMU HEOHATaJbHOW 3a00JIeBa€MOCTH U
CMEPTHOCTH, U SIBJISICTCSI OCHOBHOM MPUYUHOM
MepTBopoxaeHu [5]. onarocpounsie 1o-
cienctBust 3PI1 s 3m0poBhs CBsI3aHEI ¢ 00-
JIe€ 4YacTOW BCTPEUAEMOCTBIO CEPAECUHO-COCY-
IUCTBIX U MeTa00IMYeCKUX 3a00JIeBaHUN BO
B3pOCIIOM Bo3pacTe [6].

[Tarorene3 3PII ciioxeH u cBsi3aH ¢ BIU-
SSHUEM DPa3JN4YHbIX (PaKTOpOB (MATEpUHCKUX;
IUIAlleHTapHBIX; BHYTPUYTPOOHBIX) [ 7], moce-
JOBATE€IbHO TMPHUBOJALIMX K aHOMAJIbHOM
TpaHcopMaIi CIUPATbHBIX apTEePHid, Hapy-
LIEHUIO TUIALEHTAlK, Pa3BUTHIO ILIALlEHTap-
Hoi HepoctaTtounoctH U 3PII [8]. Tem He Me-
Hee, KOHKPETHbIE MEXaHW3Mbl, UHUIMHPYIO-
LI1€ WIK 3allyCKAaOI1e 3TOT NaTOJOTUYECKHI
rpoiiecc, eme 10 KOHIIa He U3y4eHsl [§].

B nmporieccbl m”HBa3UKM BHEBOPCHHYATOTO
Tpoobiiacta B CTEHKY CIHUPANbHBIX apTepuit
BOBJICUEHBI MATPUKCHBIE METAJIIONPOTEUHA3HI
(MMII) — ocobas rpynma 3HIOTEHHBIX IPO-
TEOJIMTUYECKUX THUAPONa3, KOTOpbIE MOTYT
paspylaTh pa3iIUyHble KOMIIOHEHTHI BHEKJIE-
ToyHoro Marpukca [9]. Jannas rpynmna dep-
MEHTOB UT'PAeT PELIaoNIyI0 poJib B poaude-
panuu, Murpauu U JuQepeHurupoBKe Kie-
TOK, BOCCTaHOBJIEHUM U PEMOJEITUPOBAHUU
TKaHel, smOpuorenese [10, 11]. M3menenue
MJIa3MEHHOM KOHILIEHTPALlUU W/WUIH  YPOBHS
skcnpeccun MMII MoryT npuBOIUTE K CHU-
KEHHUI0O HHBA3MBHOM CIOCOOHOCTH KJIETOK
TpodoObnacra, OTIOKEHUIO KOJJIareHa, Heslo-
CTaTOYHOMY PEMOJEITUPOBAHUIO CIIMPAIbHBIX
apTepHil, MILIEMUU U TMIIOKCHUU IJIAIEHTHI, U,
KaK CIIEJICTBUE, SBIATHCA (DAaKTOPOM pHCKa
passutus 3PIT [12-18].

MosnekynsipHO-TeHETHUYECKHE HCCIIe10-
BaHU 10 MOMCKY acCOLUAINi monuMoppusmMa
I€HOB MAaTPUKCHBIX METAJJIONPOTEHUHA3 C 3a-
JIep>KKOU pocTa IJ10/]1a U/ WX BECOM HOBOPOXK-
JICHHOTO OBbUIM MPOBEAEHBl OTHOCHUTEIHHO
JAaBHO M KOJIMYECTBO TAKUX MCCIIEAOBaHUMN
orpanuyeHo [19, 20]. AktyanbHble paOOTHI 110
M3y4YEeHHUIO posiu nosmmopdusma reios MMII B
Pa3BUTUHN OCIOKHEHUH OEpeMEHHOCTH MOCBS-
IIEHbl B OCHOBHOM H3YYEHHIO TPEIKIIAMIICHH B
pa3UuHBIX MOMyJsAmuax mupa [21, 22, 23].
HenocrarouHoCTh MOJIEKYIISIPHO-TEHETHUECKUX
MCCJIEIOBAHUI 110 OLIEHKE POJIHM OJIMMOphH3Ma

renoB MMII B hopMupoBaHny Beca HOBOPOXK-
JICHHOTO JMUKTYeT HEOOXOAWMOCTh JlalIbHEM-
IIEro MMPOBEICHUSI TAKUX padoT.

Heab nccaenopanus. M3yuuts B3aumo-
CBSI3M NMONUMOpP(H3Ma FreHOB MATPUKCHBIX Me-
TaJUIONPOTENHA3 C BECOM HOBOPOXKJIEHHBIX Y
OepeMEeHHBIX C 3aJIepKKOU pocTa IUIo/a B TO-
nynsuuu  LlenTpansHo-YepHO3eMHOTrO peru-
ona Poccun.

Marepnanbl M MeTOAbI HCCJIEIO0BA-
Hud. B 510 uccienosanue ObUIN BKIIFOYEHEI 98
OepeMEeHHBIX C CHHAPOMOM 3aJIepPKKH pOCTa
1072, MPOXOAUBIIHUE 0OCieoBaHNe Ha 0ase
[TepunaransHoro neHtpa benropoxackoi 00-
JACTHOM KIMHUYECKOW OonpHUIIEI (C 2008 1o
2015 rox). Bee »xeHIMHBI IPEAOCTaBUIM UH-
(bopMHpOBaHHOE COTJIACHE HAa BKIIIOYCHHE B
uccienoBanve. KoMurer no 3Tuke MeIuIuH-
ckoro uncruryra HUY benl'VY onobpun au-
3aiiH 3Toro ucciuenosanus. Ilpu Gopmuposa-
HUU BBIOOPKM HCIIOJIB30BAIUCH CJEAYIOIIHIE
KPUTEPUU BKIIIOUEHUS: MECTO POXKICHHS H
npoxuBanus — lleHTpanbHO-UYepHO3eMHBI
peruoH Poccum; pycckas HaIMOHAIBHOCTH;
olHOMOJNasi OepeMEHHOCTb, 3aKOHYMBIIASICS
KUBOpOXKIeHUEM. K KpUTEpHSIM HUCKITIOUCHUS
OTHOCWJIM: MHOTOIUIOAHAsE OepeMEeHHOCTb,
BpPOKJCHHbIE TIOPKU pa3BUTHUS IUIOAA/HOBO-
POXXIEHHOTO, BPOXKJACHHbIE AaHOMAJIUHA MAaTKHU.
Huarnoctuka 3PII mpoBoamiace Ha OCHOBa-
HUM YJIbTPa3ByKoBOH (heTomeTpuu (onpenene-
HUE OKPYKHOCTH >KUBOTA IJI0]1a, OKPY>KHOCTH
TOJIOBBI, OMTIApUETANBHOTO JUAMETPa U JITTMHBI
OenpenHoi miedeBoit koctH). [Ipeamonarae-
MBIii BEC MI0/1a ObLT pacCUMTaH C UCTIOTIb30Ba-
HueM ¢opmynsl Hadlock. 3PII ompenensnu
Kak Maccy ioaa <10-ro npoueHTuiIs cpeHen
Macchl HOPMaJIbHOTO IUIO/A TOTO e TecTalu-
OHHOT'O BO3pacTa.

Jlis  MOJIeKyJISIpHO-TEHETUYECKOTO Te-
CTHPOBaHUS OBUIO OTOOPAaHO 5 OAHOHYKJIEO-
TUIHBIX MONMUMOp(H3Ma T€HOB MAaTPHUKCHBIX
Metamonporennas:  rs1799750  MMP-1,
rs243865 MMP-2, rs3025058 MMP-3,
rs11568818 MMP-7, rs17577 MMP-9. lan-
HbIE JIOKYCHI SIBJSIOTCS (DYHKLIHOHAJIBHO 3HA-
YUMBIMH, T.K. CBS3aHBI C AIUTCHETHYCCKUMHU
M3MEHEHUSMH W TPAHCKPHUIIIUEH B COOTBET-
CTBYIOIIIUX T'eHax (JAaHHbIC MOJy4eHsl in Silico
C MOMOIIIBI0 OHNIalH pecypca Haploreg v.4.2,
https://pubs.broadinstitute.org/mammals/hapl
oreg/haploreg.php).
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OxcrparupoBanre JHK wu3 BeHo3HOM
KPOBHU MPOBOAMIOCH CTaHIAPTHBIM METOJIOM
benon-xmopopopmMHOit dKcTpakiuu. ['eHoTH-
nupoBanue JIHK-06pa3noB nmpoBoamiiocs Me-
toaom IIIIP-cuaTe3a [JTHK ¢ ucnonp3oBanuem
OJIMTOHYKJIEOTUAHBIX IpaiiMepoB u TagMan
30H]I0B METO/IOM JUCKPUMUHAIIUY aJlJIeei.

Accounanuu Mexay SNP opranusma
MaTepu U BECOM HOBOPOXKJICHHOTO OIEHUBA-
JIUCh METOJIOM JIOT-JTMHEHHOTO PEerpecCuoH-
HOTrO aHayin3a (KCIOIB30BAJICS IMAKET Mpo-
rpamm gPLink) [24]. Tak kak pacrpezeieHue
BECa HOBOPOJXKJIEHHOT'O HE OBLJI0O HOPMaJIbHBIM
(xputepuii lllanupo-Yuika), UCIOIB30BATHCH
ero TpaHcHOpMHUPOBAHHBIC 3HAYCHHUSI.
HanpaBrneHHOCTh accolMaTUBHON CBSI3U Olle-
HUBajach NpU THoMoInu Ko3dduumenra pe-
rpeccun () u ero ommbku (SE) (omuceiBatoT
W3MEHEHHEe TpaHC(HOPMUPOBAHHOTO IIOKa3a-
TeJisl Beca HOBOPOXKIEHHOTO Ha MUHOPHBIN aJi-
nenb). st oeHKN MHANBUAYANbHBIX Y deK-
ToB SNP HCnonn30BalnCh ajlielibHAs, ajjIu-
THUBHAsA, JOMUHAHTHAs U PELIECCUBHAs T€HETHU-
YEeCKUE MOJIENIU C KOPpEeKIHed Ha KOBapHUAThI
(Bo3pact, UMT matepu 10 G€peMEHHOCTH) U
MHO>KE€CTBEHHBIE CPaBHEHUS (UCIOIb30BAINCh
aJanTUBHBIE MEPMYTAIMOHHBIE TTPOLIETYPHI C

pacdeToM IOKa3aTels pPperm). B KOHEUHOM
WTOTre, OKa3aTesb Pperm<0,05 mpuHUMAacs 3a
CTaTHUCTUYECKU 3HAYNMBIN.

SNP, moxa3zaBmme 3HaYMMEIE accoIya-
IIUU C BECOM HOBOPOXKJICHHOTO, OIICHUBAJINCH
Ha UX CBSI3b C HECCHHOHUMHYECKUMHU 3aMEHaMU
(PolyPhen-2,
http://genetics.bwh.harvard.edu/pph2/), snu-
renetndeckumu  dpdexkramu  (HaploReg
(v4.2),
https://pubs.broadinstitute.org/mammals/hapl
oreg/haploreg.php), axcnpeccueit u anprepHa-
TUBHBIM craiicuarom reHoB (GTEx portal,
https://www.gtexportal.org/home/).

Pe3yabTaThl U UX 00Cy:KIeHHe. YCTa-
HOBJICHBI accoluanuu nonumophuzma
rs11568818 rena MaTpuKCHON MeTAJIONPOTE-
uHasel 7 (MMP-7) ¢ BecoM HOBOPOXKIEHHOTO
y xeHuuH ¢ 3PII B paMkax perieccuBHON Mo-
nenu (Taba. 1). BeisiBieHo, 4TO MUHOPHBIN ajl-
aens C rs11568818 MMP-7 cratuctuyecku
JIOCTOBEPHO CBsI3aH C 0oJiee BBICOKUM BECOM
HoBOopoxaeHHoro (B = 0,32+0,13, p=0,016
Pperm=0,022). CooTBeTCTBEHHO, pedepeHCHBII
amnensd T rs11568818 MMP-7 Gynet accoruu-
poBaH ¢ 0oJiee HU3KOM Maccoi Tena HOBOPOXK-
JICHHOTO.

Tabauya 1 (nauano)

Accouuanuu noJMMoOp(QHBIX JIOKYCOB FeHOB METAJLJIONPOTENHA3
€ BECOM HOBOPOKAECHHOI0 Y 0epeMeHHBIX € 32/IePKKO0il pocTa 1mioga

Beginning of Table 1

Association of metalloproteinase genes polymorphisms with newborn body weight in pregnant
women with fetal growth restriction

Homopun R N—— \ o Bec nHoBoposkaennoro
P (reHeTHYeCKHE MO/IeJIH) ° X +SD, rpaMmbl
1G/1G 20 20,83 2683,44+ 128,15
1G/2G 44 45,83 2684,43+147,83
2G/2G 32 33,33 2712,50+76,77
MuHopHbIi amtens 2G _ _
151799750 (annenpHas MoJEIb) p+SE = 0,06+0,08, p=0,45
MMP-1 1G/1G vs. 1G/2GM\(’)Z£S)/ZG (anmuTBHas B+SE = 0,05+0,08, p=0,48
1G/1G vs. 1G/2GM2}12€?T§)G (moMuHAHTHAsT BSE = 0,09:0,12, p=0,46
1G/1G + 1G/2G vs. 2G/2G _ -
(peLieccuBHas MOJIEND) pSE =0,05+0,13, p=0,69
CIC 54 55,10 2681,20+137,49
rs243865 C/T 35 35,71 2706,86+119,40
MMP-2 T/T 9 9,19 2684,44+115,23
MunopHnsit annens T
(anneibﬂas{ MOJIETIb) P+SE = 0,08+0,098, p=0,34
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Tabauya 1 (okonuanue)
ACCOIII/IaIII/II/I HOJII/IMOP(])HLIX JIOKYCOB I'€eHOB METAJJIOIIPOTEHHA3
¢ BECOM HOBOPO:KIEHHOI0 y OepeMeHHbIX € 3a/1eP:KKOil pocTa mioaa
End of Table 1
Association of metalloproteinase genes polymorphisms with newborn body weight in pregnant
women with fetal growth restriction

TeHOTHIIBI o Bec_ HOBOPOKICHHOI'0
Homumopduszm N Yo X
(reHeTHYeCKHE MOJIEJIH) +SD, rpaMmbl

C/C vs. C/T vs. T/T (annuTuBHAs MO-
JIeJIb)
C/Cvs. C/T + T/T (nomuHaHTHast MO-
JIeJIb)
C/C+C/Tvs. T/T
(pelieccuBHAsI MOJIENb)

B+SE = 0,08+0,08, p=0,35

B£SE = 0,120,11, p=0,28

B+SE = 0,05+0,19, p=0,79

6A/6A 29 29,59 2691,72+120,51
6A/5A 51 52,04 2688,14+£143,58
5A/5A 18 18,37 2696,11499,71
MuHOpHSIH amens SA (annensHas Mo- B+SE = -0,01+0,08, p=0,89
rs3025058 Zeb)
MMP-3 6A/6A VS. 6A/5A vs. SA/5A

(apTuTHUBHAS MOJIEJNb) p+SE = -0.002+0,08, p=0.98

6A/6A vs. 6A/SA + 5A/5A
(IOMUHAHTHASI MOJIEITB)

6A/6A + 6A/5A vs. 5A/5A
(peuieccuBHasi MOJIENb)

B+SE = 0,06+0,12, p=0,64

B+SE = -0,08+0,14, p=0,56

TIT 22 22,45 2698,18+133,90
TIC 54 55,10 2676,20+141,32
C/C 22 22,45 2718,64+82,36

MunopHsIi aniens C
(anmenpHAs MOJIEIIB)
T/T vs. T/C vs. C/C (agauTuBHAS MO-
JIeITB)
T/T vs. T/C + C/C (noMmuHaHTHAs MO-
JIeITB)
T/T +T/Cvs. C/C
(perieccuBHAsT MOZIETIH)

B+SE = 0,05+0,08, p=0,58

rs11568818 MMP-7
B+SE = 0,05+0,09, p=0,53

B+SE =-0,18+0,13, p=0,18

B+SE = 0,32+0,13, p=0,016

GIG 62 63,92 2678,31+139,66
GIA 32 32,99 2705,00+108,51
AIA 3 3,09 2740,00+43,59

MuHopHsIi annens A B+SE = 0,0320,10, p=0,80

1517577 (aynenpHas MOJIETIB)
MMP-9 G/G vs. G/A vs. ;/Jf;)(aﬂﬂI/ITHBHa}I MO- BLSE = 0,0420,10, p=0,74
G/Gvs. G/A + A}/I,:‘HSOMHHaHTHaﬂ MO- BLSE = 0,0540,12, p=0,65

G/G + G/Avs. A/A

(peueccuBHast MOJIETIb)
[Mpumeuanue: B — ko3¢ dUINEHT TUHEHHON perpeccuy (MTOKa3bIBaeT U3MEHEHHE TPaHC(HOPMHUPOBAHHOTO ITOKA3aTEIs
Beca HOBOPOX/ICHHOT'O Ha MHUHOPHBIN ajuteis), SE — ommnbka kosdduirienTa B; p — ypoBeHb CTaTUCTHYECKON 3HAYMMO-
CTH; IOKa3aTcIn p <0,05 BbIJACJICHBI JKUPHBIM; JIAHHBIC Ta6J’II/IIH>I MOJIYUCHBI C TOMOIIBIO JIMHEMHOM perpeccun ¢ y4eTomMm
KOBapuart (BOSpaCT JKCHIIWHBI U €€ HHACKC MAaCChI T€J1a 10 6€peMGHHOCTI/I).
Note: p — linear regression coefficient reflecting the change of the transformed newborn weight index to a minor allele,
SE — the error of the B coefficient; p — significance level; p values <0.05 are shown in bold; the data were obtained by
linear regression; results were obtained after adjustment for covariates — the age of the woman and her body mass index
before pregnancy.

B+SE = -0,06+0,32, p=0,85
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ITo manHbIM OHMAMH pecypca HaploReg
(v4.2) rs11568818 MMP-7 pacrosioeH B 3BO-
JIIOLIMOHHO-KOHCEPBAaTUBHOM PpErvoHe, caiTe
MO (UKAIIMY THCTOHOB, MAPKUPYIOIIUX IIPO-
MOTOPBI M JHXAHCEPhl B TKAHIX W OpraHax
B3pOCJIOr0 Opranu3Ma u 1iojaa (4-7 TkaHeh),
cailTax CBSI3BbIBAHUSI C PETYJSITOPHBIMU Oel-
kamu (TBP, CFOS, CJUN), peruone rurnep-
yyscTtBUTenbHOCTH K JIHKase (Bcero 15 Tka-
HEH, B TOM YKCJIe MEe3eHXUMAaJIbHbIE U TeMOTIO-
ATUYECKUE CTBOJIOBBIC KJIeTKH, ) (Taour. 2). [Tpu
3TOM, oOOpamaer BHUMaHHE, YTO MOJIMMOP-
¢usm rs11568818 MMP-7 nokanw3oBaH B
caiitTe MoauduUKalUd THCTOHOB, MapKHPYIO-
IIUX SHXAHCEPHI U IPOMOTOPBI, B TKAHSIX U Op-
raHax B3pOCJIOr0 OpraHu3Ma U IJI0/a, CBsI3aH-
HBIX C BECOM U POCTOM HOBOPOXKIEHHOIO, a
MMEHHO: ME3EHXMMAJIbHbIE M T'eMOIIO3THYE-
CKHE€ CTBOJIOBBIE KJIETKH, KIJIETKH OCTeobJia-
CTOB, aJIUIOLUTHI, Pa3JIMUHbIE OTJEJIbI [OJIOB-
HOTO MO3Ta, U JIp.

Taxxe rs11568818 MMP-7 nokanuso-
BaH B 00JIaCTH caiiTa CBS3BIBAHUS C YECTHIPHMSI
perymstopasiMu MoTuBamu JIHK (cdhakTopsl
tpanckpunuuu) Foxa, GR, PLZF, Pou5fl.
Pazauma LOD scores amremueit T u C s
Foxa cocrasnser 5,1, ans dpaxkropa GR —-0,8,
g PLZF — 1,4, o Pou5f1 — 3,2, Ucxons us
atoro, ajuresb T rs11568818 MMP-7, cesa3an-
HBIN ¢ 60J1€€ HU3KUM BECOM HOBOPOXK/IEHHOTO,
nosblmaeT apunHocTh K JJHK-MmotuBam Foxa,
PLZF, Pou5f1 u camxkaer appunocTs k ax-
topy GR.

CTOUT OTMETUTh, YTO MOIUMOPHUIM
rs11568818 MMP-7 naxonsTcs B HepaBHOBECHH
no cuemwienuto (r>>0,4) ¢ 5 nomumophHBIMU
MapKepaMu, OTIUYAIOIIUMUCS 3HAYUMBIMU Pe-
TYJIATOpHBIMA S (deKkTamMu: JaHHBIE JIOKYCBHI
HaXoJATCs B 00JIaCTH caifTa CBA3BIBAHUS C pa3-
JMYHBIMU (haKTOpaMu TpaHcKpuniumu (ot 1 1o 7
¢axtopos) (Tabm. 2). [Tomumo storo, rs1943779
MMP-7 nokanu3oBaH B perHOHE TUIIEPUYBCTBU-
tenbHOCTH K JJHKa3e B TKaHsX 1OYeK U B caiTe
MOIU(UKAIMN TUCTOHOB, MapKUPYIOIIUX 3H-
XaHCEpHI B LIETbHON KPOBH.

C nomompro onnaiiH-pecypca GTEx
Portal ycranosneno, uro amutens T rs11568818
MMP-7 cBsizan ¢ 6ojiee HU3KHM YPOBHEM DKC-
npeccur reHa MMP-7 B pa3nuuHbIX opranax u
tkamsax: gerkme  (B=-0,33, p=2,4*10",
pFDR<0,05), meuens (B=-0,48, p=6,1%107,

pFDR<0,05), ckemerHas myckynarypa (p=-
0,15, p=2,2*10%, pFDR<0,05).

B utore, rs11568818 MMP-7, accouuu-
POBaHHBIA C BECOM HOBOPOXKJIEHHOTO, 00Ja-
JAeT BaXHBIMH (DYHKIIMOHAIBHBIMU 3 (DeK-
tamMu. OH JIOKaJIM30BaH B BOJIIOLIMOHHO-KOH-
CEpBATHBHOM pETrMOHE, CAlTE CBSA3BIBAHUA C
perynstopusiMu  Oenkamu  (TBP, CFOS,
CJUN), peruone runepuyyBCTBUTEIBHOCTH K
JIHKas3e, u caiite MOau(pHUINPOBAHHBIX THCTO-
HOB, MapKUPYIOUINX SHXaHCEPHI U IPOMOTOPBI
B ME3CHXHUMAaJIbHBIX U T€MOMOITHYECKHUX CTBO-
JOBBIX  KJIETKaX, KIETKaX OCTeo01acToB,
aIUTIOIUTOB, PA3JIMYHbIX OT/IEJIOB TOJIOBHOTO
MO3ra W JIp., ONpEelesieT YyBCTBUTEIbHOCTD
JHK x detsipeM (axTopaM TpaHCKPUIIIHA
(Foxa, GR, PLZF, Pou5f1), cesi3an ¢ ypoBHEM
skcnpeccun MPHK rena MMP-7 B nerkux, me-
YEHU, CKEJIETHON MYCKYJIaType.

I'en MMP-7 xonupyeTr MaTpuKCHYIO Me-
tamonpotennasy 7 (MMII-7), sBastouryrocs
OJIHUM M3 TpeJCTaBUTeNeH OONBIIOro ceMei-
ctBa nuHK (I1)-3aBUCHMBIX OEIKOBBIX THAPO-
Ja3, KOTOPbIE MOTYT pa3pyliaTh pa3IUYHbIC
KOMIIOHEHTBI BHEKJIETOUHOTO Matrpukca |[9,
25]. MMII BbIpa0aThIBatOTCsl KJIETKaMHU IJIa-
LIEHTHl U MaTKH, BKJItOYass GuOpoOIacTel, HH-
JOTEINalIbHbIE KJIETKH, Makpodaru, riajkue
MHOIUTBl COCYZI0B, JTUMQOLMTHI, Tpodobdia-
CTBI U HeWTpoduisl [9, 25].

MMII-7, Takxke U3BECTHAasE Kak MaTpu-
JU3UH-1, OTHOCHUTCS K TPYIIIE JKEIaTHHA3 U B
OCHOBHOM pa3pyIllaeT HECKOJIbKO THUIIOB KOJI-
narenos (III, IV, V, IX, X, XI ), nporeornu-
KaHbl, (UOPOHEKTHH, 3JaCTUH U Ka3euH [9,
25]. B nepBom TpumMectpe MMII-7 sxcnpeccu-
pyercsa B JeluaAyalbHOM OOO0JIOUKE M TPO-
tdobnacre, a Takwke B NK-KkjneTkax MaTku u
Makpodarax, oOecreuynBasi TakuM 00pa3zom
JATbHEUIINI pOCT U pEMOJICIUPOBAHUE MATKH
u 1ianeHTel [26]. Takke B wucciaeq0BaHUMN
Reister ¢ coaBt. [27] ObLJI0 TOKA3aHO, YTO IKC-
npeccuss MMII-7 Obima cHUXKEHa B KIIETKax
BHEBOPCHHYATOTrO Tpodobiacra y >KEHIIHUH ¢
3PII B coueranun c mnpeskinamncuen. Ilpu
3TOM CTOUTH OTMETHUTh, YTO IO pe3yJbTaTaM
HalIero Hcciae0BaHuu pedepeHCHBIN aienb
T rs11568818 MMP-7, sBnstomuiicst daxro-
POM pHCKa POXKIECHUS MAaJIOBECHBIX JETEH,
TaK)Ke CBSI3aH CO CHI)KEHHUEM YPOBHS dKCIIpec-
cun MPHK B nerkux, neueHu, ckeleTHON My-
ckynatype (no nanasiM GTEx Portal).



OpuzuHa/leaﬂ cmambus
Original article

Pewemnukosa FOH, u dp. 'enemuyeckuil eapuanm rs11568818 ...
Reshetnikova YuN, et al. Genetic variant rs11568818 of matrix ...

228

Tabnuya 2
Peryastopubie d3pdexrn rs11568818 MMP-7 u cuibHo cuemieHHbIX ¢ HUMA SNP (r2>0,40) (moay4ens u3 6a3bl Janabix HaploReg (v4.2)
Table 2
Regulatory effects of rs11568818 MMP-7 and SNPs in high LD (r2>0.40)
Pos LD SiPhy Promoter Enhancer Proteins Motifs dbSNP
Chily SR (Eeine (hg38) (r?) RE | Al cons | histone marks | histone marks DINIASE bound changed | func annot
HNF1, . .
11 rs12285347 MMP7 102525876 0,92 T C TCF4 intronic
11 | rsl1568818 | MMP7 | 102530930 | 1 | T | C 7tissues | 15 tissues | | ory CFOS, | 4 altered
CJUN motifs
11 | rs17098318 | MMP7 | 102532127 | 059 | G | A @ el
motifs
11 rs17881620 MMP7 102532522 0,42 T VDR
11 | rs1943779 MMP7 | 102536460 | 052 | T | C BLD KID 73';3;?
11 rs7934632 MMP7 102541348 0,43 G A CEBPB

IMpumeuanue: Chr — xpomocoma; SNP — onHoHyKIeoTuaHbINH noaumopdusm; Gene — ren; Pos (hg38) — mosunust SNP no ganubiM 6a3sl ganHpix GRCh38; LD — HepaBHOBecue mo
clLemIenno; 12 — koadduuuenta koppensauuu Iupcona; Ref — pedepeHcHsIi annens; Alt — anpTepHaTHBHBIA annens; SiPhy cons — pacnonosxenue SNP B 3BONIOIMOHHO KOHCEPBa-
TUBHOM PETHOHE; 3HaK «+» — pacronoxenue ykazanHoro SNP B nanHoMm pernone; Promoter histone marks — pacnonoxxenne SNP B caiite MoIuQHUIIMPOBAaHHBIX THCTOHOB B ITPOMO-
TopHBIX 00nacTsx; Enhancer histone marks — paconosxenrie SNP B caiite MmoauduInpoBaHHEIX THCTOHOB B 00MacTsX sHXaHcepoB; DNAse — pacnionoxkenue SNP B JIHKaza-rumep-
YyBCTBUTEIBHOM caiite; Proteins bound — pacnonoxenue SNP B caiiTe cBsA3pIBaHUSA ¢ peryisaTopHeiMEu Oemkamu;, Motifs changed — pacnonoskenne SNP B permoHe peryiasTOpHBIX
nocienosarensroctei (JIHK motusoB); dbSNP func annot — nokanu3anus/3uauenue SNP; tissues — tkanu; BLD — kpoBs; KID — nouku; altered motifs — perymstopusiit motus JJHK;
KHUPHBIM pUQTOM BbeneH SNP, accOMMPOBaHHBIN ¢ BECOM HOBOPOX/IEHHOTO.

Note: Chr — chromosome; SNP — single nucleotide polymorphism; Pos (hg38) — SNP position according to the GRCh38 database; LD — linkage disequilibrium; r> — Pearson correlation
coefficient; Ref — reference allele; Alt — alternative allele; SiPhy cons — location of SNP in an evolutionarily conservative region; sign "+" — the location of the specified SNP in this
region; Promoter histone marks — the location of the SNP in the site of modified histones in the promoter regions; Enhancer histone marks — the location of the SNP in the site of
modified histones in the enhancer regions; DNase — location of SNP in the DNase-hypersensitive site; Proteins bound — location of SNP in the binding site with regulatory proteins;
Motifs changed — location of SNP in the region of regulatory sequences (DNA motifs); dbSNP func annot — localization/value of SNP; BLD — blood; KID — kidneys; altered motifs —
regulatory DNA motif; the SNP associated with the weight of the newborn is highlighted in bold.


https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.2.php?query=&id=rs12285347
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.2.php?query=&id=rs11568818
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.2.php?query=&id=rs17098318
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.2.php?query=&id=rs17881620
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.2.php?query=&id=rs1943779
https://pubs.broadinstitute.org/mammals/haploreg/detail_v4.2.php?query=&id=rs7934632
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[To nanHBIM psifa MOJHOTEHOMHBIX U ac-
COLMAaTUBHBIX MCCIEAOBaHUM  amwienb T
rs11568818 MMP-7 Ttaxxke siBisieTcst (akTo-
pPOM pHCKa psijia 3a00JeBaHUM, TAKUX KaK paK
MpeJICTaTeNIbHOM kene3bl [28, 29]; pak meinku
matku [30].

3akiouenue. Takum 00pa3om, ayuieib
T momumopdusma rs11568818 rera MMP-7
SBIIeTCS (DAKTOPOM PHUCKA POKICHHUS HOBO-
POXIEHHBIX ¢ Oosiee HU3KUM BecoM. JlaHHbBIN
noJIMMOp(HBIN  JTOKyCc 0071a/aeT BaKHBIMH
¢dbyukuuoHansHbIMU Y dekTamu. OH JToKaIH-
30BaH B HBOJIIOIIMOHHO-KOHCEPBATHBHOM pe-
THOHE, CaliTe CBSI3BIBAHUSI C PETYJIATOPHBIMHU
oenxamu (TBP, CFOS, CJUN), peruone ru-
nepuyBcTBuTensHocTH K JJHKa3ze, u caiite mo-
TUQPUITUPOBAHHBIX THCTOHOB, MAPKHUPYIOIIUX
SHXAHCEPHl U TPOMOTOPHI B ME3EHXUMATbHBIX
U TEMOIO3TUYECKUX CTBOJIOBBIX KIIETKAX,
KJIETKaX OCTeO00JIacTOB, aJUIOLUTOB, KIETOY-
HOW JuHUM (UOPOOIACTOB JIETKUX, pa3jIHy-
HBIX OT/IEJIOB TOJIOBHOTO MO3Ta, JETKHUX U Jp.,
onpexaensieT wyBcTBUTENbHOCTh JIHK K yeThI-
peM dakropam Ttpanckpuniuu (Foxa, GR,
PLZF, Pou5f1), cBsi3an ¢ ypOBHEM SKCIPECCUU
MPHK rena MMP-7 B nerkux, neueHu, CKeaeT-
HOHM MYCKyJaTrype
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Abstract

Background: Gentamicin induces testicular damage in association with oxidative stress explained
by different mechanisms, including gene expression suppression of some antioxidant enzymes. The
aim of the study: To investigate the potential protective effects of a-lipoic acid against gentamicin-
induced testicular oxidative stress in terms of altered gene expression. Materials and methods: A
parallel experimental study was conducted including fifty adult male albino rats. The animals were
grouped into five. The control group received intraperitoneal NaCl 0.9%, while the other groups re-
ceived 36.5mg/kg/day intraperitoneal gentamicin. Group-1 received gentamicin only, group-2 re-
ceived gentamicin + intraperitoneal a-lipoic acid 100mg/kg/day, group-3 received gentamicin + in-
traperitoneal o-lipoic acid 200mg/kg/day, and group-4 received gentamicin + oral vitamin
E 100mg/kg/day. All treatments were given for 14 days. The animals were euthanized in two halves
on the 15th and 60th days. Testes were immediately removed, frozen, and evaluated for oxidative
stress biomarkers and gene expression of antioxidant enzymes. Results: Gentamicin increased
malondialdehyde by mean difference + standard error of 115.57 + 2.18, decreased total antioxidant
capacity by -9.23 = 0.27, and decreased catalase and superoxide dismutase activities by -1.89 + 0.45
and -11.77 + 2.86, respectively, compared to the control. Additionally, gentamicin downregulated
gene expression of catalase, glutathione peroxidase, and superoxide dismutase. However, adding vit-
amin E or a-lipoic acid cured the oxidative stress and partially to completely upregulated the gene
expression. Conclusion: Reversal of testicular oxidative and gene suppression associated with gen-
tamicin could be achieved with a-lipoic acid co-treatment, which might be applied in human studies.
Keywords: Alpha lipoic acid; Aminoglycosides; Antioxidant genes; Testis
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Introduction. Gentamicin, a widely
used antibiotic to treat many infectious dis-
eases, is a bactericidal broad-spectrum amino-
glycoside [1, 2, 3]. It has been demonstrated
that gentamicin can cause cellular damage in
certain vulnerable organs tissue such as the
kidney, inner ear, and testis [4, 5, 6], which is
influenced by the high hydrophilic nature of
gentamicin that limits its volume of distribu-
tion and makes the molecule highly selective
to specific organs [7]. Oxidative stress has
been accused as one of the main mechanistic
approaches to such damage [8]. Numerous
mechanisms underlying gentamicin-induced
oxidative stress have been reported with in
vitro or in vivo evidence. One mechanism is
mitochondrial pathway-dependent oxidative
stress through increasing the production of mi-
tochondrial reactive oxygen species (ROS)
from the respiratory chain [9]. Another mech-
anism is the peroxidation of phosphoinositide,
a membrane lipid rich in arachidonic acid, by
gentamicin-iron complex, accompanied by ar-
achidonic acid release [10]. The released ara-
chidonic acid also forms an arachidonic acid-
Fe2*-gentamicin ternary complex that reacts
with molecular oxygen or lipid peroxides,
leading to the propagation of arachidonic acid
peroxidation [10]. Other mechanisms include
reduced cellular concentrations of glutathione,
glutathione peroxidase (GPx), superoxide dis-
mutase enzyme (SOD), and catalase enzyme
[11]. The reduced cellular antioxidant enzymes
have been investigated in the context of alter-
ing their gene expressions, and it has been re-
ported that gentamicin reduced the gene ex-
pression of some antioxidant enzymes includ-
ing SOD [11], catalase, and GPx [12]. On the
other hand, gentamicin-induced cellular dam-
age can be also explained by induced endoplas-
mic reticulum stress and hence apoptosis [13].
In the testicular tissues, germ cells are very rich
in polyunsaturated fatty acid and thus become
vulnerable to oxidative stress-related damage
[14]. Additionally, endoplasmic reticulum
stress is correlated with male infertility [15].

Gentamicin treatment was associated with re-
duced reproductive organs’ weight, altered
sperm parameters, disturbed sexual hormone
levels, and abnormal histopathological find-
ings, accompanied by induced testicular oxida-
tive stress [16]. However, many attempts tried
to mitigate these effects using different antiox-
idants including ginger [17], lycopene [6], car-
rot seed [18], melatonin [19], dandelion [20],
a-lipoic acid [21], curcumin and propolis [22],
omega-3-fatty acids [23], vitamin C and E
[24], and selenium [25]. On the other hand, a-
lipoic acid is a powerful exogenous antioxidant
that serves as a coenzyme of the mitochondrial
pyruvate dehydrogenase complex and as a
component of the mitochondrial glycine cleav-
age system [26]. It could prevent testicular ox-
idative stress induced by oxidant agents such
as carbimazole [27]. Additionally, o-lipoic
acid showed promising results in protecting
testicular structure, preserving sperm parame-
ters, and normalizing reproductive hormone
levels when co-administered with gentamicin
[21, 28]. Moreover, a-lipoic acid showed up-
regulation of gene expression of antioxidant
enzymes in diabetic rat kidneys in previous
studies [29, 30]. It was hypothesized that the
protective effect of a-lipoic acid against gen-
tamicin-induced testicular damage is mediated
by the antioxidant effects of a-lipoic acid in-
cluding direct effect and antioxidant enzymes
upregulation. However, the potential protec-
tive effect of alpha-lipoic against altered gene
expression of antioxidant enzymes induced by
gentamicin has been poorly studied.

The aim of the study. To evaluate the
potential protection of a-lipoic acid against
gentamicin-induced testicular oxidative stress.

Materials and Methods

Drug preparation

Gentamicin was obtained as Garamy-
cin® 80 mg/2 ml ampoules manufactured by
Schering-Plough Corporation, Egypt. a-lipoic
acid was obtained as Thiotacid® 300 mg/ 10
ml ampoules manufactured by EVA Pharma-
ceutical Industries, Egypt. Both drugs were



OpueuHaJZbHaﬂ cmambus
Original article

Elsawah HK, et al. Potential protective effect of alpha lipoic acid ... 236

given intraperitoneally with a 25-gauge needle.
Vitamin E was obtained under the generic
name of vitamin E 1000 mg®, Pharco Pharma-
ceuticals. The capsules were evacuated, diluted
with sunflower oil to a final volume of 1 ml per
rat, and administered orally using 18-gauge
soft gavage tubes.

Drug dosing

The double average dose of gentamicin
was used in this study which was calculated as
the following: The therapeutic human dose of
5 mg/kg/day was converted to the equivalent
dose for rats based on the body surface area ra-
tio according to Paget and Barnes method to be
31.5 mg/kg daily [31]. The rat dose was then
calculated as the average dose of 31.5
mg/kg/day (based on body surface area) and
5 mg/kg/day (based on body weight) to be
18.25 mg/kg/day. The double average dose is
36.5 mg/kg/day. Alpha lipoic acid was given in
two different doses; 100 and 200 mg/kg/day
[32, 33], while vitamin E was administered as
100 mg/kg/day [34]. All treatments were given
for 14 days [35].

Animals

Sixty male Wistar rats aged 8 weeks and
weighing 200 + 20 g were obtained from the
Animal House of the Faculty of Veterinary
Medicine, Benha University. The rats were
housed at normal room temperature (25 -
30°C), humidity (40-60%), and 12h/12h light/
dark cycle before use in the experimental pro-
tocols. The animals were fed laboratory for-
mula and tap water ad libitum [36].

Study design

A parallel experimental study was con-
ducted at the Departments of Pharmacology
and Theriogenology, Faculty of Veterinary
Medicine, Benha University. The study was
approved by the ethics committee of the fac-
ulty with an ethical approval number of
BUFVTM-080422. After two weeks of accli-
matization to the diet and house conditions, ten
rats with abnormal testicle size were excluded
based on ultrasound screening. Fifty rats were
randomly assigned to five groups of ten. Rats
in group 1 received gentamicin once daily with
36.5 mg/kg. Rats in groups 2, 3, and 4 received
the same gentamicin dose plus 100 mg/kg a-
lipoic acid (group 2), 200 mg/Kg a-lipoic acid

/day (group 3), and100 mg/kg vitamin E
(group 4). Group 5 served as a control and re-
ceived an intraperitoneal 0.5 ml NaCl 0.9%
once daily. All treatments were administered
from day one to day fourteen. Half of the ani-
mals in each group were euthanized under an-
esthesia using isoflurane anesthesia [37] on the
15" day, while the second half was euthanized
on the 60" day of the treatment.

Testis sampling

Immediately after euthanasia, one testis
from each animal was dissected, weighed, and
divided into two parts. To assay testicular oxi-
dative stress biomarkers, the first part of the
testis was homogenized with a phosphate
buffer solution at pH 7.4 and centrifuged at
1500 xg for 5 minutes at 4 °C [38]. The super-
natant was removed and kept at -20 C till used
in the analysis of oxidative stress biomarkers.
The second part of the testis was immediately
kept at -80 °C to quantify testicular gene ex-
pression of antioxidant enzymes.

Oxidative stress assessment

The separated testicular homogenate was
used to assay the oxidative stress parameters
including malondialdehyde (MDA) concentra-
tion, SOD and Catalase activities, and total an-
tioxidant capacity (TAC) by using commercial
kits from Biodiagnostic, Dokki, Giza, (Catalog
No. TA2513 for TAC, Catalog No. TA2529
for MDA, Catalog No. TA2521 for SOD, Cat-
alog No. TA2517 for catalase). All procedures
were carried out according to the manufactur-
er's instructions [39], in the Central Laboratory
of the faculty.

Gene expression assessment

Total RNA was extracted from the fro-
zen samples using RNeasy® Mini kit (Qiagen)
by adding easy red TRIzol solution to the tis-
sue and following the manufacturer's protocol.
Single-stranded complementary DNA (cDNA)
was synthesized from 1000 ng of total RNA
according to the manufacturer’s protocol of
high-Capacity cDNA Reverse Transcription
Kits (Applied Biosystems®). The RNA quan-
tity was determined using SPECTROstar Nano
(BMG LABTECH®). Real-time polymerase
chain reactions (RT-PCR) were conducted for
each gene of catalase, SOD, and GPx enzymes.
Each PCR reaction consisted of 1.5 pl of
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Iug/ul cDNA, 10 ul SYBR Green PCR Master
Mix (QuantiTect SYBR® Green RT-PCR Kit,
Qiagen), 1 uM of each forward and reverse pri-
mer for each gene [40] (Table 1), and nuclease-
free water to a final volume of 20 pl. Reactions
were then analyzed on an Applied Biosystem®
7500 Fast RT-PCR Detection system under the
following conditions: 95°C for 10 minutes
(holding stage) and 40 cycles of 95°C for 15

seconds (denaturation stage) followed by 60°C
for 1 minute (annealing and extension stage).
Changes in gene expression were calculated
from the obtained cycle threshold (Ct) values
provided by real-time PCR instrumentation us-
ing the comparative CT method to a reference
(housekeeping) gene (B-actin). Gene expres-
sion is expressed as relative mMRNA expression
of catalase, SOD, and GPx to p-actin mRNA.
Table 1

Forward and reverse sequences of primers used in gene expression testing

Primer Forward sequence Reverse sequence
B-actin AGAAGAGCTATGAGCTGCCTGACG CTTCTGCATCCTGTCAGCGATGC
Catalase ACACTTTGACAGAGAGCGGA TTTCACTGCAAACCCACGAG
GPx GACCGACCCCAAGTACATCA GCAGGGCTTCTATATCGGGT
SOD GCGTCATTCACTTCGAGCAG GGTCTCCAACATGCCTCTCT

Note: GPx — glutathione peroxidase; SOD — superoxide dismutase.

Statistical methods

Values are expressed as mean + standard
error (SE), and for effect size as mean differ-
ence (MD) + SE. A one-way analysis of vari-
ance (ANOVA) test was conducted among the
study groups at 0.05 level of significance fol-
lowed by, for a significant F-statistic value,
post hoc Tukey’s test at a Bonferroni adjusted
level of significance. Correlations between en-
zyme activities and gene expression were as-
sessed by Pearson correlation test using corre-
lation coefficient Rho (r) to indicate correla-
tion direction and magnitude at 0.05 level of
significance. Regression-based adjusted R
squared (R?) was used to show how much en-
zyme activity variation could be explained by
its gene expression, and regression coefficient
(beta) was used to quantify the relationship.
Statistical Package for the Social Sciences
(SPSS) v.26 software was used for the required
analysis [41].

Results

Oxidative stress biomarkers

As shown in Table 2, on day 15, rats
treated with gentamicin showed higher MDA
concentration than the control group (MD + SE
= 115.57 + 2.18). Despite the reduction in
MDA concentration amongst testes cotreated
with 100 mg/Kg o-lipoic acid compared to
gentamicin alone (MD + SE = -94.29 + 2.18),
it was still higher than the control group ((MD

+ SE = 21.29 + 2.18). However, co-treatment
with gentamicin plus 200 mg/Kg a-lipoic acid
normalized MDA concentration compared to
the control group (MD + SE = -2.05 + 2.18).
Additionally, the group cotreated with gen-
tamicin plus vitamin E could normalize MDA
concentration compared to the control group
(MD + SE =-5.03 + 2.18). TAC was reduced
with gentamicin treatment compared to the
control group (MD + SE =-9.23 £ 0.27). How-
ever, adding 100 or 200 mg/kg a-lipoic acid, or
vitamin E to gentamicin treatment could re-
store TAC compared to the control (MD + SE
=-0.57 £0.27, 0.28 = 0.27, 0.002 £ 0.27, re-
spectively). Catalase and SOD enzyme activi-
ties were also reduced in rats treated with gen-
tamicin compared to the control group (MD +
SE =-1.89 £ 0.45 and -11.77 £ 2.86, respec-
tively). However, coadministration of 100
mg/Kg a-lipoic acid with gentamicin could
normalize the enzyme activities as compared
to the control (MD + SE =0.19 + 0.45,2.23 +
2.86, respectively). Moreover, coadministra-
tion of either 200 mg/Kg a-lipoic acid or vita-
min E normalized catalase and increased SOD
enzyme activities compared to the control (MD
+ SE =1.14 £ 0.45, 20.23 + 2.86, respectively
for 200 mg o-lipoic acid; MD + SE = 0.07 +
0.45, 13.23 +2.86, respectively for vitamin E).
On day sixty, no statistically significant differ-
ences were observed among the study groups.
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Table 2
Effect of gentamicin with/without alpha-lipoic acid or vitamin E on oxidative stress
biomarkers in rats’ testis
TAC SOD Catalase
Day Group (nmol/0.1g.tissue) (mM/L) (U/ml tissue) (U/g tissue)
Mean SE Mean SE Mean SE Mean SE
Control 46.61 0.642 16.90 0.222 320.0 2.90? 4.34 0.192
1 162.19 0.80° 7.67 0.14° 308.2 0.71b 2.46 0.02b
15 2 67.90 2.55°¢ 16.33 0.202 323.2 0.712 4.52 0.242
3 44.56 1.992 17.18 0.212 340.2 3.24¢ 5.47 0.642
4 41.58 0.552 16.90 0.182 333.2 0.71¢ 441 0.062
Control 65.07 0.81 15.46 0.18 537.86 18.47# 7.18 1.32
1 54.09 3.49 15.81 0.28 479.83 43.85 7.01 112
60 2 56.31 2.31 13.82 0.94 439.72 37.23 7.08 1.00
3 52.40 3.28 15.42 0.11 424.29 16.13 6.01 1.05
4 52.68 411 15.14 0.54 413.76 8.62 6.94 1.23

Note: MDA — malondialdehyde; SE — standard error; SOD — superoxide dismutase; TAC — total antioxidant capacity;
group 1 refers to gentamicin alone; group 2 refers to gentamicin + 100mg/kg a-lipoic acid; group 3 refers to gentamicin
+ 200 mg/kg a-lipoic acid; group 4 refers to gentamicin + vitamin E. Values bearing different superscript letters in the

same column differ significantly between groups.

Gene expression

As shown in Table 3, on day 15, relative
catalase and SOD gene expression was re-
duced among rats treated with gentamicin
compared to the control rats (MD + SE =-0.84
+ 0.09 and -0.66 = 0.07, respectively). How-
ever, co-treatment with 100 mg/kg a-lipoic
acid provided a partial increase in the catalase
and SOD gene expression compared to gen-
tamicin alone (MD £ SE=0.43+0.09 and 0.26
+ (0.07, respectively), but less than the control
(MD + SE =-0.41 +£0.09 and -0.42 + 0.07, re-
spectively). Additionally, co-treatment with
200 mg/kg a-lipoic acid fortified the increase
in the catalase and SOD gene expression com-
pared to the control (MD + SE = 0.29 + 0.09
and 0.46 £ 0.07, respectively). On the other
hand, co-treatment with vitamin E partially up-
regulated catalase and SOD gene expression
compared to treatment with gentamicin alone
and the control group, which approximated o-
lipoic acid 100 mg/kg effect (p = 0.204 and
0.326). Relative GPx gene expression was also
reduced with gentamicin treatment compared
to the control (MD = SE = -0.49 + 0.06) that
was mitigated with 100 mg/kg a-lipoic acid
(MD = SE =0.23 £ 0.06) or normalized with

200 mg/kg a-lipoic acid (MD = SE = 0.003 +
0.06) compared to gentamicin alone. On the
other hand, co-treatment with vitamin E par-
tially upregulated GPx gene expression com-
pared to treatment with gentamicin alone and
the control group, which approximated o-li-
poic acid 100 mg/kg effect (p = 0.992). On day
sixty, the difference among the groups in the
relative genes’ expression was not significant.

Relationship between oxidative stress
and gene expression

Catalase enzyme activity was signifi-
cantly correlated with catalase gene expression
(r=0.69, p <0.001). The univariate regression
model of catalase enzyme activity showed that
R? = 0.457, catalase gene expression beta =
1.905, and p < 0.001, concluding that about
46% of the reduced catalase activity could be
explained by the suppressed gene expression.
SOD enzyme activity was significantly corre-
lated with SOD gene expression (r = 0.535, p
= 0.006). The univariate regression model of
SOD enzyme activity showed that R? = 0.275,
SOD gene expression beta = 15.759, and p =
0.004, concluding that about 28% of the re-
duced SOD activity could be explained by the
suppressed gene expression.
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Table 3

Gene expression of antioxidant enzymes obtained from rats’ testis treated with gentamicin

with/without alpha-lipoic acid or vitamin E

Cat. gene expression SOD gene expression GPx gene expression
Day Group (Fold change) (Fold change) (Fold change)
Mean SE Mean SE Mean SE
Control 1.18 0.072 1.28 0.082 111 0.072
1 0.34 0.02° 0.63 0.04° 0.62 0.03°
15 2 0.77 0.05¢ 0.86 0.03° 0.85 0.03¢
3 1.46 0.11° 1.74 0.06¢ 1.12 0.042
4 0.97 0.04% 1.01 0.05° 0.88 0.05°
Control 0.98 0.13 1.11 0.09 0.97 0.12
1 0.92 0.09 1.20 0.07 0.92 0.08
60 2 1.05 0.14 1.16 0.10 1.02 0.09
3 0.91 0.10 1.17 0.09 0.99 0.11
4 1.12 0.08 1.04 0.12 0.94 0.13

Note: Cat. — Catalase; GPx — glutathione peroxidase; SOD — superoxide dismutase; group 1 refers to gentamicin alone;
group? refers to gentamicin + 100mg/kg a-lipoic acid; group 3 refers to gentamicin + 200 mg/kg a-lipoic acid; group 4
refers to gentamicin + vitamin E. Values bearing different superscript letters in the same column differ significantly

between groups.

Discussion. The complexity of gentami-
cin-induced testicular oxidative stress pro-
motes investigating one of the underlying po-
tential mechanisms which is gene expression.
The oxidative stress is not only limited to tes-
ticular tissue, but also extends to renal tubules
[42], and vestibular tissues [43]. Testicular ox-
idative stress as a mechanism of gentamicin-
induced gonadotoxicity has been studied and
demonstrated in rat animal models [16]. Sup-
pression of antioxidant enzymes gene expres-
sion as a mechanism of gentamicin-induced
testicular oxidative stress has also been re-
ported in a recent study [11]. Furthermore,
gene expression downregulation associated
with gentamicin treatment in other organs such
as the kidney has been also reported [12]. The
present study found an increased testicular
MDA and a decreased TAC and decreased cat-
alase and SOD enzyme activities in association
with decreased gene expression of catalase,
SOD, and GPx enzymes among animals
treated with gentamicin compared to control,
indicating testicular oxidative. In agreement
with our findings, a study treated rats with 3
doses of gentamicin for 10 days and found a
dose-dependent reduction in testicular catalase
and SOD enzyme activities and an increase in
lipid peroxidation [44]. Consistently, a 6-day

treatment course with 100 mg/kg gentamicin
increased testicular MDA and reduced antiox-
idant enzyme activities including catalase and
glutathione reductase [19]. Another study re-
ported a reduction in testicular catalase and
SOD enzyme activities after treating rats with
5 mg/kg gentamicin for 10 days [45]. One
more study reported a dose-dependent reduc-
tion in catalase and SOD enzyme activities on
day 1 after treating animals with 3 and 5 mg/kg
gentamicin for 10 days, which was restored on
day 35 [46].

Alteration of testicular gene expression
of antioxidant enzymes concerning gentamicin
treatment was studied to a lesser extent. A
study administered 100 mg/kg gentamicin for
6 days to rats and found testicular gene expres-
sion suppression of SOD by about 75% com-
pared to control, but not catalase gene expres-
sion [11], which agreed with the current find-
ings in SOD expression only. Another study
examined the effect of 100 mg/kg gentamicin
for 12 days on renal gene expression of SOD
and GPx enzymes and reported great suppres-
sion of the two enzymes to about 90% [12],
which is consistent with the present study re-
sults.

We added a-lipoic acid in two doses to
gentamicin during the gentamicin-treatment
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course and recorded a dose-dependent recov-
ery from oxidative stress and restoration of
gene expression compared to gentamicin
alone. Consistently, a-lipoic acid as a protec-
tive agent against gentamicin-related gonado-
toxicity was recently investigated. It was re-
ported that 600 mg/kg a-lipoic acid protected
against 80mg/kg gentamicin adverse effects
when co-administered for 4 weeks [21]. How-
ever, to the best of our knowledge, the poten-
tial protective effect of a-lipoic acid against
gentamicin-induced oxidative stress and al-
tered gene expression has not been studied.
Noteworthy, a-lipoic acid protected against
gentamicin-induced nephrotoxicity [47] and
ototoxicity [48], and the associated oxidative
stress among animals treated with gentamicin
and alpha lipoic 50-200 mg/kg. Upregulation
of antioxidant enzymes gene expression by a-
lipoic acid in diabetic rat kidneys has been re-
ported in a study that treated rats with 10
mg/kg a-lipoic acid for 4 weeks. The relative
mRNA expression of catalase and SOD to -
actin in diabetic rats was increased compared
to normal rats [29]. Similarly, another study re-
ported upregulation of relative gene expression
of SOD, GPx, and catalase among o-lipoic
acid-treated diabetic rat kidneys [30]. The gene
expression upregulation by a-lipoic acid was
proposed to be mediated by O-GIcNAc (O-
linked B-N-acetylglucosamine)-dependent
mechanism [29], besides its direct antioxidant
activity through the oxidized and reduced
forms [49]. It also has indirect antioxidant ac-
tivity through metal chelation of Mn?*, Cu?*,
Fe?*, and Zn?* [50] via electrophilic mecha-
nisms, and LA-induced heme-oxygenase-1
(HO-1) expression and cellular protection [51].

In the present study, rats cotreated with
vitamin E showed that the gentamicin-induced
testicular oxidative stress was ameliorated, and
the gene expression of antioxidant enzymes
was partially upregulated which approximated
the protective action of a-lipoic acid. Consist-
ently, rats treated with 80 mg/kg gentamicin +
vitamin E 50 mg/kg for 8 days showed a re-
duced renal MDA and an increased GSH con-
centration [52]. In another study, 100 mg/kg of
vitamin E could partially restore GSH concen-
tration in liver cells among rats treated with

gentamicin [53]. The possible underlying
mechanism is that vitamin E has a direct free
radical scavenger action by donating its phe-
nolic hydrogen atom to lipid peroxyl radical
forming lipid hydroperoxide and a-tocopher-
oxyl radical [54]. The latter reacts with lipid
peroxyl radical, lipid alkoxyl radical, or car-
bon-centered lipid radical forming inactive
nonradical product, or reacts with another a-
tocopheroxyl radical forming nonradical dimer
[54]. On the other hand, vitamin E was re-
ported to upregulate, but not completely re-
store, catalase and SOD gene expression in
mice liver cells that were treated with an oxi-
dative stress inducer [55].

Conclusion. Gentamicin downregulates
gene expression of catalase, SOD, and GPx en-
zymes, supplying an explanation of gentami-
cin-induced testicular oxidative stress in rat
testicular tissue. Adding a-lipoic acid or vita-
min E to gentamicin treatment provides signif-
icant protection against oxidative stress that
could be applied in human studies.
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Abstract

Background: Multidrug resistance bacteria are a serious problem for health specialists and all the
people in the world. The main reasons for this problem are the misuse of antibiotics and the limited
number of antibiotics as compared to different human diseases. The important antibiotic-resistant
bacteria include Methicillin-resistant Staphylococcus aureus (MRSA). Antimicrobial peptides
(AMPs) are regarded as promising antimicrobial agents because they satisfy the requirements for the
creation of innovative antimicrobial drugs. The aim of the study: To design a novel antimicrobial
peptide and study its effect against MRSA when we combined it with vancomycin. Materials and
methods: To produce the hexapeptide WR-286, 1-(2, 6-difluorobenzyl)-1H-1, 2, 3-triazole-4-car-
boxylic acid, tryptophan (W), and arginine (R) were rationally combined. Different bacterial strains
were used to test WR-286's antibacterial properties. Investigations of WR-286's hemolytic activity
toward human erythrocytes were also conducted. Finally, utilizing the checkerboard approach and
the fractional inhibitory index, synergistic tests with vancomycin were carried out. Results: With
MIC values as low as 35 uM, WR-286 demonstrated strong antibacterial activity against MRSA. The
toxicity of WR-286 to human red blood cells was very low. Additionally, the peptide and vancomy-
cin's activity were improved by the synergistic experiments. Conclusion: According to the current
investigation, WR-286 has little hemolytic activity and displays promising antibacterial activity
against MRSA. Additionally, when coupled with vancomycin, the peptide has synergistic effect. The
novel AMPs described in this work are promising potential candidates for antimicrobial drug devel-
opment.

Keywords: antimicrobial peptide; WR-286; minimum inhibitory concentration; MRSA; vancomy-
cin; antibiotic resistance
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Introduction. Staphylococcus aureus is wound [1]. This is called methicillin-resistant
a type of bacteria that is commonly found on staphylococcus aureus (MRSA). In 2013, more
the skin and in the nose of healthy people. than 65,000 cases of MRSA were reported in
However, it can cause serious medical prob- the United States. Many healthcare workers

lems if it enters the body through a cut or develop MRSA infections on the job [2].
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Fortunately, there are steps we can take to
lower the risk of transmission to the general
public. MRSA is resistant to many common
antibiotics, making it difficult to treat. People
with MRSA infections are at an increased risk
for developing life-threatening conditions such
as bloodstream infection, sepsis and cancer [3].
Additionally, MRSA can spread easily among
people in hospitals and other healthcare facili-
ties. This is because healthcare workers and
other patients who are sicker than average fre-
quently contact things with which they have
been infected. Unfortunately, many of these
people don't recognize that they have MRSA
infections when they return home. This allows
the bacteria to spread further and cause more
severe health issues among susceptible indi-
viduals [4].

Therefore, to overcome this problem and
due to the increasing resistance of MRSA, var-
ious studies have been conducted, one of
which is the combination of vancomycin with
antimicrobial peptides (AMPs) [5, 6].

Due to their many benefits, including
their broad-spectrum and quick killing mecha-
nism against a wide variety of bacteria, AMPs
are regarded as a great alternative to conven-
tional antibiotics. They also show potential
against germs that are multi-drug resistant.
Furthermore, because of their extensive struc-
tural variety and non-specific interactions with
bacterial components, they have a low likeli-
hood of causing microbial resistance [7].

Vancomycin is a drug used to treat vari-
ous infections. It is a member of the teicoplanin
family, which includes other antibiotics such
as gentamicin and daptomycin [8]. Vancomy-
cin is effective against a variety of bacteria, in-
cluding those that are resistant to other antibi-
otics like MRSA. But vancomycin has many
side effects like nephrotoxicity and ototoxicity
that limit their use [9].

In this study we designed a novel antimi-
crobial peptide and combined it with vancomy-
cin and evaluated the activity of this combina-
tion against MRSA.

Materials and method

Peptide design and synthesis

WR-286 was rationally designed by in-
corporating alternating subunits of both argi-

nine (R) and tryptophan (W) to create an ultra-
short hexapeptide. The peptide was further
conjugated with 1-(2, 6-difluorobenzyl)-1H-1,
2, 3-triazole-4-carboxylic acid. WR-286 was
synthesized using conventional solid-phase
Fmoc chemistry (GL Biochem, Shanghai,
China). WR-286 was synthesized following
standard Fmoc solid-phase protocols on Wang
resin. Peptide elongation was effected using
standard HBTU coupling chemistry in dime-
thylformamide (DMF) solvent with a fourfold
molar excess of diisopropyl ethylamine
(DIEA) in N-methyl-2-pyrrolidone (NMP) and
a threefold molar excess of each Fmoc-pro-
tected amino acid or 1-(2, 6-difluorobenzyl)-
1H-1, 2, 3-triazole-4-carboxylic acid. WR-286
was cleaved from the resin, using 95% tri-
fluoroacetic acid (TFA), 2.5% triiso-
propylsilane, and 2.5% thioanisole (3 h, room
temperature), and precipitated using cold
(-20 °C) diethyl ether. The synthesized pep-
tide’s purity was determined by reverse-phase
high-performance  liquid chromatography
(RP-HPLC). The identification of WR-286
was confirmed by mass analysis and through
the employment of electrospray ionization
mass spectrometry (ESI-MS) [10, 11, 12].

Determination of the Active Peptides by
Minimum Inhibitory Concentrations (MICs)
and Minimum Bactericidal Concentrations
(MBCs)

The Clinical and Laboratory Standards
Institute (CLSI) criteria were followed to as-
sess the MIC and MBC of the active peptides
using sterile 96-well polypropylene microtiter
plates. In a nutshell, the MHB was taken out of
the stock media of frozen glycerol and used as
the growth medium for organisms. Before use,
bacterial cells were diluted to 10 CFU/ml in
the same medium after being cultured over-
night in Muller Hinton Broth. As final concen-
trations, several dilutions with concentrations
between 0.5 and 100 uM were created. Then,
50 uL of the peptide concentration and 50 puL
of diluted bacterial solution were added into
each well of 96-well microtiter plates. At 37
C°, the plate was incubated for 18 hours. Next,
using an ELISA plate reader to measure OD at
570 nm to assess the rate of bacterial growth,
MIC was calculated (as the lowest concentra-
tion of antimicrobial drugs which is needed to
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inhibit the growth of the bacteria). Each plate
included a positive control column (50 pl of
bacterial suspension plus 50 ul MHB without
any antimicrobial agents) and a negative con-
trol column (100 ul of MHB in each well) to
ensure the activity of bacteria and the sterility
of MHB respectively and repeated three times
[13, 14, 15].

For MBC determination, 10 pul each of
clear negative wells and turbid positive control
wells were taken, seeded on sterile labeled agar
with nutrient medium, and incubated for 24
hours at 370C.

The lowest concentration that led to hav-
ing < 0.1% viable cells (killing 99.9 %) was
referred to as the MBC value.

MIC Determination of Peptide-Vanco-
mycin Combination

According to the broth microdilution
checkerboard technique, MICs of peptide-van-
comycin combination against stander bacterial
strains of S.areues and MRSA. However, in this
assay, each microtiter well contained a mixture
of WR-268 peptide and vancomycin in different
concentrations. 25 pul of each peptide concentra-
tion and 25 pl of vancomycin (from 0.25 to 200
uM) were added to six wells of a sterile flat—bot-
tomed 96 well-plate that contained 50 pl of the
diluted bacterial suspension. MICs determina-
tion made in triplicate [16, 17, 18].

Determination of Synergism using
Fractional Inhibitory Concentration

The fractional inhibitory concentration
(FIC) is the summation of the inhibitory con-
centration values of each component resulted
in the antimicrobial combination divided by
the inhibitory concentration alone [19-22].

The FIC indices were interpreted as fol-
lows:

< 0.5: synergistic activity, 0.5-1: addi-
tive activity, 1-4 indifferent, >4: antagonistic.
Interpretation and assessment of the FIC index
and antimicrobial activity of peptides-antibiot-
ics combinations were conducted according to
the broth microdilution checkerboard tech-
nique

Erythrocyte Hemolytic Assay

Determination of the ability of the de-
signed peptide to cause hemolysis to human

erythrocyte, hemolytic assays was performed.
Two ml of human blood was placed into a 50-
ml centrifuge tube, centrifuged at 3000 xg for
5 min. The supernatant was discarded and the
cell pellet was suspended in 48 ml of PBS and
centrifuged at 3000 xg for 5 min; this step was
repeated three times. Finally, the cell pellet
was re-suspended in a sterile tube containing
50 ml PBS to reach a final concentration of 4%
RBC and PBS containing different concentra-
tions of the peptides. Then 1 ml of each con-
centration was added to 1 ml of erythrocyte
suspension [23].

Controls were prepared by the addition
of 5 ul of Triton X-100 to 1 ml of RBC suspen-
sion (positive control). The blank (negative
control) was prepared by adding 1 ml of RBC
suspension with PBS. The suspension was in-
cubated for 60 min at 37 °C. Tubes were gently
vortexed and 1 ml of each sample was aspi-
rated and placed into sterilized Eppendorf
tubes and then centrifuged for 5 min at 3000
xg. From each supernatant 100ul. Was placed
into a well of a 96-well plate. Absorbance was
measured at A= 570 nm with the aid of the Ab-
sorbance Microplate Reader. The percentage
of hemolysis was calculated according to the
following equation [24].

% Hemolysis = ﬁ x 100

Where A: is OD 450 with the peptide so-
lution,

AO0: is OD 450 of the blank.

And Ax: is OD 450 of control (0.1% Tri-
ton X-100).

Results

The synthesis of WR-286 peptide

As displayed in Fig. 1, the peptide was
designed using three subunits of arginine and
three units of tryptophan in combination with
1-(2, 6-difluorobenzyl)-1H-1, 2, 3-triazole-4-
carboxylic acid. Tryptophan was integrated as
hydrophobic moiety, and because of its mem-
brane interface interaction. It exhibits a strong
preference when compared to the other hydro-
phobic amino acids. 1-(2, 6-difluorobenzyl)-
1H-1, 2, 3-triazole-4-carboxylic acid was used
due its hydrophobicity nature and having some
antimicrobial effect.
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Fig. 1. The structure of WR-286 peptide

Bacterial Susceptibility Assay of the
WR-286 peptide and vancomycin

The peptide and vancomycin were tested
against control and resistance strain of S. au-
reus (ATCC 29215) and MRSA (ATCC BAA-
41). The results showed that the peptide has a
good activity against both strains with MIC

value 25 and 35 uM against S. aureus (ATCC
29215) and MRSA (ATCC BAA-41) respec-
tively with bactericidal mode of action =. The
Vancomycin has MIC value of 0.5 uM against
controlled strain and 2 uM against MRSA. The
results of MIC and MBC were shown in
Table 1.

Table 1
The MIC and MBC value for WR-286 and vancomycin
S. aureus (ATCC 29215) MRSA (ATCC BAA-41)
Antibacterial agent MIC/ MBC MIC/ MBC
(M) (M)
WR-286 25/25 35/35
Vancomycin 0.5/0.5 2/2

Study the synergistic effect of the pep-
tide combination with vancomycin

WR-286 and Vancomycin synergistic
effects were evaluated utilizing the checker-
board method technique. Table 2 displays the
synergy values for WR-286 and VVancomycin
as calculated by the FIC index.

Hemolytic activity of WR-286 peptide
Up to a concentration of 100uL, WR-
286 has no hemolytic action against human
erythrocytes. The results of hemolytic assay
were shown in Table 3.

Table 2
The results of the synergistic effect of the combination of WR-286 and vancomycin
Vancomy- \garr:g;ngt?::n WR-286 svxfr'zigﬁc FIC IN-
Bactria strain cin MIC ynerg MIC ynerg Action
(M) MIC (M) MIC DEX
: (uM) i (uM)
S. aureus (ATCC 29215) | 0.5 0.00125 25 5 0.21 Synergistic
MRSA (ATCC BAA-41) | 2 0.05 35 8 0.25 Synergistic
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Table 3

The hemolytic activity of the WR-286

Concentration (uM)

Hemolysis (%)

10

20

40

60

80

100

[ellellelle}{elle]le] ]

Discussion. Antibiotic resistance occurs
when microorganisms become unaffected by
antimicrobial agents. Accordingly, the drug
becomes ineffective and infections persist in
the body, increasing the risk of spread to oth-
ers. In 2014, the World Health Organisation
(WHO) published a new report on the problem
of bacterial resistance, which now exists in all
regions of the world and has the potential to af-
fect anyone, no matter who they are [25, 26].

The effective treatment and prevention of
an increasing range of infections are seriously
threatened by antimicrobial resistance (AMR)
caused by bacteria, parasites, viruses, and fungi.
Using effective antimicrobial agents increases
the success rate of major surgeries and chemo-
therapy otherwise, they would be compromised
[27]. Also, the AMR exerts major negative feed-
backs to global public health that needs actions
across society and all government sectors. From
an economic point of view, patients with re-
sistant infections need a high cost for treatment
in comparison with other patients [28]. Accord-
ing to a recent WHO report on the onset of bac-
terial resistance, the most type of bacteria caus-
ing the major types of resistant nosocomial infec-
tions is Staphylococcus aureus. S. aureus is the
strain that develops MRSA by interspecies trans-
fer of the mecA gene from an ancestral Staphy-
lococcus species to S. aureus mediated by a spe-
cial staphylococcal mobile genetic element [29].

MRSA is a Gram-positive bacterium that
causes a wide range of very dangerous human
diseases. Nosocomial infections caused by
MRSA strains have become a major problem
internationally as MRSA, by causing invasive
infection, leads to an increase in mortality of
up to 20%.

It causes inflammation in many tissues,
septicemia, and even life-threatening infec-
tions. The risk of MRSA infections comes not
only from the emergence of MDR but also
from the ability of bacteria to develop strong
biofilms structures [30].

MRSA strains are responsible for many
critical hospital and community-acquired in-
fections. According to the National Nosocom-
ial Infections Surveillance System, the inci-
dence of MRSA infection is rising and 60% of
intensive care unit admissions were accounted
for MRSA infection. Treating these infections
is more challenging with the traditional antibi-
otic. MRSA exhibits resistance to a wide range
of antibiotics, including second-and third-line
drugs. Recently, it has been suggested that a
combined synergistic approach will delay or
eliminate the development of drug resistance,
reduce the doses of individual drugs and hence
reduce side effects.

Many studies assessed the outcomes of
Host Defense Peptides (HDPs) or new synthe-
sized AMPs and conventional antibiotics in
combinations against various multidrug-re-
sistant bacteria (MDRB) [31]. These studies
reported synergistic activities or an antibacte-
rial activity improvement using many combi-
nations. As AMPs are considered as membrane
targeting agents that distort bacterial cell mem-
branes via pore formation mechanisms and
lead to an increase in the permeability of cell
membrane, this consequently would lead to an
increase of antibiotics entry into the cell to ac-
complish the damage process more efficiently
and rapidly. The WR-286 peptide was synthe-
sised using three units of the amino acid argi-
nine to provide sufficient electrostatic attrac-
tion with the negative head groups of the phos-
pholipids of the bacterial cell membrane.
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Our results are consistent with previous
studies showing that membrane disruption de-
pends on the cationic residue and, therefore,
the positive charge should depend on arginine
rather than lysine or ornithine, especially if the
peptide consists of less than three residues
[32].

This phenomenon explains the role of ar-
ginine's guanidine moiety that is responsible
for increasing the binding of the cationic moi-
ety in AMPs to the membrane surface via
forming a complex with the phosphate groups
belonging to the membrane phospholipid bi-
layer. Tryptophan was used to render the pep-
tide hydrophobicity, which plays a significant
role in enhancing peptide-membrane interac-
tion compared to other hydrophobic amino ac-
ids. It has been reported that a high propensity
for membrane insertion happens as a conse-
quence of the specific affinity between the in-
dole group of tryptophan and carbonyl moie-
ties of phospholipids and hence membrane dis-
ruption [33].

As shown in our study, the results of the
MIC and MBC indicate that our peptide
showed a good activity against MRSA with
MIC value of 35 uM with bactericidal mode of
action. In addition, WR-286 has no haemolytic
activity against erythrocytes, the low haemo-
Iytic activity is due to the increase in cationic
charge to approximately +3, which helps to
minimise haemolytic toxicity against erythro-
cytes.Accordingly, mass charge plays a major
role in creating a sufficient electrostatic attrac-
tion and hence targeting the negative head
groups of the bacteria cell membrane with very
negligible toxic effects toward human erythro-
cytes. Several studies have reported that com-
bining AMPs with antibiotics will provide en-
hanced microbiocidal activity for both the pep-
tide and the antibiotic [34]. In this study we
compared WR-286 with vancomycin to see the
activity of this combination against MRSA.
Vancomycin does not work intracellularly but
functions by inhibiting cell wall synthesis by
binding to the D-Ala-D-Ala terminal of the
growing peptide chain during cell wall synthe-
sis, resulting in inhibition of the trans pepti-
dase, which prevents further elongation and
cross-linking of the peptidoglycan matrix. It

displayed a synergistic effect against Gram-
positive bacteria. This could be explained by
the fact that vancomycin acts against the cell
wall, facilitating the penetration of peptides to
their target sites in the cell membrane, which
ultimately leads to rapid cell lysis and a de-
crease in the effective concentrations required
to inhibit bacterial growth exhibited by the
peptide and vancomycin [35].According to the
synergistic mode of action exhibited when
combing WR-286 with vancomycin, this dra-
matic decrease in peptide concentrations
needed to kill bacteria efficiently while dis-
playing negligible cytotoxic effects could offer
a great strategy for AMP development into ef-
fective therapeutics with the current challenge
faced globally by the lack and discovery of
new safe and effective antibiotics [36].

Conclusion. A new conjugated ultra-
short antimicrobial peptide with high activities
against MRSA and low hemolytic activities is
designed, and its antimicrobial characteristics
are reported. When paired with vancomycin,
the peptide showed synergistic effects, making
it a strong option for future antimicrobial re-
search.
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Pesrome

AKTyaJIbHOCTB: Borpocs! pa3paboTKi HOBBIX JIEKApPCTBEHHBIX MPENapaToB, COACPIKAIMX METaIIIbI
IIEPEMEHHON BaJ€HTHOCTH, HYXJAKOTCA B CHCTEMATU3allMH HAIIWX 3HAHWUMW, ITPOBEICHUM DKCIIEPH-
MEHTAaJIbHBIX U KIMHUYEeCKUX uccienoanuil. Lean uccnenopanus: M3yuenne mexanusmoB 3 dek-
THUBHOCTH MUHEPAJIBHOTO KOMILIEKCA, COJIEPKAILETr0 METaJUIbl [IEPEMEHHON BaJICHTHOCTH, B JICHCHUU
pecnupaTopHbIX 3a00J1€BaHUH, TPOBEICHHUE TOKINHUYECKUX UCIIBITAHUHN 1 KIIMHUYECKOH anpodanuu
HOBOT'O0 MHTAJIILIMOHHOIO MUHEpalIbHOro pactBopa. Martepuanbl U MeToabl: CIOCOOHOCTh HOHOB
uepus (111) mposiBAsATE BOCCTAaHOBUTENIbHBIE CBOMCTBA TPOAEMOHCTPUPOBAHA ITyTEM IPOBEICHHS XH-
MUYECKHUX peakiuii xjaopuaa u cynbdara uepus (111) c nepmanranatom Kaaust B IpUCyTCTBUH €AKOTO
HATpUs WU CEPHOI KHCIOTHI (COOTBETCTBEHHO). JJOKIMHNYECKHE UCCIIeI0OBaHNUS OCTPON TOKCUYHO-
CTH MPOBEACHBI Ha JIAOOPATOPHBIX MBIIIAX U KpbICaX ¢ COOIIOCHUEM MPaBUI OMOATHKU B COOTBET-
CTBHMHU C OOIIECTPUHATHIMU 3THUYECKUMH HOPMaMHU OOpallleHus ¢ )KUBOTHBIMHU, HA OCHOBE CTaHJapT-
HBIX ONEPALMOHHBIX MPOLEAYP YHUBEPCUTETA, KOTOPbIE COOTBETCTBYIOT MpaBHIaM, MPUHATHIM EB-
ponelickoii KoHBeHIMEN O 3aIUTE TO3BOHOYHBIX JKUBOTHBIX, UCIIOJIB3YEMBIX ISl HCCIIEA0BATENb-
CKUX U MHBIX HayuyHbIX 1ienelt (CtpacOypr, 1986). Knunuueckas ampobarus AByx (GopM MHUHEpalb-
HOT'0 KOMIUIEKca sl MHransanui (1. pactBop A MHTasIMiA ¢ MpUMEeHeHneM HeOynaiizepa — Pene-
puyM; 2. MHTpaHa3aJbHbBIN CIIpeil) mpoBeaeHa Ha 6 rpymnax BOJOHTEPOB ¢ COOIIOICHIEM IIPaB de-
JIOBEKA W MPHUHIMIIOB IPOBEACHUSI MEIUIIMHCKUX MCCIEIOBAHUM C YYaCTHEM YEJIOBEKA B KaueCTBE
cyObekTa, AekinapupoBaHHbIX Ha 18-i1 ['enepanbHOlt Accambiee Beemupnoit Menunmackoit Acco-
nuanuu (XenbCcuHKH, QUHISHIM ), T0OpOBOIBLHOT0 HH(POPMHUPOBAHHOTO COTTIACHS, YTBEPHKIEHHOTO
JIOKAJIbHBIM THYECKUM KOMHUTETOM. Pe3yiibTarbl: MuHEpaIbHBIN Npenapar A MHTATIIHOHHON
Tepanuy OOJLHBIX OCTPHIMU PECIUPATOPHBIMH 3a00JIEBAaHUSMH HE MPOSBISIET OCTPOH TOKCUYHOCTH
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B JIOKJIMHUYECKUX UCCIIEI0BAaHUSX Ha Ja0OpaTOPHBIX KMBOTHBIX. MeXaHU3M JefcTBuUs Mpenapara,
HanboJiee BEpOSITHO, CBA3AH C PETYJISIHENd OKHCIUTEIbHO-BOCCTAHOBUTEIILHBIX PEaKIMii Ha yPOBHE
MeMOpaHbl KJIETKH, MUTOXOHJPUH U S]Ipa KJIETKH, YTO MPOSIBIIAETCS IPOTUBOBOCIIAIUTEIBHOMN U pe-
TeHEePAaTOPHON aKTUBHOCTBIO B O0JIACTH CIIM3UCTON 000JIOUKHU BIXaTEIbHBIX MTyTEH U aTbBEOIIPHOTO
anmnapara. O0e Gpopmbl IpenapaTa Xopoulo nepeHocsTces. OTMeueHa BbIpaXKeHHas KIMHUYecKas 3¢-
(bexTuBHOCTH IpenapaTta PenepuyM B popme HHTANSAIHI Yepe3 KOMIIPECCOPHBIM HHTANISITOP B CIIydae
KypPCOBOT'O 5-M JHEBHOTI'O JICUEHUS 110 5 MJI OJIUH Pa3 B IeHb. 3aK/II04YeHue: DKCIICPUMEHTAIIBHBIE U
KIIMHUYECKHUE TaHHBIE IPOJEMOHCTPUPOBAIN BBIPA)KECHHBIE IPOTUBOBOCHAIIUTEIBHBIE U PETE€HEPa-
TOPHBIE CBOWCTBA HOBOTO MUHEPAIHHOTO KoMILIeKkca Ha ocHoBe 1iepust (111), MexaHu3m KOTopsIX 00Yy-
CJIOBJICH PETYJISILIMEN OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKLIAM.

KuroueBble ciioBa: MeTallIbl IEPEMEHHON BaJIEHTHOCTH; UOHBI LIEPUS; OKUCIUTEIbHO-BOCCTAHOBH-
TeJIbHbIE PEAKINU; JOKIMHUYECKHE UCCIIE0BaHMS; KIIMHUYECKas arnpodanus
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Abstract

Background: The task to develop new drugs containing metals of variable valence requires system-
atization of our knowledge, experimental and clinical studies. The aim of the study: To investigate
the mechanisms of the effectiveness of the mineral complex containing metals of variable valence in
the treatment of respiratory diseases, to conduct preclinical trials and clinical testing of a new inhala-
tion mineral solution. Materials and methods: The ability of cerium (III) ions to exhibit reducing
properties was demonstrated by carrying out chemical reactions of cerium (III) chloride and sulfate
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with potassium permanganate in the presence of sodium hydroxide or sulfuric acid (respectively).
Preclinical studies of acute toxicity were carried out on laboratory mice and rats in accordance with
the rules of bioethics and with generally accepted ethical standards for the treatment of animals, based
on the standard operating procedures of the university, which comply with the rules adopted by the
European Convention for the Protection of Vertebrate Animals used for research and other scientific
purposes (Strasbourg, 1986). Clinical testing of two forms of the mineral complex for inhalation (1.
Inhalation solution for nebulizer — Renerium; 2. intranasal spray) was carried out on 6 groups of
volunteers in compliance with human rights and the principles of conducting medical research in-
volving a person as a subject, declared on the 18" General Assembly of the World Medical Associa-
tion (Helsinki, Finland), voluntary informed consent, approved by the local ethical committee. Re-
sults: Mineral preparation for inhalation therapy of patients with acute respiratory diseases does not
show acute toxicity in preclinical studies on laboratory animals. The mechanism of action of the drug
is most likely associated with the regulation of redox reactions at the level of the cell membrane,
mitochondria and cell nucleus, which is manifested by anti-inflammatory and regenerative activity in
the mucous membrane of the respiratory tract and alveolar apparatus. Both forms of the drug are well
tolerated. A pronounced clinical efficacy of the drug Renerium in the form of inhalation through a
compressor inhaler was noted in the case of a 5-day course of treatment, 5 ml once a day. Conclusion:
Experimental and clinical data have demonstrated pronounced anti-inflammatory and regenerative
properties of a new mineral complex based on cerium (III), the mechanism of which is due to the
regulation of redox reactions.

Keywords: metals of variable valency; cerium ions; redox reactions; preclinical studies; clinical test-
ing
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Beenenne. OcTpble peciupaTopHbIe 3a-
0oseBaHMs CTAOMIIBHO JUAUPYIOT CPEIU MpU-
YUH BPEMEHHOW yTpaTbl TPYyAOCHOCOOHOCTH
[1]. [To nanabIM PocioTpeOHaa30pa exKeroIHo
B Poccum peructpupyercs 6osee 52 MiH. ciy-
4aeB OCTPBIX PECIUPATOPHBIX 3a00JeBaHUI
[2]. Ocolyto akTyaldbHOCTh JaHHas MpobdiaeMa
npuoOpeTaeT B MEpUOJ AMUAEMUN U TMaH[e-
muu. B 2020 rogy xonuuecTBo JHEN BpeMEH-
HOM yTpaTbl TPyAOCIOCOOHOCTH MO IMPUYUHE
3a0ojeBaHui OpraHoB JbIxaHusi B Poccun co-
craBuiio 123 881 555. 3HaumTenbHBIN BKIa
pecrnupaTopHbIX 3a00JI€BAaHUN OTMEUYAETCS U B
CTPYKTYpE CMEPTHOCTH HACEJCHMSI, MPEexae
BCEro, 3a CYET XPOHHUECKOH OOCTPYKTUBHOU
0OJIE3HM JIETKUX W THEBMOHMH [3], UTO yKa3bl-
BaeT Ha 0COOYI0 3HAYMMOCTh Pa3pabOTKU Me-
T010B 3P pexTuBHOIN Tepanuu. [loBpexnenue
SMUTEINS PA3IMYHBIX YPOBHEH JbIXaTeIbHBIX

nyTel uMeeT OOJbIIOe 3HAYeHHE B PA3BUTHUU
CUMITOMOB 3a00JICBaHUS W HapyIICHUS BEH-
THWISALIMOHHOW (DYHKIIMH, HO OOIIHMe BOIPOCHI
3TON POOIEMBI OCTAIOTCSI HETOCTATOYHO U3Y-
YEHHBIMHU, PAaCCMATPUBAIOTCS B OCHOBHOM C
TTO3UITUU BOCITAJICHUS HITH BPOXKICHHOMN ITHITH-
apHo#t nuchyskuu [4, 5, 6]. PekomeHnnanmum B
OTHOIICHUW TTOBPESKICHUS SIHUTEIHATBHBIX
CTPYKTYp COCTOSIT B PETYISALIUU PEOIOTHYe-
CKHX CBOMCTB MOKPOTHI M IPUMECHEHUW HHTa-
JSIIUOHHBIX JINOO CUCTEMHBIX TIIFOKOKOPTHKO-
unoB [7, 8]. [Ipenaparsl, oOnamaromyie aHTH-
OKCHJIaHTHBIMHU CBOWMCTBaMH, HAIUIA TpPUMe-
HEHHUE TOJBKO MPU WHTEPCTUITHAIBHBIX 3a00-
JICBaHUX JIETKUX, B 00NAaCTU pelIeHus Mpo-
OJIeM Tepecaiku JISTKUX, HO HE UMEIOT YeTKUX
pEeKOMEHAAMA JUIsl JICUEHUS! TOBPEKIACHUS
SMUTENNS BIXaTeIbHBIX MMyTeH B clydae WH-
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(heK1MOHHOW NaTOJIOTUH U MHOTUX JPYTHX CO-
crosausx [9, 10, 11]. Hegocrarouno uzydeH-
HBIMH OCTAIOTCSl BOIPOCHI peryisuuu (pyHk-
Ui MeMOpaHbI SMUTETUAIBHBIX KIJIETOK, MH-
TOXOHAPUATIBLHOW TUCHYHKIMH, Mpoiudepa-
TUBHOM aKTMBHOCTH, BKJIOYasi CKOPOCTh pere-
HEpaluu IpU BUPYCHBIX U JPYTUX OCTPBIX pe-
CIUpaToOpHbBIX 3a0oneBanusax [12]. s pemre-
HUS psia TIepEUUCIICHHBIX MpolieM mpeno-
YKEHbI MUHEpaJIbHbIE KOMILJIEKCHI, B TOM YHUCIIE,
coiepXalllie METaJUIbl IIEPEMEHHON BaJICHT-
HOCTH, CIIOCOOHBIE OKa3bIBaTh BIUSHUE Ha CO-
JiepKaHue IPOAYKTOB NEPOKCUAALIMH 1 HAKOII-
neaune AT® B kieTkax. B oTOeIbHBIX KIMHU-
YEeCKUX HAOIIOJCHUSX IMOJyYEHbl BIEYATIISIO-
LIMe Pe3yabTaTbl PEAyLUPOBAHUS CUMIITOMOB
OCTPOTO PECIHPATOPHOTO 3a00JEBaHUS TIPH
MHTaJISIHMOHHOM NpPUMEHEHUH Ipenapara Pe-
HEpPUYM, COJEpKallero HOHbI Iepus, Map-
rafiia, MUHKa 1 cepedpa. Mexanusm aeicTBus
YKa3aHHOTO KOMILIEKCA HEAOCTAaTOYHO 00CYXK-
Jasics B HAYYHOM JIUTeparype, u TpedyeT aaib-
HEWIIEro U3y4YeHusl.

eas ucciaenoBanus. M3yuenue mexa-
HU3MOB 3(()EKTHBHOCTU MUHEPAIBHOTO KOM-
IJIEKCA, COAEPIKAILEro METasllbl IEPEMEHHON
BaJICHTHOCTH, B JICYEHUU PECHUPATOPHBIX 3a-
OoJieBaHM, TPOBEICHUH JOKIMHUUYECKUX HC-
MBITAHUN U KIMHUYECKOW armpoOariii HOBOTO
MHTAIALIMOHHOTO MUHEPAJIBHOTO PACcTBOPA.

MarepuaJ 1 MeTOAbI HCCJICI0BAHUS

Jlabopamopnvie memoowl usyuenun xu-
MUYECKUX peaKyuil

HccnenoBanu OKHUCIIEHHE XJIOpUAA ILie-
pus (III) u cynedara nepus (II1). B xauectse
OKHUCJINTENS HCIONb30BaI pactBop KMnO4
(1 mMr/100 mut). MccrnienoBanust BBINOJIHEHBI HA
6aze ®I'BOY BO III'MVY wum. akanemuka
E.A. Baruepa (xadenpa nporneaeBTUKi BHYT-
perHux 6onesneit Nel) u OOO «Penepuym».
Peakuuro mpoBoauiIM MyTeM CMEIINBAaHUS pac-
TBOPOB IIPU KOMHATHOM TeMIIEpaType.

PactBop xnopuna nepus (I11) roroBunu
IIyTEM PACTBOPEHUS XHMHUYECKH YHCTOTO
CeClz cemuBognoro, mpousBoacteo OO0
"Xumkpadt", B AUCTUIIIIMPOBAHHON BOJIE UIIH
B 0,9% pacTBOpe XJIopHIa HATPUS, TOTOBUIIN
KOHLIEHTpaIuo 1 mr/mi.

PactBop cynwara nepus (I11) roroBunu
IIyTEM PACTBOPEHUS XHMHMUYECKH YHCTOIO

Ce2(SO4)3  BOCBMHMBOJHOTO, IPOU3BOACTBO
OO0 "Xumkpadt", B IUCTHIUIMPOBAHHOMN
Bozie wiu B 0,9% pactBope xsopuaa Harpus,
TOTOBHJIY KOHIIEHTpAaIUio 1 Mr/m.
JIOTIOJIHUTENBHO — HMCIONB30BaIM  pac-
tBopbl 1H NaOH u 1H H2SO4 npousBonctsa
000 «AO PEAXUM».
WccnenoBanus ¢ yuactuem jaboparop-
HBIX JKHUBOTHBIX BBHITIOJTHEHBI Ha 0a3e BUBapHs
HHWJT ®T'BOY BO III'MY wum. akaaemuka
E.A. Barnepa Munszapasa Poccun. M3yuenue
OCTpPOIl TOKCUYHOCTH BBINOJIHEHO Ha J1abopa-
TOPHBIX OCNBIX MBIMAX W OENBIX KpbICax
oboux mosoB. O0IIee KOTMYECTBO )KUBOTHBIX
coctaBmiio 18 mbreii u 18 kpsoic.
Hcnonp3oBanu Mozaenb ocTporo OpoH-
XHUTa, CHOPMUPOBAHHYIO y KPBIC ITyTEM HHTa-
s 1% pactBopa dopmanmna [13]. B uc-
CJIEIOBAaHUU TPUHSIIA ydacThe 18 >KUBOTHBIX
ob6oux mosioB. Kamepa juist uHransmui npea-
CTaBJisIa cOOOM 3KCHUKATOp, 00BEMOM 5 JIUT-
pPOB, UMEIONIUI TPYOKM HJISi IOCTYIIAIOIIETO
BO3/lyXa M OTBEIEHHs BO3Ayxa M3 Kamepsl. K
TpyOKe NOCTyNaroIIel BO3AYIIHON CMeCH MOJI-
KJIo4asid  HeOysai3epHbIil  KOMIPECCOPHBII
UHTAJISATOP C UCIIBITYEMBIM pacTBopoM. MHra-
JSIUI0 POBOAWIU B TeueHHe 20 MUHYT, UC-
MONB3Ysl 5 MII pacTBOpa HCCIEAYEMOTO WIIH
KOHTPOJBHOTO pacTBopa. JKWBOTHBIE ObUIH
pa3ieneHbl Ha JBE€ paBHBIE IO KOIUYECTBY
rpynnbl ciydailHbiM oOpa3zoM. KoHTposnbHas
rpymrna noxyvana TOIbKO OJHOKPATHYIO HHTa-
a0 1% pactBopa dopmanuna. ['pynma
HabOroneHus nmocie uHranauuu 1% pactBopa
dbopManuHa moyydana €KeIHEBHbIC HHTas-
UM HCCIIEAYEMOIO pacTBOpa, COAEPIKALIETO
nonsl uepust (0,35-0,50 wmkr/m), maprania
(10-20 mxkr/m), uunaka (5-7 MKr/i1) u cepedpa
(0,15-0,20 mxr/m) B 0,9% pactBope NaCl. Jle-
4yeOHble MHTAISIMA HAaUWHAIKNCHh B JIEHb (op-
MHUPOBaHHUS MOJIENI OCTPOTO0 OPOHXUTA H BbI-
MONHSINCh | pa3 B JeHb Ha NPOTSHKEHUU
5 nHel. Ha 6-1i 1eHb SKCIIEpUMEHTa )KUBOTHBIX
B3BEIIMBAJIM, MPOBOAWIH APYTUE KOHTPOIb-
HBIC MCCIIEJIOBAaHUS W TOJBEPTalid HBTaHA3UU
MyTeM UX MIOMEIICHUS B KaMepy, COJIEPKalyI0
Tapsl TUIIOBOTO (upa I HApKO3a.
UccnenoBanns Ha 310pOBBIX M OOTBHBIX
MIPOBOAUIINCH HA OCHOBAHHUH MOJTYYEHHOTO T10-
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JIOKUTEJIBHOTO PELICHUs] DTUYECKOrO KOMH-
tera ®I'BOY BO III'MY wuMm. akagemuka
E.A. Baruepa Munsapasa Poccun Ha npoBe-
JICHUE KIIMHUYECKUX HMCIBITAHUN HOBOIO Jie-
kapcTBeHHOTO npernapara (IIpotokon Ne 12 ot
23.12.2021 r.). UccnenoBanus 3aperucTpupo-
BaHO B MuHucTepcTBe 3paBooxpanenus Poc-
cutickoir @enepanuu Ne 123062200020-2, BbI-
nonHsuuch Ha Oaze ®I'BOY BO III'MY
uM. akajiemuka E.A. Barnepa Munzapasa Poc-
cuu u 'AY3 IIK I'Kb Ne4 r. [1epmu.

[Inan kIMHUYECKOW ampoOauy BKIIIO-
yai: 1) ompeneneHue O€30MaCHOCTH Tpena-
para Ha 37I0pOBBIX BOJIOHTepax (48 denoBek);
2) KIIMHUYECKYIO anpoOanuio 3pPeKTUBHOCTH
B (opMe CpaBHUTEIBLHOTO HCCIEIOBAHUS C
BrroueHreM 101 manuenTa ¢ OCTpbIMHU BUPYC-
HBIMH PECIIUPATOPHBIMU 3a00JIEBAaHUSIMU, BHE-
OOJIbHUYHOW TTHEBMOHHWEH, OpOHXHAIHHON
aCTMOH, XpOHHUYECKO OOCTPYKTUBHOI Ooses-
HBIO JICTKHUX M XPOHHUYECKHM JAePOPMHUPYIO-
UM OpPOHXHMTOM C €IMHUYHBIMU LIMIUHAPU-
YECKUMHU OpOHXO3KTa3aMH. YCIIOBHUEM IIpOBeE-
JeHUS KIIMHUYECKOM arpodaruu ObLIO MOAMHU-
CaHHO€ MH(OPMUPOBAHHOE COITIACHE.

Knunndeckyro anpoOaiuio BBITOTHSIIH
Ha JI0OpOBOJIBIIAX B CAEAYIOMUX KIMHHYECKUX
rpymnmnax:

1. Tpynma mnOpakTHYECKH 3T0POBBIX
nuu B Bo3pacte 19-61 net, m 5, x 16, monyuas-
IIMX MHTpaHa3ajIbHbIN cripeil Penepuym A 1o
1 no3e 2 paza B A€Hb HA IPOTSKEHUU 5 THEH.

2. Tpymnma mpakTHYeCKHd 3I0POBBIX
nun B Bo3pacte 19-61 ner, m 11, x 16, nomy-
YaBIIUX WHTAJSIIUYU npenapara Penepuym de-
pe3 KOMIpPECCOpHbIN HeOynai3epHbIi WHTAIIS-
TOp B 00beme 5 M Ha | mHranauuio 1 pas B
JICHb Ha IPOTSKEHUU S THEM.

3. Tpymma 6omsaBIx OPBU 6e3 nacH-
TUGUKAIMKU BO30OyauTedss B (GopMe pHHMTA,
(dapunruTa, OpoHXUTa B Bo3pacTe 22-64 ner,
M — 12, ) — 21, nmony4aBmIUX MHTpaHa3aJlb-
HbII cripedt Penepuym A mo 1 nose 2 pasa B
JICHb Ha IPOTSKEHUU S THEM.

4. TIpynma OonpHbix OPBU 0e3 unen-
TUGUKAIMKA BO3OyaUTENs] B (OpME PUHHTA,
(dapunruTa, 6poHxuTa B Bo3pacte 21-67 ner,
M — 9, x — 11, mony4yaBmmMx CUMIITOMAaTHYeE-
CKO€ JICYCHHE Ha3aJIbHBIMU JCKOHTECTaHTAMH,

a Takke MHTpaHazaibHbld crnper 0,9% pac-
TBOpa  XJjiopujaa Harpus  (KOHTpOJIbHAs
rpyIIa).

5. [I'pymnma GonbHBIX, IEPEHECHINX KO-
poHaBHpYyCHYIO HH(EKLHI0 B (hopMe THEBMO-
HUU ¢ POPMHUPOBAHHEM TOCTKOBUIHOTO CHH-
JpoMa MpU HAJUYUU YMEPEHHO BBIPAKEHHOI
TUIOKCUYECKOW JbIXaTeIbHOW HEAO0CTAaTOYHO-
ctu (SpO2 88-95%) u HapylIeHUH TOJEPaHT-
HOCTH K (pu3nyeckoit Harpyske. Bospacr 23-59
aet, M — 9, % — 12. bonbpHbIe MOTyYaau UHra-
asuK npenapara Penepuym uepes kommpec-
COpHBII HEOYITal3epHBIA HHTAISITOP B 00BEMe
5 mn Ha | unransamuio 1 pas B eHb Ha IPOTSI-
KCHHH 5 JTHeW Ha ()OHE CTaHIaPTHOH Teparvu.

6. Ipymnma GONIBHBIX, MEPEHECHINX KO-
pOHaBUPYCHYIO HH(]EKIHIO0 B GOpME TTHEBMO-
HUU ¢ (POPMHUPOBAHHEM MOCTKOBUIHOIO CHUH-
JpoMa TMpU HAJIUYUU YMEPEHHO BBIPAKEHHOM
TUMOKCUYECKOW JbIXaTeIbHOW HEAO0CTAaTOUYHO-
ctu (SpO2 88-95%) u HapylIeHUU TOJIEPAHT-
HOCTH K u3ndeckoit Harpy3ke. Bospact 19-63
net, M — 11, % — 16. bonbHBIEC MOTYyYann CTaH-
JApTHYIO TePaNuI0 WHTAISIUOHHBIMU TITHOKO-
KOPTUKOUJaMU B KOMOMHAIUU ¢ OeTa2-aroHu-
CTaMU B CPEJHUX TEPaNeBTUYECKHUX J03aX, a
take uHramsuu 0,9% pactBopa xyopuaa
HaTpus MO 5 MJ Yepe3 KOMIPECCOPHBIN HeOy-
JaN3epHBIN MHTAIATOP 1 pa3 B A€Hb HA IPOTH-
KEHHH He MeHee 5 JgHell (KOHTpoJbHas
rpymnmna).

[Ipumensii  cpaBHUTENbHBIN, Mapa-
JENbHBIA, PAaHJIOMHU3UPOBAHHBIA, OCJIEIICH-
HBIN AN3aiiH KIIMHUYECKOTO UCCIIEIOBAHNUS.

I’pynma mpakTU4decku 3I0POBBIX JIHII,
MOJTyYaBIIUX WHTANSIUOHHBIN mpemnapar Pe-
HepuyM, OblIa TIpEICTaBlieHa CTYICHTAMH
®I'BOY BO III'MY uMm. akanemuka E.A. Bar-
Hepa Mun3zapasa Poccun, a Takke B3pOCTBIMU
3I0POBBIMU BOJIOHTEPAMU 2-TO 3pPENIOr0 BO3-
pacta pa3nuvHbIX npodeccuii. Becero obcrme-
JI0OBaHO 48 uenoBek, U3 HUX 16 MyxuuH u 32
JKEHIIMHBI B Bo3pacte 19-61 ner. Bee ywacr-
HUKH UCCIIEIOBAHUS MOAIHCAINA UHPOPMUPO-
BaHHOE COTJIACHE.

Kpurepuu BKIItOUEHUSI COOTBETCTBOBAIN
HaJIMYHUIO 3a00JICBaHMS U TIOJIMTUCAHUIO I00PO-
BOJILHOTO HMH(OPMHUPOBAHHOTO COTJIACUsl Ha
y4acTHe B HCCIIEIOBAaHUH, 0003HAYCHHOTO JIJIs
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rpynmnsl uccienoBanus. Kpurepuu uckitode-
HHUSL: TSDKEJIOE€ TEYEHUE OCTPOro PECIHUPATOP-
HOTO 3a00JIeBaHUs, HAJIMYUE OCTPOU JbIXa-
TEJIbHOW HEJAOCTATOYHOCTH, JINXOPAJKa BBIIIE
37,1 °C, KTMHUYECKUE CUMIITOMBI CEPICYHOM,
IIOYECYHOM, IIEUCHOYHOM HEJOCTaTOUYHOCTH,
CHUHJIPOMBI LIUTOJIM3a U XOJeCTa3a, KaXxeKCUH,
MCUXUYECKUX WM TOBEACHYECKUX Hapyllle-
HHUM, QJIKOTOJIbHOW WM  HApKOTHYECKOU
3aBUCHMOCTH, HapylIeHUH CEpAEYHOTO
puTMa, XpOHHMUYECKas  OoOJIe3Hb  MOYEK,
caxapHbIi nuadeT, 3a00JIeBaHUsI IIEHTPATBHON
HEPBHOM CHCTEMBI, YHAOKPUHHBIX KEJIe3, M-
MYHOAEC(UIIUTHBIE COCTOSHHS, KOTHUTHBHBIE
HapylICHUs, HAJIUYUE JIPYroll KIUHUYECKH
3HAYUMOM COMAaTHYECKOM IMATOJIOTUH HIIM MO-
TUBHUPOBAHHBIA OTKa3 OT y4acTHs B HCCIIENO-
BaHUHU, a TaKXKe JCTCKUU WU CTapuyeCKUiu
BO3pacT.

OlLieHUBaJIU BBIPAKEHHOCTD OJIBIIIIKH T10
mkayie bopra, ”HHTEHCUBHOCTb KalllJIs IO BU3Y-
aJbHO-aHAJIOTOBOM IIKaJIe, TOJIEPAHTHOCTh K
(du3nUeckoil Harpy3ke Ha OCHOBAaHUU BH3Y-
aJbHO-aHAJIOTOBOM  IIKaJbl, NpPUHUMAS 3a

10 GanioB — CIOCOOHOCTH IIEPEHOCUTH Ype3-
MepHbIe pu3nueckue Harpy3ku, 0 — Hecrocoo-
HOCTb OJIETHCS M BBITH U3 A0MA.

OneHka AMHAMMKU CUMITOMOB IPOBO-
nuiack Ha ocHoBe mikan Jlukepra (Ta6m. 1, 2).
Bce OonbHble, nEpeHECIIE KOPOHABUPYCHYIO
nHQeKIuUIo, 00CIeI0BaHbl B YCIOBUAX CTallU-
OHapa  IyJIbMOHOJIOIMYECKOIO  OTIEJICHUS
I'AY3 IIK I'Kb Ne 4 cormacHo BpemeHHbIM
KJIMHUYECKUM PEKOMEHJAIUAM: MpoHUIIaKk-
TUKA, TUarHOCTHKA U JIEUEHUE HOBOM KOpOHa-
BupycHoi undekiuu (Covid-19). Bepcus 15
(22.02.2022) u BpemeHHBIM METOAMYECKUM
pexoMeHAauusAM: MeauuuHcKas peaOuinTa-
[Usl IPA HOBOW KOPOHABUPYCHOW MH(EKIHU
(Covid-19). Bepcus 2 (31.07.2020). [14, 15].

JomnonmauTensHo 10 manmueHTOB OCHOB-
HOM rpymnbsl U 11 W3 rpynmbl CpaBHEHMS
(rpynmna 6, nosyuasiunx uHraysnuu 0,9% pac-
TBOpA XJIOPUA HATPHs1) UCIIOJIb30BAJIA CMapT-
gacel Amazfit U Bip Pro ¢ pyskimsiMu onieHKH
carypauuu kucnopoaa, YCC, nuctaHuuu
MPOHJEHHOIO MyTH, KOJIWYECTBA 1IAroB, Ipo-
JOJKUTENIBHOCTH U (ha3bl HOUHOTO CHA.

Tabnuya 1

IIkana ouenku 3¢ dexTuBHOCTH Npenapara Penepuym — cnpeii A5 Hoca

Table 1

Evaluation scale for the effectiveness of the drug Renerium — nasal spray

o'

CHUMIOTOMBI
n/n

Onenka

5|14 |-3|-2|-1]0 |1 |2 [3 |45

YMeHbllIeHHE HACMOpKa

‘YMeHbIIIeHnEe 3a105)KEHHOCTH HOCa

YMeHbllIeHUE 3ya B HOCY

YMeHblIIeHHEe YUXaHUs

Hoc cran gpimats ¢cBOOOIHO

[TosiBunKMCh HEOOBIUHBIE ONIYIICHHSI B HOCY

bosib B ropsie crana MeHblle

Vcuesnu 3aTpyiHEHUS NP TJIOTAHUU

O (N |O|~WiIN|F-

TTossBunmCH HCTIPUATHBIC OILYHICHUA B TOPJIC

=
o

HNcuesna moTpeOHOCTH B IPUMEHEHHH APYTHX TIpe-
rmapaToB JJId JICUCHUA HOCA, TTIOTKHU W/ ropTaHu

[Ipumeuanne: Onncanue oTeeta: -5 — CoBepIieHHO He BepHO; -4 — He BepHO; -3 — He BepHoO; -2 — He BepHO; -1 — Kaxercs,
He BepHO; 0 — He m3MeHmsoch; 1 — Kaxkercs, uto BepHO; 2 — BepHo; 3 — BepHo; 4 — BepHo; 5 — CoBepiieHHO BEpHO.
Note: Description of answer: -5 — Completely incorrect; -4 — Incorrect; -3 — Incorrect; -2 — Incorrect; -1 — Doesn't seem
right; 0 — has not changed; 1 — Seems to be true; 2 — True; 3 — True; 4 — True; 5 — Absolutely true.
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Tabnuya 2

lkaya OeHKN JTMHAMUKHA CUMIITOMOB PeCIIUPATOPHOTO 3a00/1eBaHuUsl
1o/l BJMSIHUEM HMHTAJSIHIHOHHOIO0 npenapara Penepuym

Table 2

Scale for assessing the dynamics of symptoms of a respiratory disease under the influence
of the inhalation drug Renerium

Ouenka 3¢pexTuBHOCTH Npenapara Penepuym (HeOynaiizep)

®dHUO nmanmenrta

ﬂaT])I JICUCHHUHA: C mo

Hcropus 6one3nn Ne

OrtBeuas Ha BOIPOCHI aHKETHI, YKAXKUTE, HACKOJIBLKO Bbl COIIACHBI (HOJ'IO)KI/ITCJ'II)H&H IIIKaJ'Ia) WK HC COTJIaCHBI (OTpI/IHa-
TCIIbHasA mKana) C YTBCPKACHUECM. Ecnu BBIPAKCHHOCTH CUMIITOMAa HEC U3MCHUJIACh YKAKUTC ((0)), €CJIn CUMIITOM OTCYyT-

CTBOBAJI, IPOITYCTHTE BOMPOC.

Ne CuMITOMBI
n/n

OneHka

HpnMeHeHne npenapartra ConmpoBoKIaJI0Ch:

5|4 |-3|-2|-1]|]0 |1 |2 |3 |4 |5

‘YMeHbIIIeHHE OBIIIKH

YMeHbIlIeHHEe Kalllis

YMEHbBUICHUE OTAEISIEMOY MOKPOTBI

YMEHbUICHNE YYBCTBA 3aJI0)KEHHOCTH B IPyAH

‘YMeEHbUICHUE YYBCTBA CAABJICHUSI B IPYAU

YMEHBUICHUE XPUIIOB B IPYU

YMEHbBUICHUE IPUCTYIIOB OJbIIIKU

YBenuuenue Bamieil puznueckol akTUBHOCTH

Oo(NO|O|RWIN|(F-

YMeHbllIeHUE HACMOpKa

10 | YMeHbllIeHHE YYBCTBa 3JI0KCHHOCTH HOCA

11 | YMeHbIlIeHHE 3ya B HOCY WM B HOCOTJIOTKE

12 Hoc cran gpimats ¢cBOOOIHO

13 | IosBuiIKCh HEOOBIUHBIC OIIYIICHUS B HOCY

14 | Boms B ropise crana MeHbIIe

15 | Mcue3nu 3aTpyAHEHHS IIPH TJIOTAaHUH

16 | IosBWIKCH HENIPUSTHBIE OLIYIIEHUS B TOpJIe

17 | Mcuesna moTpeOHOCTH B MPUMEHEHUHU JAPYTUX TIpe-
[apartoB Jisl ICYSHHUS] HOCA, TJIOTKU W/UITH TOPTaHU

18 | CHusmnack WM HOPMAJIM30BaIaCh TeMIlepaTypa
Tena

[Ipumeuanue: Onucanue oreera: -5 — CoBeplieHHO He BepHO; -4 — He BepHo; -3 — He BepHo; -2 — He BepHo; -1 — Kaxkercs,
He BepHO; 0 — He n3meHusoch; 1 — Kaxercs, uto BepHO; 2 — BepHo; 3 — BepHo; 4 — BepHo; 5 — CoBepilieHHO BEpHO.
Note: Description of answer: -5 — Completely incorrect; -4 — Incorrect; -3 — Incorrect; -2 — Incorrect; -1 — Doesn't seem
right; 0 — has not changed; 1 — Seems to be true; 2 — True; 3 — True; 4 — True; 5 — Absolutely true.

Hccnedyemoie
nJeKcol

IIpenapar Penepuym msrorosiaen OOO
«PeHepuym» B renapuHOBBIX (prakoHax Mo 5
MJI TIPO3pavyHOil OecIBETHOM KMIKOCTH, CO-
nepxut pactBop uoHoB uepus (0,35-0,50
MKr/), mapraama (10-20 mkr/m), muaka (5-7
Mkr/1) u cepebpa (0,15-0,20 mxr/m) B 0,9%
pactBope NaCl. PacTBop cTepmiibHBIN, Tpea-
Ha3HA4YeH i1 MHramanuii mo 5 mu 1 pa3 B
nenb. Kypc jiedeHns cocTouT u3 5 HHraJsanum.

WuTpanaszanbHblil cripeil (CpencTBO -
THEHBI JUIs yXOZa 3a IOJOCThI0 HOCA) UMEET

MUHeEpalbHble Kom-

cocTaB, OMM3KUN K MHTAISIMOHHON (hopme C
noOaBleHHEeM TUIpoKapOoHaTa HaTpus (MU-
meBoit coabl), cynbdara wmarnus (20-30
MKI/J), MUHUMAJIBHOTO KOJIMYeCTBa d(QUPHBIX
Macesl MOXOKEBEIbHMKA M OTIMYAETCS MEHb-
UMM CcOfep)KaHueM xJopuaa Harpus. Kun-
KOCTb OecIIBeTHas, MPO3payHasi C JISTKMM 3ara-
XOM MO>KKEBEJIbHUKA, BBIITyCKaeTcst BO (praxo-
Hax-crpet o 10,0 My WM B IMJIACTUKOBBIX
(nakonax c xkanenpHUIEH 10 10, 25 1 50 M.
[Ipenapar npumMensica B popme cripest B
KXyl TOJIOBUHY HOCa HE MeHee 2 pa3 B
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JeHb (IALUEeHT MOI CaMOCTOSITENILHO PETryiu-
pOBaTh KOJMYECTBO pa3 MPHUMEHEHUs IIperna-
para B 3aBUCUMOCTH OT BBIPAKEHHOCTH CUMII-
TOMOB OCTPOTO 3a00JICBaHHUS BEPXHHX JbIXa-
TeNbHBIX IMyTel). MakcuMasbHas 103a cocTa-
BUJIA 5 MJI IIpenapara B CyTKHU.

JUis n3ydeHusl poJId KaXJIO0ro KOMIIO-
HEHTAa Ipernapara 1 UX B3auMOAEHCTBUS ObUIN
M3TOTOBJIEHBI ONBITHBIE IAPTUU MOHO- U JIByX-
KOMIIOHEHTHBIX IIPENapaToB, KOTOPbIE MPUIO-
TOBJIEHbI B BHUJE IPO3PAYHBIX OECIIBETHBIX
pactBopoB 110 10 M1 BO ¢u1akoHaX Ha3aJIbHOTO
cuped. KinHuyeckue HaOMIONEHUS BBINON-
HEHbl Ha Y4YaCTHMKAaX HAayYHOIO KOJIJIEKTHBA,
MMEIOLUX KIMHUYECKUE CUMIITOMBI HETSKe-
JIOTO OCTPOTO PECIUPATOPHOIO BUPYCHOTO 3a-
0oJieBaHMs C IOPAKEHUEM BEPXHUX JIbIXATEIb-
HBIX IyTel 6e3 uaeHTH(GUKaLuu BUpyca Ha oc-
HOBaHMM UX J0OpoBosIbHOTO coracust. [Ipena-
par BBOIWJIM B 00€ IOJOBUHBI MOJOCTH HOCA
o 1-2 1036l B KaXKABIM HOCOBOM XOZ MHOIO-
KpaTHO Ha MPOTSHKEHUM CYTOK TaK, YTOOBI Cy-
TOYHasi fo3a npuobmmkanack k 10 mu mpemna-
para.

Hcnons3oBanu pacTtBop, coaepKamui
CeCl; (n03a nonos Ce*" 0,5 MKr/m), Ha3alb-
eIl cripeit; ZnSO4 (n03a MOHOB Zn*" 5 MK/,
Ha3aJbHbIM crpeil), a Takke KOMOWHUpPOBaH-
HBIN mpemnaparta, coaepxamiuii pactBop CeCls
n ZnSO4 B yKa3aHHBIX J103UPOBKaX.

Cratuctuueckas o0paboTka pe3ylbTa-
TOB KJIMHUYECKOW ampoOaiyy MpoBOIUIACH C
MIPUMEHEHHEM MIPOrpaMMHOTO rakeTa
Statictica 10.0. Yactora BBISABIEHHUS U JUHA-
MUKH CHMIITOMOB OII€HHBajach OTHOCHUTEIb-
HOM BenU4MHON B % K 00I11eMy YHCITy MaleH-
ToB B rpyne. [Ipu o6pabotke mkan Jlukepra
HCTOJB30BAIM TIOJICUET CpeAHeapu(meTnye-
cKoro 3HaueHus 6amnoB. CpaBHUTENbHBIN aHa-
JIU3 MIPOBOJIUIIM C HUCIIOJI30BAHUEM KPHUTEPUS
ManHa- YuTHH.

Pesyabrarbl. JlaGopaTtopHble METOIbI
M3YyYEHHUS XUMUYECKUX PEaKIIH BBITTOIHEHBI C
LIENbI0 OIpEAEIEHUS XapaKTepa B3anMOJEH-
CTBUH MUKPODJIEMEHTOB IIEPEMEHHON BaJICHT-
HOCTH B cucteMe. M3BECTHO, YTO yBEIHUEHUE
CTETIEHH BaJIEHTHOCTU JJIEMEHTAa Ha3bIBaeTCs
OKHUCJICHHEM, a CHWKEHHE — BOCCTaHOBIIE-
HUEM, YTO COOTBETCTBYET IMOHSITHIO OKHCIIH-
TEJIbHO-BOCCTAHOBHUTEIBHBIX PEAKIMNA JBYX U

0os1ee XUMHUYECKUX JIEMEHTOB, OJIUH U3 KOTO-
PBIX SIBJISIETCSI OKUCIIUTEINEM, a JPYToi BOCCTa-
HOBHUTeENIEM. B ycoBUsAX BocnanuTeabHOU pe-
aKIMM U TIATOJIOTUHU CIM3UCTOU 000JIO0UKHU pe-
CIUPATOPHOTO TpPaKTa BO3HUKAIOT PEAKINH
MIEPEKUCHOTO OKHUCIICHHS, TJI€ OJHHM M3 OC-
HOBHBIX OKHCIIMTEJCH SBISETCS CYNEpPOKCUI-
Hbli pagukan Oy [Ipu B3auMoneicTBum ¢ Bo-
JIO CYTIepOKCUIHBIN pajuKal criocobeH oopa-
30BaTh MEPEKUCH BOJOPOJIA:

2 02 +2 HO — 2 H Oz + 02 (1)

B peakuuu mnepekuCHOr0 OKHCICHHS
MPUHUMAIOT Y4acTHE W JPyTrUe€ OKHUCIHTENH,
AKTUBHOCTH KOTOPBIX OOBSCHSETCS HATUYHEM
HECIapEHHOTO HJICKTPOHA HA BHEIIHEM JJIeK-
TPOHHOM YpPOBHE DJJIEKTPOHHOH 000J0YKH
aTroMa KHUCIIOpOZa: THIPOKCHIIBHBIA paJauKall
(HO"); runmpokcun-uon (HOY); TpurierHslit
kucnopon (022); nepoxcua-uoH (027) u oxcua
azora (NO").

100 mn pactBopa KMnOs B kauectBe
OKHUCJIUTENSI CMEHIMBAIA C HUCCIETYyEeMbIMH
pacTBOpaMu B CTEKJISTHHOM CTakaHe. YCTaHOB-
J€HO, YTO TpU CMEIIMBAaHUU PACTBOPOB
KMnO4 ¢ CeCls, B npucyrcteun 1H NaOH,
HaOMIoaeTcss XUMHMUYECKash peakiysi, COIpo-
BOJKIaeMasi ©3BMEHEHHEM PO30BOT0 IIBETA pac-
TBOpa MEpMaHTaHaTa Kajius Ha OypbIil ¢ BbITIa-
JICHHEM OcCajlka KOPUYHEBOTO 1BeTa. Peakuus
OTHCBIBACTCS ypaBHEHHEM:

3 CeCl; + KMnO4 + 8 NaOH + 2 HO =
=3 Ce(OH)4 + MnO; + KCl1 + 8 NaCl (2)

[Ipu cmemmBanuu pactBopoB KMnOy4 ¢
Ce2(S0O4)3, B mpucyrctun 1H H2SOs, mpo-
3pa4yHbId MAJIMHOBBIA PAacTBOp IEpMaHraHara
KaJMsl 3aMETHO CBETJICET, COXPaHssl PO30BBIN
OTTEHOK 03 BBINMAZCHUS Ocajnka. Peaxius
OTIMCBIBACTCS YpaBHEHHEM:

5 Cex(S04)3 + KMnO4 +HaSO4 = Ce(SO4) +
+K2S0O4 + MnSO4 + H,O 3)

OIHOBPEMEHHO C 3THUM B NPHUCYTCTBHU
pactBopa ¢opmanuna (HCHO) B kauectBe
cyOcTpara, IpoTeKaeT PeaKInsi OKUCIUTENEH C
MoJieKylaMu (opMmaliiHa B KHUCIOW cpese,

HaIpuMep:
SHCHO + 4KMnO4 +6H>SO4 = 4MnSO4 +
+2K>S04+5C0O2(ra3)+11H20 (3.1)

Wonsr Ce*" Takxe crocoOHBI OKHCIATH
MOJIEKYJTBI (hopMasnHa:
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HCHO + 4CeCl4 + 2H20 = 4CeCl; +
+4HC1 + CO» (3.2),
U B HEUTpanbHOU cpele 3Ta peakuus COmpo-
BOXKJaeTcs moakucienuem pacteopa (HCI).

OnucaHHble peakuu AEJIarT BO3MOXK-
HBIM MPSMOE OKHCIICHHE (pOpMaTMHA UITH JpY-
roro cyOcTpata Ha BHEIIHEW IMOBEPXHOCTH
KJIeTouHoi MemOpanbl. Ilpu sTOoM cremyer
YUUTBIBATh, YTO JUISI TOJTHOTO OKHUCIICHHUS TIPO-
IYKTOB WHTOKCHUKAIIMM HEOOXOMUMO MPEAro-
JIOKHUTh MEXaHU3M IOCTOSTHHOTO BOCCTAHOBJIE-
HUs okucnutess. Takol MexaHu3M BO3MOKEH,
HampuMmep, MPH pean3alui KojlebaTenTbHON
peakuuu okucnenus Ce (I1I).

[IpencraBiaeHHbIe pe3yibTaThl MOATBEP-
KIAI0T BOBMOXKHOCTH OKHMCIICHUS COJNH LIEPHs
(IIT) c obpazoBanuem ruapokcuaa uepus (IV),
oOpa3yromiero ocaaok (BMecTe C OCaJIKOM
MnO2). Bo Bropom ciyuyae OKHCIIEHUSI COJIHU
uepust (II) mo cynbdara nepus (IV) compo-
BOXKIAJIOCh M3MEHEHUEM IIBeTa pacTBopa. B
OMOJIOTHYECKHX O0BEKTax, Ha IMOBEPXHOCTH
BOCTIAJICHHOH CIIM3UCTON 000JI0YKH OPOHXOB U
MOBPEXKIACHHOTO SMUTENUS C Y4acTHEM CyIie-
POKCHI-aHMOHA, a TAK)KE IPYTUX OKUCIUTEICH
peakius NpuoOpeTaeT BHJ, ONHUCHIBAEMBIN
ypaBHEHHUEM:

Oy
Ce(ll) —»Ce(IV)+02 (4)

A Y
AN T NN
by o LN

W3MeHeHne BaJIGHTHOCTH HMOHOB LEpUS
(IIT) na (IV) noarBepx’aaeT BOCCTAHOBUTEb-
Hble (QaHTHOKHCIIUTENbHbBIE) CBONCTBA HOHOB
uepusi (III), m yka3piBaeT Ha BO3MOXHOCTh
KIIMHUYECKOTO MPUMEHEHUS MHUHEPaJIbHBIX
KOMIUIEKCOB, cojepxanux nonsl nuepus (I111) B
JICUEHUU BOCHAJIUTENbHBIX 3a00JIeBaHUMN pe-
CIIUPATOPHOTO TPaKTa C MOPaKEHUEM dIIHTe-
JMAJIbHBIX KIIETOK.

HccnenoBanne OCTpoil TOKCUYHOCTH C
ydacTHeM J1a0OpaToOpHBIX JKUBOTHBIX Ha MPO-
TsOKeHUM 14 nHel He BBISBHIM, KaKHUX-TH0O0
W3MEHEHUH CO CTOPOHBI OpPraHOB JIbIXaHUS,
TaKk U CO CTOPOHBI BHYTPEHHHX OPraHOB MbI-
e W KPBIC, BKIFOUCHHBIX B AKCIEPUMEHTHI
MIPH MIPEBBIIEHUH TEPAEBTUYECKOMN 103bI MU-
HepaibHOTO KomIuiekca Penepuym B 20 pas.

Pesynbrarel onieHKH Y3PPEKTUBHOCTH Te-
paneBTUYECKON 1036l npemnapara Penepuym B
MOJIEIM OCTPOTO OPOHXHTA y KpBIC, BbI3BaH-
Horo mHraysimuen 1% pactBopa QopmanuHa,
MOKa3ajJy aKTUBHYIO PETEHEPAIUIO AUTETuS,
yYMEHBIIICHNE HH(PUIBTPALIUU CTEHKA OPOHXOB
1 OpOHXHMOJI, BOCCTAHOBIIEHUE CTPYKTYpHI Oa-
3aJIbHONM MeMOpaHbl. (6-i IeHb Mocje Havasa
TEpanuy) MO CPaBHEHUIO C TPYMION KUBOT-
HBIX C OCTPBIM OpOHXWUTOM, HE IMOJYyYaBIIUX
neuenue (Puc. 1, 2).

Puc. 1. Ctpykrypa cTeHKH cpefHero kaanbpa OpoHxa nocie unransuuu 1% pactBopa hopmMainHa.
Oxpacka reMaTOKCHJIMH-203UHOM. YBenudeHue x 400 pas.
Fig. 1. Structure of the wall of a medium-caliber bronchus after inhalation of a 1% formaldehyde
solution. Hematoxylin-eosin staining. Magnification x 400 times.
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Puc. 2. Ctpykrypa cTeHKH cpenHero kaimbpa Oponxa nocie uHransanuu [Ipenapara Penepuym.
Oxkpacka reMaTOKCHJIMH-203UHOM. YBenuueHue X 400 pas.
Fig. 2. Structure of the wall of the medium-caliber bronchus after inhalation of the drug Renerium.
Hematoxylin-eosin staining. Magnification x 400 times.

Knunuueckasn anpobayusn

I'pynna 1 (mpakTU4yeckd 370pOBbIE
muna). Ha MoMmeHT oOciieoBaHus MalMeHTHI
OTPULAJIA HAJUYHUE OCTPOTO PECIUPATOPHOIO
3a0osieBaHUsA, a TAKKe€ XPOHUYECKUX Ooies-
Hed. Tem He MeHee, IPU HHTEPAKTUBHOM
OIpPOCe Yy YacTH OOCIICOBAHHBIX BBISIBIICHBI
€IMHUYHBIE PECIHUPATOPHBIE CUMIITOMBI B
BHUJIC KalllIsA, a TaKKe JIETKME OrPaHUYCHMS
¢bu3nvecKkoil akTUBHOCTHU (CPEAM JIUL BTOPOTO
3pesioro Bo3pacra). B npouecce Tepanuu mpe-
[IapaToM MHTpaHa3albHbIN cripelt Penepuym A
CTaTUCTUYECKHA 3HAYMMBIX U3MEHEHHM CHMII-
TOMOB HE YCTaHOBJICHO. B KOHTpoIbHOI
IpyIIe MpPakTUYECKH 300POBBIX JIAL, W3

21 yenoBeka, TOIBKO B 2-X CiIy4asix ObLIO OT-
MEUEHO MOSIBJICHHE HEOONbIINX CBETIBIX BbI-
JIeTIeHU U3 HOoca Ha ()OHE MPUMEHEHHS Ipe-
napara.

I'pynna 2 (mpakTudecku 310pOBbIE
nauna). B npouecce nHraasmMoHHON Tepanuu
CTaTUCTHYECKU 3HAYMMBIX W3MEHEHHU CHMII-
TOMOB HE YCTaHOBJIEHO, HO B O/IHOM CJIy4ae OT-
MEUEHO  IMOSBJIEHUE  CIA0OMHTEHCHBHOIO
Kaluis ¢ HeOOJIBIINM KOJIMYECTBOM MOKPOTHI
6emnoro 1Bera (He Ooyee 5 MII B CyTKH).

Pe3ynbTaTbl OLEHKM pECIUPATOPHBIX
CHMIITOMOB B TPYTIIIE MPAKTUYECKH 3T0POBBIX
JMII TIOA BIMSIHUEM MHTAJSIMOHHOIO Iperna-
para Penepuym npezcrasieHsl B Tadnune 3.

Tabnuya 3

JAuHaMuKa nokasareJieil B mpouecce peadMJIMTAIMOHHOM NPOorpaMmel. 310poBbie (n=27)

Table 3

Dynamics of indicators in the course of the rehabilitation program. Healthy (n=27)

IIxajabl OEHKH

Tlocjie Jeuenns

Jo aeyenus

3UYECKON Harpy3ke

[Ikana bopra 0,0+0,00 0,0£0,00
BAIII oneHku kamuis 0,0+0,31 0,2+0,49
BAIII onieHky TosiepaHTHOCTH K (u- 930,64 924065

[Tpumeuanue: * — TOCTOBEpHBIE pa3IUIHS B TPYIIIIE.
Note: * — significant differences in the group.

I'pynna 3 (mauueHTsl ¢ OCTPBIM pPECIU-
paTtopHbIM 3a00JeBaHUEM, MOJTy4aBIINE HH-
TpaHa3aibHbIN crpell Penepuym A). Onenka

JTUHAMUKH CUMIITOMOB 3a0o0seBaHus B (popme
OTBETOB Ha BONpPOCHI IIKaibl JIukepra npea-
cTaBJIeHBI B TaOnumax 4, 4a.
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Tabnuya 4
Onenka 3¢ dexTuBHOCTH Npenapara Penepuym — cnpeii 11 Hoca
Table 4
Evaluation of the effectiveness of the drug Renerium — nasal spray
Homep Bompoca M 0 Me 10% 90%

1 2,3 1,35 2,0 0 4
2 2,5 1,74 3,0 0 5
3 0,6 0,94 0,0 0 2
4 0,9 2,33 0,0 0 5
5 15 1,73 0,0 0 5
7 0,0 2,04 0,0 -5 5
8 0,0 0,0 0,0 0 0
10 1,9 2,10 1,0 0 5

Tabnuya 4a

Onenka HekeJIaTeJIbHOIO JeiicTBUs npenapara Penepuym — cupeii 1jst Hoca
Table 4a
Evaluation of adverse effects of the drug Renerium — nasal spray
Homep Bompoca M [ Me 10% 90%

6 -1,7 2,44 0,0 -5 0
9 -1,8 2,49 0,0 -5 0

Pe3ynbTarbl COOTBETCTBOBAIM  yTBEp-
KIECHUSM 00 YMEHBIICHHH 3aJI0)KEHHOCTH
HOCa, HACMOpKA, YMEHBLICHHU KOJIMYECTBa
MPUMEHSEMBIX JIEKAPCTBEHHBIX IMPENapaToB
1151 00JIerYeHUsI HOCOBOTO JBbIXaHUS U OLTyIIIe-
HUIO CBOOO/IBI HOCOBOTO AbIxaHusd. [Ipu aTom y
OOJIBLIIMHCTBA MAIlMEHTOB HE BO3HUKAJIO HE-
OOBIUHBIX OIIYIIEHWH B HOCY WJIM B TopJje, a
UMEIoIIMecs: yKa3aHHble MMOOOUHbIE AEUCTBUS
y 1 yenoBeka HOCUIIN CITa0OBBIPAKEHHBIN Xa-
paxtep (2 6amia o 5-6anbHoil mkane). boib-
IIMHCTBO MAIMEHTOB IOKEJIaJyd IOBTOPHO
IIpUMEHUTh PeHepuym A — crpeill cpencTBo

TUTHEHBI JJI YXOJla 32 MOJIOCThIO HOCA U PTa,
€CJIM BHOBb BOZHUKHYT MPOSIBICHHUS OCTPOTO
pecniuparopHoro 3aboneBanus. Bmecrte ¢ Tem,
3G PEeKTUBHOCTh Npenapara Obljla yMEpeHHOU
y OONBIIUHCTBA OONBHBIX U TOJNBKO 4 mMalu-
eHTa Janu S-0anbHble OLIEHKH A3(PPEKTUBHOCTH
13 5 BO3MOKHBIX 0amoB (20% manueHToB).

I’pymima 4 (rpyrmia KOHTPOJS — MallMeHTHI
C OCTPBIM peCIMpaTOpHbIM 3a00JIeBaHHEM, TTO-
JTy4aBIIUe TPAIUIIMOHHYIO Tepanuio). Pesyib-
TaTbl KIMHUYECKOH S(PQPEKTUBHOCTH TMpea-
CTaBJIEHbI B Ta0nuuax 5 u Sa.

Tabnuya 5
OuneHka IMHAMHKH CUMIITOMOB B KOHTPOJILHOM rpymmne
Table 5
Assessment of the dynamics of symptoms in the control group
Homep Bonpoca M o Me 10% 90%

1 0,6 1,23 0,1 0 2
2 0,5 1,11 0,0 0 1
3 0,3 1,55 0,0 0 2
4 0,3 1,13 0,0 0 2
5 0,5 1,96 0,0 0 5
7 0,2 0,98 0,0 -5 2
8 0,0 0,2 0,0 -4 1
10 0,1 0,57 1,0 0 2
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Tabnuya 5a
Ouenka HexkeJ1aTeJbHBIX 3(P)(EeKTOB B KOHTPOJIbHOM Ipymnie
Table 5a
Evaluation of adverse effects in the control group
Homep Bompoca M o Me 10% 90%
6 -1,1 2,54 -0,1 -4 1
9 -1,2 2,33 0,0 -4 0

PesynbraThl 3¢()eKTUBHOCTH JICUEHUS B
KOHTPOJIBHOH TpyTITie ObLTH COMHUTEIEHBIMH.
I'pyrma 5. OcHoBHas rpymnma O0JIbHBIX
HMMeEJIa TPOSIBJIEHUS HOBOW KOPOHABUPYCHOM
unpexkunu Covid-19 B Gopme mHEBMOHUU C
Bu3yanbHOM ouneHkor KT-kaptuebl rpynHoin
KJIeTKHU 1-3 cTemneHu pacpoCTpaHEeHHOCTH T10-
paxeHusl B MEPUOJl MAKCUMAJIbHON BBIPAXKEH-
HOCTH CHMIITOMOB 3a0oineBaHus. Mmenu me-
CTO CHUMIITOMBI «MaTOBOI'O CTEKJIa», a TaKXkKe
enUHUYHbIE (DOKYCHl KOHCOMUIAINH JIETOUHOM
TKaHU y OTJEJbHBIX ManueHToB. B nepuoxn 06-
clieZIoBaHUs OOJbHBIC HAXOAMIUCH HA JTare

peaduIMTaIliK, UMEIH HOPMaJIbHYIO TeMIIepa-
Typy Te€lla, AbIXAaTeIbHYK HEI0CTaTOYHOCTbD,
MPOSIBIIAIONIYIOCS PA3IHYHON CTEICHBIO CHH-
KCHUA caTypauHH KI/ICJIOpOIIa B TKaHIAX HpI/I
BBINIOJIHEHNH (U3UUCCKOW HArpy3kd B BHUJIC
X0Z1bOBI IO KOPUAODPY, 0 JecTHHLe. Knunuue-
CKHE CHMIITOMBI HOPaKCHHMS BEPXHHUX IbIXa-
TCIBbHBIX HYTeﬁ Ha MOMCHT HpOBeI[eHI/Iﬂ pea-
OMJIMTALMOHHOM MPOrpaMMbl OBLIM HE BBHIpa-
JKCHBI 1 Ha6JIIOIIaJ'H/ICI) y OTACIBbHBIX 60JII)HI>IX.
JluHaMuKa CHMIITOMOB 3a00jIeBaHUs IIPE/-
craBiieHa B Ta0Onuie 6.

Tabauya 6

JAunnamuka nmokasarejei B npouecce peaduJIMTAUOHHON NMPOrpaMMbl
00JIbHBIX OCTPHIMH PeCIUPATOPHBIMH BUPYCHBIMH 3200 1€BAHUSIMU

Table 6

Dynamics of indicators in the course of the rehabilitation program for patients with acute res-
piratory viral diseases

IIxajabl OEHKH

BoJbHbIe, IepeHecIne 0CTPbie BHPYC-

HbIe pecUPaTOPHbIe HH(EKIHH, BKIIIO-

yasi 00abHBIX noce Covid-19. (OcHoB-
Has rpynna, n=21)

BoabHble, epeHecHIne 0CTpbie BHPYC-
HbI€ pecHPATOPHbIe HHPEKINH, BKIIO-
yast 00abHBIX nocae Covid-19.
('pynna cpaBHeHusi, n=21)

Jo aeyenus Iocae Jeyenus Jo gevyenus IMocJie Jieuenust
[Tkana bopra 7,4+1,88 4,3+1,49* 6,9+1,44 6,4+0,78
BAII onenkn 6,2+1,14 2,4+0,11% 5,4+1,59 5,0+1,19
KaLLIst
BAIII onteHkH Toje- 3,3+1,43 7,5+1,69% 4,3+1,62 5,5+1,98%*
PaHTHOCTH K pu3H-
4ECKOM Harpyske
SpO; 90,2+1,12 93,9+1,24* 91,2+0,98 92,1+1,74

[Tpumeuanue: * — TOCTOBEpHBIE pa3IUIHS B TPYIIIIE.
Note: * — significant differences in the group.

HoBb1ll MOHHBIN MHTATALMOHHBIN IIpe-
napar yMEHbIIAJ BBIPAXEHHOCTb OJBIIIKH U
Kalllls, BOCCTaHABIMBAJ TOJIEPAHTHOCTD K Pu-
3U4eckoil Harpyske. OTMeueHB! Cilydau Ipe-
KpalleHHUsI KPOBOXapKaHbsl y OOIBbHBIX HOBOM
kopoHaBupycHoil nngpexuueit Covid-19.

JlnHaMuKa TOTIONIHUTEIBHBIX MapaMeT-
POB 3/10pOBBSI OOJNBHBIX, MOTYYEHHBIX METO-
JIOM yZIaJJIeHHOTO MOHHTOPHHTA C HCITOIB30Ba-
HueMm cmapTt-yacoB Amazfit U Bip Pro, npen-
CTaBJIeHa B Tabnuue 7.
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Tabnuya 7

I[I/IHHMI/IK& 00bEKTHBHBIX NOKAa3aTeJIei YAaJ€HHOT0O MOHUTOPHUHTIA

Table 7

Dynamics of objective indicators of remote monitoring

TMapaveTps1 nadJoenus OcHoBHas rpynna (n=10) I'pynna cpaBHenus (n=11)
Ho nevyenus ocae Ho nevyenus Iocae

4acToTa myJnbca (B MUH.) 102,9+10,4 81,4+7,5* 105,2+11,1 94,0+10,9
MaKcUMaJbHas 4acToTa myJibca 3a 24 132,7+18,3 97,7+5,9* 131,8+14,5 111,8+10,8
gaca (B MHH.)
SpO; (%) 92,1+1,0 95,6+1,3* 91,8+1,6 93,9+1,7
MTPOJOIHKUTEILHOCTh HOYHOTO CHA (JIachl) 4,2+1,3 6,8+1,5* 3,8+2,2 4,5+2.7
KOJIMYECTBO MPOMICHHBIX IIaroB 3a 24 387,8+138,5 701,8+119,1* 370,1+£197.,4 528,7+143,5%
gaca (1aru)

[pumedanne: * — p<0,05 MexTy OCHOBHOI M KOHTPOJIHHOH TpyTITaMu.

Note: * — p<0.05 between the main and control groups.

[IpencraBienHble  pe3yabraTbl  OOBEK-
TUBHOIO YAAJIEHHOTO MOHUTOPHHIA JEMOH-
CTPUPYIOT CYIIECTBEHHOE YIIy4dlEHHE Iapa-
METPOB 3710POBbsI y OOJIBHBIX OCTPHIMHU PECIIU-
paTopHbIMU  3a00JIEBAaHUSIMM, IOJTYYaBIIUX
npenapar PeHepuym B MHrajusinusix Ha 3Tamne
peaduIuTaIU Y.

JluHamMKKa pEHTI€HOJIOTMYECKOW Kap-
THHBI OPraHOB TPYIHOM KJIETKH IO JaHHBIM
KOMIIBIOTEpHOU TOMOTpaduu MpocCiekKeHa y
16 GonbHbIX. OTMEuUaeTcs yMeHbIlIeHHE 00b-
eMa MOpaXeHHUs JIETOUHOM TKaHU 3a CYeT Te-
HeH I10 TUITY «MAaTOBOIO CTEKJIa» U PETUKYIISP-
HBIX H3MeHeHu#. B ciywasx mnpeoGnagaHus

HHTEPCTUIIMATIBLHOTO (UOpO3a, 04aroB KOHCO-
JUJAUUHA CYIIECTBEHHOM MOJIOKUTEIbHON U~
HaMHUKH HE BbIABIICHO. Haumbosee BwIpakeH-
HBIE TIOJIOKUTEIIbHBIE PE3YJbTaThl JICUCHUS
HaOIIONATUCh Y OOJIBHBIX, UMEBIIHUX MOpake-
HUE JIETOYHOM TKAHU 1-2 CTEIEHHU 10 JaHHBIM
KT-uccnenopanus, npu HeyOeIUTENbHBIX pe-
3yJIbTaTax JIeYeHHs1 OOIBHBIX, UMEBIIUX 3 CTe-
MEHb PAcCHPOCTPAHEHHOCTH MOPAKEHUs JIer-
kux nocie Covid-19.

Pesynbrarel mpumeHeHus mkansl JIu-
KepTa B IpyIie OO0JIbHBIX, MOTYYaBITUX WHTa-
nsuuu npenapara Penepuym, npeacTaBieHsbl B
Tabmunax 8 u 8a.

Tabnuya 8
Ouenka 3 peKTUBHOCTH HHTAJISILIUOHHOIO npenapara Penepuym
Table 8
Evaluation of the effectiveness of the inhalation drug Renerium
Homep Bonpoca M () Me 10% 90%
1 39 1,35 2,0 2 5
2 3,6 131 2,0 2 4
3 4,5 1,12 2,0 0 5
4 4,9 0,28 50 4 5
5 15 1,73 0,0 0 5
6 2,4 2,58 2,0 1 5
7 2,1 2,32 2,0 1 5
8 4,7 0,39 4,0 3 5
9 29 1,33 2,0 1 4
10 3,1 2,41 3,0 1 5
11 0,5 0,98 0,0 0 3
12 2,5 1,27 2,0 1 5
14 0,1 2,87 0,0 0 5
15 0,2 2,54 0,0 0 5
17 4,2 2,22 4,0 0 5
18 4,7 0,79 50 4 5
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Tabnuya 8a
OneHka HeKeJIaTeJIbHOIO0 AeliCTBUS HHIAJSIHOHHOIO Npenapara
Table 8a
Evaluation of the undesirable effect of an inhalation drug
Homep Bompoca M 0 Me 10% 90%
13 -2,9 2,12 -1,0 -5 0
6 -4,1 2,44 -2,0 -5 0

Pesynbrarel cyObeKTUBHON OICHKH 3(-
(GeKTUBHOCTH U 0€30MaCHOCTH HMHIAJIALUOH-
HoOro mpemnapara PeHepuyMm y OOJBHBIX OCT-
PBIMH PECIIUPATOPHBIMH BUPYCHBIMU 3a0o0J1e-
BaHHUSIMH, BHCOOJBLHHYHON  ITHEBMOHHEH,
OponxuanbHoii actmoii, XOBJI u xponuue-
CKUM Je(POPMUPYIOIIMM OPOHXUTOM MOKA3aJIl
XOPOIIYIO EPEHOCUMOCTh U OTCYTCTBUE CEPb-
€3HbIX HEXEJIaTEeJIbHbIX NEHCTBUH, BBISIBIICHBI
eIMHUYHBIE cliyyau (3) HENPHUITHBIX OIIyIle-
HUil B HOcornoTke. Knmmanveckas 3¢dexrus-
HOCThb  XapaKTepU30BaJacCh: YMEHbIICHHEM
YyBCTBAa 3aJI0)KEHHOCTU B I'PYyAH, YBEIUUECHUE
(bu3n4ecKoil aKTHBHOCTH, YMEHbILIIEHUEM 00b-
eMa OTHENIsIEMON MOKpOTBI, CHUKEHHEM HH-
TEHCUBHOCTH KalllIsl ¥ OJIBILIKH, TOTPEOHOCTH
B TNPUMEHEHUH JpPyTUX [pernaparoB JUIs
YMEHBIIIEHUS CUMITOMOB PECITUPATOPHOTO 3a-
OoJieBaHMsl, IPYTUMU MTOJIOKHUTEIBHBIMU CJIBU-
ramMy KJIMHUYEeCKOW KapTUHBI 3a00J1€BaHMUSL.

I'pynna 6. Pe3ynbrarsl nedeHus: 0oib-
HBIX KOHTPOJIbHOM IpyHIbl MPOJEMOHCTPUPO-
BaJIM HU3KYI0 3(p(peKTuBHOCTH 5-U JAHEBHOTO
Kypca MHTaJSUOHHBIX NIIOKOKOPTHUKOUIOB B
coderanuu ¢ wuHramusamu 0,9% pactsopa
XJIOpUJA HaTpUsl IPU OCTPBIX BOCHAIUTENb-
HBIX 3200JIEBAaHUAX OPTraHOB JIbIXaHHUS.

Ipgexmusnocmv u 6He3onacnocmo
OmoenvHbLlX  KOMNOHEHMO8  npenapama
Penepuym

IIpenapar Penepuym mmMmeer npuponHoe
npoucxoxkaeHre. OCHOBHBIMH  KOMIIOHEH-
TaMH, ONPEAEIAIOMUMU 3PPEKTUBHOCTH Mpe-
naparta, seiustorcs nousl Ce*’, Zn?", Mn"" u
Ag'. Jlns usydeHHs pOJU KakKIOrO KOMIIO-
HEHTAa Iperapara U X B3auMOJEHCTBUS ObLIH
M3TOTOBJIEHBI ONBITHBIE TAPTUU MOHO- U JIByX-
KOMITOHEHTHBIX NpenapaToB, KOTOpPbIE MPUTO-
TOBJIEHbl B BHUJE IPO3PAYHBIX OECIIBETHBIX
pactBopoB 1o 10 My BO (irakoHax Ha3aJIbHOTO
cnpesi. KimnHuueckue HaOMIOACHUS BBINOI-
HEHbl Ha y4aCTHMKAX HAyYHOI'O KOJIJIEKTHBA,

MMEIOLUX KIMHUYECKUE CUMIITOMBI HETSKe-
JIOTO OCTPOI0 PECIUPATOPHOIO BUPYCHOIO 3a-
0oJieBaHMs C IOPAKEHUEM BEPXHUX JIbIXATEIIb-
HBIX IMyTeld Oe3 MAeHTH(UKALUU BUpyca, Ha
OCHOBaHUU UX A00pOBOJILHOTO coriacust. [Ipe-
napat BBOAMJIM B 00€ ITOJIOBHUHBI ITOJIOCTH HOCA
o 1-2 1036l B KaXKABIH HOCOBOM XOJ MHOIO-
KpaTHO Ha MPOTSHKEHUM CYTOK TaK, YTOOBI Cy-
TOYHasi J103a mpuommkanack Kk 10 mu mpena-
para.

Pe3ynprarel IpuMEHEHHUS] MOHOCOJIEBBIX
npenapaToB B (hopMe Ha3aJbHOTO crpes (Ipe-
napar CeCls (mo3a uonos Ce*" 0,5 mkr/m),
Ha3anbHEI cripeit; ZnSOs (1032 MOHOB Zn?'
5 MK/, Ha3aJIbHBIN CHIpeil), a Takke KOMOu-
HUPOBAHHOTO npenapara, cogepsxariero CeCls
u ZnSQO4, HAIIAOHO ITOKA3aJIH, UYTO KIMHHYE-
ckuii 3(p(HEKT MPOMOPIMOHANIEH KOJUYECTBY
KOMIIOHEHTOB COJIEBOTO PacTBOpPa, €1ab0 BbI-
paXeH MpH HUCIIOJIIb30BaHUU MOHOKOMITOHEHT-
HBIX IIpernaparoB, MpakTH4YecKku B 2,5-3 pasza
BBIIIIE B CIIyyae NPUMEHEHUs1 KOMOMHAIH CO-
nei nepus u uuHka. [Ipu cpaBHeHMM C JaH-
HBIMM, MPEACTAaBIEHHBIMU B Tabn. 4 u 4a c
IPUMEHEHNEM KOMIUIEKCHOTO IIperapara, co-
JIeprKalllero MOHBI 1epus, [IMHKA, MapraHua u
cepebpa, oTMeuaeTcs MPEeUMYILIECTBO MHOIO-
KOMITOHEHTHOTrO mpemnapara. [losiBnenue ner-
KHX HEOOBIUHBIX OLIYUIEHUH B HOCY WJIM He-
MPUSATHBIX ONIYHIEHUH B TOpJ€ OTMEUEHO Yy
€IMHUYHBIX MAlUEHTOB 0€3 Pa3Iuuuil Mex1y
rpynnamMu OOJbHBIX.

O0cyxkaenne. KoMiuiekc npoBEAEHHBIX
JNOKJIIMHUYECKUX HCCIEeIOBaHUM W KIMHHYe-
CKOM ampoOammu mpenapata Penepuym B
(hopMe MHTaNSIMA ¢ TOMOoIIbI0 HeOynaiizepa u
Ha3aldbHOM (hOpMBbI YOEOUTEIHHO IMPOAEMOH-
CTPUPOBAJIM €T0 MPOTUBOBOCHAIUTEIbHBIE U
pereHepaTropHble CBOWCTBA B OTHOLIEHHM pe-
cnuparopHoro snurenus. Knunuueckas -
(EeKTHUBHOCTh TOKa3ajia BIUSHUE TOJIBKO MU-
HEepaJbHOI'0 KOMILJIEKCA, HO HE OT/IEJIbHBIX €T0
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KOMITIOHEHTOB.  [lomyueHHBIE  pe3yNbTaThl
MOXHO OOBSCHUTH B3aUMOJICHCTBHEM KOMIIO-
HEHTOB MUHEPAJILHOTO KOMIUIEKCa APYT C IpY-
T'OM, a TAaKXKe C KOMIIOHEHTaMH CIIM3UCTON 000-
JIOYKH U CEKpeTa JIbIXaTeabHbIX myTel. Kak u3-
BecTHO, noHbl 1epus (III) nposBustor BoccTa-
HOBUTEIIbHBIE CBOICTBA B IPUCYTCTBHE OKHUC-
nurens u B mape Ce**/Ce*" [16]. B Tom uncie,
CTIIOCOOHBI K JTMMHUHAIMY CYIEPOKCH]] aHUOHA
U IpyTUX OKUCIHUTENeH. Perymsius nporeccos
MEPOKCHIAIIMH MOKET IIPOUCXOUTD B 00JIaCTH
KJIETOYHON MeMOpaHbl, 4TO BIUSET HA COCTOS-
HUE PELENTOPHOrO MOoJI KIETKHU, HA ypOBHE
MUTOXOHAPUH, I7Ie U30BITOK KHCIOPOIHBIX pa-
nukanoB nogasiisier cuaTe3 AT®, u B obimactu
s1Ipa KIETKH, I1Ie KUCIOPOIHbIE PaIuKabl MO-
I'yT OBITh MPUYHHON OIMHMOOK PEIyTTUKAIIIN
JIHK [17, 18, 19].

[IpoBeneHHbIE HAMHU MPOCTHIE XUMUYE-
CKHE PeaKIMH C y4YaCTHeM HMOHOB Iepus MOJ-
TBEPK/Ial0OT BOCCTAHOBUTEJIbHBIE CBONCTBA
nonoB 1iepus (III). IlpemnokenHas rumoresa
TaK)K€ COOTBETCTBYET MOJyUYEHHBIM KIMHUYE-
CKMM JaHHBIM. TeM He MeHee, «OBICTPBIN»
KIMHUYECKUH  3QQPEeKT  MHTaISIIUOHHON
¢dbopMBI TIpernapara, BO3MOXKHO, Oojiee BbIpa-
YKEHHBIH, YeM TIPH UCTIONH30BAHUU APYTUX aH-
TUOKCUAAHTOB. [IpsSMBIX CpaBHUTEIHHBIX HC-
CJIEJIOBAaHUN HE MPOBOAMIOCH, HO TEOpETHYE-
CKoe 000CHOBaHHE TaKoro 3 deKTa 3aKiroyda-
eTcsi B ciayyae peanusauuu peakuuu berno-
ycoBa-)KaOoTHHCKOTO  (aBTOKOJIe0aTeTbHBIX
OKHUCJIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIU)
B CHUCTEME XMMHUYECKHX 3JIeMEHTOB. llepBslii
3TaN peaklMM KaTaJu3upyeTcss HOHAMHU LepHs
(IIT) ¢ obpazoBanuem nonos uepus (IV) xoto-
PBIH 3aT€M MOXET B3aUMOJEHCTBOBATh C HEKO-
TOpBIMU cyOcTparamMu (B HAIIUX HCCIIEI0Ba-
HUSIX UCIOJIB30BaH pacTtBop dopmanuna 1%),
a TakXKe KOPOTKOIICTIOUCYHBIMHU IKHUPHBIMH
KHCIIOTaMH, HanpumMep, OpoMaIoHOBOM KUCIIO-
toii (CHBr(COOH),), kak 3T0 ObLIO MOKa3aHO
B KJlaccuueckux Tpyaax A.M. XKabGortunckoro
[20]. Peakuust MOXXET TOPMO3UTHCSA HAKOILIE-
HueM noHoB uepus (IV) u tpeOyer ero anumu-
HaIllUU TyTeM B3aUMOJCHCTBUS C JPYTUMH
cyOcTparamMu WM 00pa3OBaHMEM OKCHJIA.
[IpenmnonokeHre 0 BOSHUKHOBEHUH aBTOKOJIE-
OarenbHBIX XMMHYECKHX IPOIECCOB C Yy4a-

CTHEM HMOHOB LIEpHsI JOMYCKAET BHICBOOOXKIe-
HUE 3JIEKTPOHOB, HEOOXOAMMBIX JJISI pabOTHI
EKTPOH TPAHCIOPTHOM CHCTEMBI BHYTPEH-
HEell MUTOXOHIpUAJIbHON MEMOpaHBbI, M HAKOII-
nenust ATO B kieTke.

[IpennoxeHHble MUHEPAIBHBIE KOM-
TJIEKCHI AJIs JICYEHUS pecIupaTopHbIX 3a0oIe-
BaHUW OTVIMYAIOTCSI OTCYTCTBUEM OCTPON TOK-
CHUYHOCTH U XOPOULIEH IEPEHOCUMOCTBIO C PElI-
KUMHU HEXKENAaTeJIbHbIMU SBICHUSMU B BUIE
HEOOBIYHBIX OUIYIICHUH B HOCY WM B TOpIe, a
TaKk)kK€ HEMHTEHCUBHOTO Kaluiid ¢ HEOOIbIINM
KOJINYECTBOM MOKPOTBI, KOTOPBIE 110 YacTOTE
BO3HMKHOBEHHUSI HE OTIMYAJIUCH OT MpPUMEHE-
Hua 0,9% pactBopa xJjopuja Harpus, U
Habmonanuck B 3-x ciydasx u3 101, Bkiiroyas
MIPaKTUYECKH 3I0POBBIX JIMILI, MOTYYaBIIUX UC-
cienyeMble popmbl penapara Penepuym.

3akiarouenune. Pe3ynbrarhl KOMILIEKC-
HOT'O, SKCIIEPUMEHTAJIBHOTO U KJIMHUYECKOTO,
HCCIIEIOBAHUS MPOAEMOHCTPUPOBAIIN BhIpa-
JKEHHbIE MPOTHUBOBOCHAIMUTENIbHBIE U pEreHe-
paTopHbIE CBOICTBA HOBOIO MHUHEPAJIBLHOTO
KOMILIeKca B coctaBe noHOB 1iepus (III), map-
ratiia, MHKa U cepedpa, MEXaHU3M KOTOPBIX
00yCIJIOBJIEH pEeryisilueil OKHCIUTEIbHO-BOC-
CTaHOBMTEJIbHBIX PEAKIIMH.
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Pesrome

AkTtyanabHocTh: [1o Menb1ieit Mepe 25-30% nanueHTOB ¢ OHKOJIOTHYECKUMHU 3a00JIEBaHUSIMU CTPa-
JAl0T TICUXMYECKUMH PacCTPOUCTBAMM, B CBSI3U C YeM IICUXOTPOIHBIE MpenapaThl yKe T0CTaTOYHO
JIABHO H YCIIEIIHO UCIIONB3YIOTCS B OHKOJIOTHH. [IcnxodapMakonornyeckre mpenaparsl TakKe MpH-
MEHSIOTCSI B KaUeCTBE OCHOBHOI'O MJIM BCIIOMOTAaTEIbHOIO CPECTBA JUISl JIEUEHUsI CUMIITOMOB, CBSI-
3aHHBIX C CAMMM OHKOJIOTHYECKHM 3a00JI€BAaHUEM U € TOOOYHBIMU 3 heKTamMu Tepanuu (HapymeHus
CHa, TIOTeps amIeTuTa, 60J1b, TOIIHOTA, YCTAIOCTD U JIp.). Mcronp30BaHNe ICUXOTPOIHBIX MTpenapa-
TOB JJa€T BO3MOKHOCTh TOYEYHO BO3/ICHCTBOBATH HA CHMITTOMBI, KOTOpbIE HETaTHBHO BIIUSIOT Ha Ka-
YeCTBO JKU3HHU NMAIMEHTOB. BmecTe ¢ TeM, Ipu Ha3HAaYeHUH ICUXOTPOITHBIX MPENapaToB CyIIECTBYIOT
poOJIEMBI JIEKAPCTBEHHBIX B3aUMOACHCTBUN U TOO0UYHBIX dhdexToB. Llesan uccaenoBanus: Llenpro
UCCIIEIOBAHMS SABJISUICS aHAINU3 MPUMEHEHHUs NcuxopapMaKkoTepanuy B OHKOJIOTHUECKONW MPaKTHKE
IUTSL JIEYeHUST KOMOPOUIHBIX TICHXUYECKAX PACCTPOMCTB M CHMIITOMOB, CBSI3aHHBIX C OHKOJIOTHYE-
CKUMHM 3a00sieBaHUSAMH. Takxke OblI MpOBeJIeH aHau3 MOOOYHBIX 3P PEKTOB U JTEKAPCTBEHHBIX B3a-
UMOJICHCTBUHN MCUX0(PapMaKOIOTHUECKUX M OHKOJIOTHIECKUX TTpenapaToB. MaTepHaJsibl U METOIbI:
[TpousBenen mouck B 6a3zax mannbix eLibrary, PubMed u Google Scholar, mo kmro4eBbiM crioBam
«IICUXOOHKOJIOTHsY, «TIicuxodapmakorepanus» («psychooncology», «psychopharmacotherapyy). U3
MOJTyYEHHBIX Pe3YJIbTaTOB ObLTH BBIOPAaHBI PEBbIO, METAAHAU3bl U PEKOMEHAINU M0 TePaInH, KO-
TOpble HanboJee MOJHO OTPAXAIOT aKTyaJdbHbIE HAyYHbIE JaHHbBIE MO JaHHOH Teme. Pe3yabTaThl:
PesynbraTel MiccIenoBaHMs MOKAa3aJd, YTO Y OHKOJIOTHYECKUX MAI[IEHTOB HanboJIee 9acTo BCTpeda-
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I0TCA pa3InYHbIC TUIIBI TPEBOKHBIX PACCTPOUCTB U ACTIPECCUBHBIEC PEAKIIMU, KOTOPHIE YCIIEITHO KOP-
PEKTUPYIOTCS TICMX0(apPMaKOJIOTHIECKIM BMEIIaTeIbeTBOM. Kpome Toro, Ha3HaYeHHE aHTHICTIPEC-
CaHTOB M AHTUIICUXOTUKOB MOXKET OBITh YCIEIIHBIM B KOPPEKTUPOBKE YaCTH CUMIITOMOB, CBSI3aHHBIX
KaK C CaMHM TEYEHHEM OHKOJOTHYECKOTo Mpollecca, Tak U ¢ MoO0YHBIMU 3 (HeKTaMu OCHOBHOTO
nedeHus (aHopekcus, 00ib, TOIHOTA U T.A4.). OAHAKO HEOOXOAUMO TIIATENIbHO OIICHUBATH PUCKU
JIEKapCTBCHHBIX B3aMMO/ICHCTBHI ITPU Ha3HAYEHUH JTFOOBIX IICUXOTPOITHBIX MpenaparoB. Hampuwmep,
Ha3HA4YCHHE CHJIbHBIX HHTHOUTOPOB uToxpoMa CYP2D6 MOXeT NpUBECTH K CHMIKEHUIO KOHIICH-
Tpaluy aKTUBHOTO MeTa00JIMTa TAMOKCU(EeHa, a coueTaHUE aHTUICTPECCAHTOB U TPaMaoja MOXKET
MOBBICUThH PUCK CEPOTOHUHOBOIO CHHIpOMa. 3aKjrodenune: [[puMeHneHnre ncuxoTpoIHbIX Mpernapa-
TOB IIPU TEPANUU OHKOJIOTHMUECKUX 3a00JIeBaHUN MOXKET CYUIECTBEHHO YIYYIIUTh KayeCTBO JKU3HU
nanueHToB. [Ipu 3ToM HEOOXOAMMO THIATEILHO YYUTHIBATH BO3MOXKHBIE TTOOOYHBIC 3PPEKTHI U Jie-
KapCTBEHHBIEC B3aUMO/ICHCTBUSI.

KiroueBble ¢JI0Ba: TICUXOOHKOJIOTHST; TICHXO(papMaKOTEPAITHsl; CHMIITOMBI, CBSI3aHHBIC C OHKOJIOTH-
YeCKUMHU 3a00JIeBaHUSIME; MAJUTHATUBHAS IOMOIIb; KAYECTBO KU3HU; OHKOJIOTHUS
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Abstract

Background: It is estimated that at least 25-30% of cancer patients experience mental disorders. Due
to the high prevalence of these disorders among this patient population, psychotropic drugs have been
successfully utilized in oncology for an extended period of time. The use of psychotropic drugs ena-
bles targeted symptom management to improve the quality of life of cancer patients. However, it is
essential to carefully evaluate the risks of drug interactions and potential side effects when prescribing
any psychotropic medication. The aim of the study: The aim of this study was to analyze the utili-
zation of psychopharmacotherapy in oncology practice for treating comorbid mental disorders and
symptoms related to oncological diseases. An evaluation of the side effects and drug interactions of
psychopharmacological and oncological drugs was conducted. Materials and methods: The eLi-
brary, PubMed, and Google Scholar databases were searched using the keywords “psychooncology”
and “psychopharmacotherapy”. Reviews, meta-analyses, and therapy recommendations were se-
lected from the obtained results, which provided the most comprehensive coverage of the current
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scientific data on this topic. Results: Anxiety disorders and depressive reactions are prevalent in
cancer patients and can be successfully treated with psychopharmacological intervention. Addition-
ally, symptoms associated with the oncological process or side effects of treatment such as anorexia,
pain, and nausea can be alleviated through the use of antidepressants and antipsychotics. However, it
is crucial to carefully evaluate the risks of drug interactions when prescribing any psychotropic drugs.
For instance, strong cytochrome CYP2D6 inhibitors can lead to a decrease in the concentration of the
active metabolite tamoxifen, while the combination of antidepressants and tramadol increases the risk
of serotonin syndrome. Conclusion: The application of psychotropic drugs in the treatment of cancer
can greatly enhance the patients' quality of life. However, potential side effects and drug interactions
must be carefully evaluated.

Keywords: psychooncology; psychopharmacotherapy; symptoms associated with oncological dis-
eases; palliative care; quality of life; oncology
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BBenenue. KomriekcHoe j€4eHHUE OH-
KOJIOTMYECKHX 3a00JIeBaHUN [TOMKHO BKJIIO-
4aTh HE TOJIBKO CHEIUAIN3UPOBAHHYIO ITPOTH-
BOOITYXOJICBYIO Tepamnuio, HO u rcuxodapma-
KOTEpaIiio B ciiyyae HaaIuuus nmokazanui. I1o
MeHbIel mepe, 25-30% nanueHToB ¢ OHKOJIO-
TUYECKUMU 3a00JI€BaHUSMH COOTBETCTBYIOT
KPUTEpUSAM TICUXHYECKOTO  pacCTpPOMCTRBA.
HaubGonee pacrnpocTpaHeHHBIMU —TICHXHYE-
CKMMH PacCTpOMCTBAMM SBIISIIOTCA AETPECCHUS,
paccTpoiicTBa ajamnTalliu, TPEeBOra, Hapylie-
Hust cHa u aenupuii (Puc. 1) [1, 2]. TTo pe3yib-
TaTaM MeTa-aHallh3a, TPEeTh OHKOJIOTHYECKHX
MalMEeHTOB KaK Ha 3Tare JUarHOCTUKH, TaK U B
OTJIETICHUY HEOTJIOKHON IMOMOIIIH TIPH TOCTIH-
Tajau3aluyu, CTpajaid TMCUXHUYECKUMH pac-
CTPOMCTBAMH M HYXXJAINCh B CIEIIUATH3IUPO-
BAaHHOM TCUX0(apMaKOJIOTUYECKOM JICUCHUH
[3, 4]. pyroe kpyIHOE KOTOPTHOE UCCIIEI0BA-
HUE, B KOTOPOM IMPUHAIN yyactue 7298 namu-
€HTOB C OHKOJIOTHYECKUMHU 3a00JI€BaHUSIMH,
MOKa3ano, 4yTo npumepHo 15,6% mnainueHToB
COOTBETCTBOBAJIM KPUTEPHUAM TCUXUYECKOTO
paccTpoiicTBa (TpeBora, Jempeccus W/Uin
Ype3MepHOe ynoTpedIeHNe aKorossi) B cpas-
HeHuH ¢ 1,4% 310pOBBIX TOOPOBOJIBIICB B KOH-
TpoJibHOM rpymre. [IcuxoTponHbie npenapathl
OBLITM Ha3HAYCHBI B TEYCHUE 6 MECAIIEB TTOCIIE
BIIEPBbIE JUArHOCTUPOBAHHOI'O OHKOJOTHYe-
ckoro 3aboneBanus 14,6% manuentam [5]. B
2020 r. 6puTH OIyOJIMKOBaHBI PE3yJIbTATHI MO-
MYJISIITAOHHOTO KOTOPTHOTO MCCIICIOBAHUS T1a-
[MEHTOB, KOTOPHIM BIIEPBBIC ObLIT BBHICTaBJICH

JTMarHO3 OHKOJIOTHMYECKOro 3aboiyeBanus. U3
142 270 manmenToB 46% wMMeIN CHUMITOMEI
JIETIPECCUH COTIaCHO DAMOHTOHCKOM CHUCTEME
OIICHKH CHMIITOMOB. BbIJIO BBISBIIEHO, YTO Ta-
KHe (paKTophl, KaK MOJIOION BO3pact, 00Jiee BbI-
COKOe OpeMs COIyTCTBYIOIIMX 3a00JIeBaHUH,
TIOJTY9EHUE CUCTEMHOM TEpanvy B paMKax Jiede-
HUS, a TaKXKe PaK POTOTJIOTKU M JBIXaTEIBHBIX
nmyTell CIoCOOCTBYIOT 0O0Jiee YacTOMYy BO3HHK-
HOBEHHIO JICTIPECCUBHOW cHMMTOMATHKA [6].
Ha3HaueHne TICHXOTPOIMHBIX MpenapaToB Mo-
JKET HAYMHATHCS BCKOPE TI0C/IE TIOCTAHOBKH JIH-
ar’osza, IMPEINOJOKUTEIILHO, TI0 IPHYUHE
CTpaxa B OTHOIIICHHH HCXOJI0B OOJIC3HU, OJJHAKO
B OOJIBIIIMHCTBE CITyYaeB OHO UMEET TSH/ICHITHIO
K YBEJIMYCHUIO OJIFDKE K TEPMUHAIBHOM CTaHH
3a0osieBaHus. B OHOM pETPOCHIEKTHBHOM WC-
clieIoBaHMU '"clydall — KOHTpPOJIb", BKITHOYaB-
eM B oO1iei ciioskaoctr 113 887 onkomoruye-
CKHUX TaIMEHTOB, ObUTH TIOJTYYEHBI IaHHBIC, YTO
WCIIOJIb30BAHUE TICHXOTPOITHBIX —IperapaToB
(aHTUTICHXOTUKOB, aHTUCTIPECCAHTOB U OCH30-
JIMA3CIIMHOB) OBLTO 3HAYMTEIILHO BBIIIE B II0-
ClleTHue 3 MecsIia )KU3HH 10 CPAaBHEHUIO C Tiep-
BBIMH 3 MeCSI[aMH TTOCIE ITOCTAaHOBKH JIMArHO3A.
Yacroe Ha3HAYCHHE aHTHJICIIPECCAHTOB MOXKET
OTpakaTh 00JIee BHICOKUH YPOBEHb TICHUXOJIOTH-
YECKOr'0 CTpecca Ha TEPMUHAIILHON CTaJMH OH-
KOJIOTHYECKOTO 3a00JIeBaHMs, B TO BpeMs Kak
YBEIIMYCHUE TMPUMEHEHUS aHTUIICUXOTHKOB Ha
TEPMHUHAITBHBIX CTAJIUSX, BEPOSTHO, CBS3aHO C
Pa3BUTHEM OPTraHUYECKOTO TOPAKECHUS TOJIOB-
Horo mo3ra [7].
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Puc. 1. Pacnpenenenue ncuxuyeckux pacCTPOMCTB Cpeiu MAIMEHTOB ¢ OHKOJIOTHUEH
Fig. 1. Distribution of mental disorders among patients with oncology

B cBs3u ¢ mMpoKOH pacnpoCTpaHEHHO-
CTBIO TICUXHUYECKHX PACCTPONCTB Yy JaHHOM
TpyOmnbl TAIMeHTOB TICHUXOTPOMHbBIE TMpera-
pathl yKe IOJIToe BPEMsl YCIICITHO HCIOIb3Y-
I0TCS B OHKOJIOTUH KaK JJIsi KOMILIEKCHOTO Jie-
YeHHs] TICUXUYECKUX PACCTPOMNCTB, TaK U IS
BCIIOMOTATENILHOTO JICUSHHS] CHMIITOMOB, CBSI-
3aHHBIX HETOCPEJCTBEHHO C OHKOJIOTHYE-
CKUMHU 3a0oNeBaHUsSMU (Hampumep, OO0Jb,
NPUJIKMBBI, YCTaIoCTh). OTHOCHUTENHHO 0€3-
OTIacCHBIN MPO(GWIb 1 MHHUMAIIBHBIA PUCK Ce-
pBe3HBIX MOO0OYHBIX 3(dexToB emie Oobie
CIOCOOCTBYIOT IIMPOKOMY HCIIOJIb30BAaHHIO
NaHHBIX HpemnaparoB. [lomymisuonHoe ucce-
noBanue, nposeneHHoe B CIIA, moxazano,
9T0 00JIe€ MOJIOBUHBI MOKUIIBIX MAIIUEHTOB C
pakoM MOYEBOrO My3bIpsl MOJYYalHd ICHUXO-
TPOIIHbIE IpenapaTsl B T€UeHUE 2 JIeT Mocie
MOCTAHOBKM JMarHo3a. Yarie Bcero Ha3zHaya-
muce ctumynsatopel/mMonynsatopel AMK, a
TaK)Xe CEJICKTUBHBIE WHTHOUTOPHI 0OpPaTHOTO
3axBara ceporoHuHa [8]. B apyrom uccneno-
BaHUU, MPOBEJCHHOM SIMOHCKUMHU YYCHBIMHU,
OBLJIO MMOKa3aHO, YTO HanboJee YacTo MpUMe-
HSJTUCh TICUXOTPOIHBIE Mpenaparhl MpH paxe
JIETKOTO, peXe — MpU pake MpeacTaTeTbHON

xenessl: 62,6% u 35,1% cooTBercTBeHHO [9)].

B cBs13u ¢ BBICOKOI 3HAYMMOCTBIO JIaH-
HOH MpoOeMbl, U3yuYeHHE U CUCTEeMAaTH3AIH
JUTEPATYPHBIX JTAHHBIX, KACAIOMUXCS TIPUMe-
HEHUS TICUXOTPOMHBIX CPEACTB B OHKOJIOTHUH,
MIPEICTABISAETCS aKTyaIbHBIM.

Heanb uccaenoBanusi. O600IICHNE CO-
BPEMECHHBIX 3HAHHA 00 WCIIOIH30BAHUH TICH-
XOTPOIHBIX MPEnapaToB B OHKOJOTHH (aHTH-
JIETPEeCCaHTOB, AHTHIICHXOTHKOB, aHKCHOIIH-
TUKOB W THUITHOTHKOB) C IIETBIO JICUCHUS KO-
MOpPOUAHBIX TICUXUYECKUX PACCTPOUCTB H
yCTpaHEHUS] CUMIITOMOB, CBSI3aHHBIX C OHKO-
JIOTUYECKUMHU 3a00JI€BaHUSIMH.

Marepuanbl M MeTOAbI HCCJIEI0BA-
Hus. J[715 penieHns mMoCTaBICHHbIX 3a/1a4 ObLI
MPOBEJIeH MOMCK Mo 0a3zam gaHHbIX eLibrary,
PubMed 1 Google Scholar o kr04eBbIM CI10-
BaM «IICUXOOHKOJIOTHS», «IICHXO(apMaKoTe-
panus («psychooncology»,
«psychopharmacotherapy»). Pesynprarom
MEPBUYHOTO MOUCKA cTanu 622 cTtaTbu, U3 KO-
TOpBIX ObTM oTOOpaHbl 93 myOIuKanu,
HauboJee MoJIHO, IO MHEHUIO aBTOPOB, OTpa-
YKAIOIIMX aKTyasJbHbIEC HAyYHbIE JaHHbIE, Kaca-
ro1uecs: paccmaTpuBaeMoit Temal (Puc. 2).
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[Townck o 6a3am gaHHbIX eLibrary,
PubMed u Google Scholar o ksiro-
YEBBIM CJIOBAM «IICHXOOHKOJIOTHUSY,
«rcuxodapMaKoTepaIIHsh
(«psychooncology»,
«psychopharmacotherapy»)

\_ J

[lepBuunble pe3ynbTaThl — 622 cTaThu

(

OTO0p UCTOYHUKOB 10 MPUHIUITY
HaunboJ1ee MOJIHOTO U aKTYaJIbHOTO
0TOOpaKEHHSI TEKYIUX HAYYHBIX
JAHHBIX 110 IPUMEHEHHUIO IICUXO0-
TPOIHBIX MPETIAPATOB B OHKOJIOTHH

\. J

Otobpano 93 cTaThu AJIT KOHEUHOTO
aHamm3a

Puc. 2. OT60p nuTEpaTypHBIX HCTOYHUKOB
Fig. 2. Selection of science sources
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Pe3yabTaThl 1 HX 00CYy:KIeHHE

AHTHIENPeCcCaHThbl. 3a MOCJIEIHUE He-
CKOJIBKO JICCATHIICTUH, TJIABHBIM OOpa3oM B
pe3ynbTare MOSBICHUS HOBBIX KJIACCOB aHTHU-
JIETIPECCAHTOB C JIYYIIEH MEePEeHOCUMOCTRIO U
MEHBIIINM KOJINYECTBOM MOOOYHBIX 2P PEKTOB,
WCIIOJIb30BAaHNE 3TOM TPYMIBI MPENapaToB y
OHKOJIOTUYECKUX MAIIMEHTOB CcTajio Ooee pac-
MpOCTpaHeHo. Bo-TiepBBIX, OBLIO ITOKA3aHO,
YTO aHTHUAENPECCaHThl YPPEKTUBHBI B Jeue-
HUW JICTIPECCUH, TPEBOXKHBIX H O0YCJIOBIICH-

HBIX CTPECCOM PACCTPOHCTB Y OHKOJIOTHYE-
ckux nanuerTos [10, 11]. Bo-BTOphIX, aHTHIe-
MPECCAHTHI TaK)Xe HCIOJB3YIOTCS B Ka4ecTBE
BCIIOMOTATENILHOTO CPEACTBA MJIs JICUYCHUS
CHMIITOMOB, HE CBS3aHHBIX C OHKOJIOTHYe-
CKUMU 3200JICBaHUSIMH, TAKHX KaK MPHUJIMBHI,
HeBponarhyeckas OOJjb, TOINHOTA, pPBOTA,
ycranocth u apyrue [12]. DddexkTuBHOCTD aH-
THJICTIPECCAHTOB TIPH OHKOJIOTHYECKUX 3a00-
JIeBaHUSAX ObUIAa YCTAaHOBIIEHA BO MHOTUX PaH-
JIOMU3UPOBAaHHBIX KOHTPOJIUPYEMBIX HCCIIEI0-
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Banusx [13-16]. 13 Bcex Ki1accoB aHTHAEMIPEC-
CaHTOB HanboJIee YacTO B KIIMHUYECKOH MpaK-
TUKE HCIOJIb3YIOTCS CEJICKTUBHBIC WHTHOM-
TOpel  O0OpaTHOro  3axBaTa CEpPOTOHMHA
(CHO3C) u3-3a OTHOCUTEIBHO MPOCTOTO pPe-
KMMa TO3UPOBAHUS U ONTUMAIBHOTO COOTHO-
IICHUS TIOTCHIIMAIBHOM TIOJIb3bI U PUCKA BO3-
HUKHOBEHUsI TOO0YHBIX 3¢dekToB. Taxxke
obuto ycranosneHo, yto CHO3C oGnagaroT
MIPOTHBOBOCIIAJIMTEIHHBIMHA CBOMICTBAMU B OT-
HOIICHUH MUKPOTJINH, OCHOBHBIX KIJIETOK IEH-
TPaJbHOW HEPBHOH CHUCTEMBI, KOTOPBIE PETy-
JUPYIOT W pearupyloT Ha BOCHAIUTEIBHBIC
dbaxtoper [17]. TTockonbky BOCHAIUTEIbHbIC
MEXaHHU3MbI BOBJICYCHBI B OMOJIOTHIO U (DU3HO-
JIOTHEO ~ OHKOJIOTUYECKHX  3a00JIeBaHUIA,
CHUO3C sBasoTCs palMOHAIBHBIM BapUaH-
TOM JICYCHHUSI NIENPECCHH B TaKUX KIMHHYC-
ckux curyamusax. CMO3C moryT ymyumarhb
UMMYHUTET OHKOJIOTUYECKHUX MAIMCHTOB W
00JIa]al0T  TPOTHUBOOIYXOJIEBHIMH  CBOM-
CTBaMH, BKJIOYAs alONTOTUYECKHE CBOWCTBA
in vitro B KJIETKAaX T'elaTOICIUTIONSAPHON Kap-
uHOMBI [18].

IIpumMeHeHne AaHTHAENPECCAHTOB B
JIeYeHMH KOMOPOUAHBIX NMCHXMYECKUX pac-
cTpoiicTB. Jlenpeccus SBIAETCS OOHUM U3
HauboJiee pacpoCTPaHEHHBIX PacCTPOICTB y
OHKOJIOTMYECKHX IalueHToB. MccienoBaHus
MOJTBEPMIIN yBEITMUEHHE YacTOThl Ha3Haye-
HUS QaHTUJICTIPECCAHTOB OHKOJIOTHYECKUM Ta-
LIUEHTaM C 11€JIbI0 YCTPAHEHUs! CHMIITOMOB Jie-
npeccun [7, 11]. Ilo naHHBIM cHCTeMaTHYe-
cKoro 0030pa 1 MeTa-aHaJln3a, ObIJIO yCTaHOB-
JICHO, YTO aHTHJIETPECCAHTHI, HE3aBUCHMO OT
ux knacca (Hanpumep, CMO3C nnu TpULHK-
JUYECKUE aHTHACTPECCaHThl), O6omee rhdex-
THUBHBI, YeM I1anedo, NMpHu JEeUeHUH Aerpec-
cuBHBIX cumntoMoB [19]. Tem He MeHee, aH-
THJICTIPECCAHTBHI, KaK MPaBUIIO, CJIEAyeT Ha3Ha-
9aTh TOJBKO TPU TSDKEJBIX MPOSBICHHUIX JE-
MIPECCUH, TPU JIETKUX (hopMax ONTUMaIbHON
SIBIISIETCS TICHXOTEpANIeBTHUECKAs! TTOIEPKKa
[20]. Crpecc, paccrpoiicTBa, 00yCIOBICHHBIE
CTPECCOM, M PAcCTPOICTBA afanTaliy TaKKe
IIMPOKO PAaCHPOCTPAHEHBI Y OHKOJIOTMYECKHX
narueHToB [1, 21]. MccnenoBanus mokasain,
4yTO NpUMepHO 12-25% OHKOJIOTMYECKUX Ta-
[IMEHTOB  CTPANalOT  IOCTTPABMATHYCCKUM
ctpeccoBbiM pacctpoiictBom (IITCP), B TO

BpeMsi kak 20% mnamueHToB CTpajaroT pac-
crporicTBamu ananrtanuu [22, 23]. [To naHHBIM
JMTEPATyphl, AHTHICTIPECCAHTHI, OCOOECHHO
CHO3C, sBnsitoTcsl IepBON JIMHUEH Tepanuu
kak miua jedenus [ITCP, tak u mna pac-
CTPOWCTB aJanTalud, OJHAKO KOHKPETHBIX
JTAHHBIX B OTHOIICHHH OHKOJIOTUYECKUX TallH-
CHTOB MpeacTaBieHo He O0buto [24]. TIpu Tpe-
BOXKHBIX paccTpoHCTBax (Hampumep, poousx,
TSHKEJIONW U CTOMKOM TPEeBOre OKUAaHUs, COIU-
anbHOM TpeBore), CUO3C, CMO3CuH u mup-
Ta3alH SBJSIOTCS MperapataMu BbIOOpa Y
OHKOJIOTHYECKHX TanueHtoB [25, 26]. Hapy-
IICHUE IUPKATHBIX PUTMOB Y OHKOJIOTHYE-
CKHX TIAI[ICHTOB MOXET OBITh MPOSBICHHEM
JICTIPECCUH, TPEBOXKHBIX PACCTPOMCTB, a TAKKE
OCJIO)KHEHHEM XuMuoTepanuu [27]. B naHHOM
cllydae MOMHMO KJIACCUYECKUX CHOTBOPHBIX
CpPEeACTB, MOTYT OBITh HA3HAUEHBI AaHTH/ICTIPEC-
CaHTHI C celaTUBHBIM 3P (dEeKTOM (Hampumep,
MUPTa3aliH U TPA300H).

IIpuMeHeHne AaHTHIENPECCAHTOB B
OTHOIIEHWH CHMMIITOMOB, CBSI3aHHBIX C OH-
KOJIOTHYeCKUMHU 3200J1eBaHusiMu. KiiuHnye-
CKas TIPAKTUKA, TOJKPEIUICHHAs HAyYHBIMH
JTAHHBIMH, TIOKa3aJia, 4TO aHTUICTIPECCAHTHI
MO>KHO HCIIONB30BaTh JIJIsl YIYUIIEHUs CUMII-
TOMOB, CBSI3aHHBIX C OHKOJIOTUYECKUMH 3200-
JIeBaHUSMH, TAKAX KaK MMOTEPS aIlleTHTa, aHO-
peKcusi, HapylIeHHs CHa, OOJb, MPHUIUBHI, KO-
TOpbIE 3aMETHO BIUSIOT Ha Ka4eCTBO KU3HU. B
MEPBYIO OUYepeab AHTUACTIPECCAHTHI MCIIONb-
3YI0TCA B KAUECTBE ayrMEHTAIUH TIPU Teparuu
00JIM Y OHKOJIOTHYECKUX MarueHToB [28, 29,
30]. TpunukIu4YecKHe aHTHACIPECCAHTHI M
CHO3CuH (B nepByto ouepenb 1yJIOKCETHH)
3¢ (HEeKTHBHBI MPU JICYCHUN HEBPOMATHUECKOM
00JIM y OHKOJIOTUYECKHX MalMEeHTOB, TOTyYa-
formx xumuorepanuio [31, 32]. Hekoropsie
XUMHOTEPANEBTUUECKHE TMpermapaTbl MOTYT
BBI3BIBATh TMPWIMBBI apa, KOTOPbIC Hera-
THUBHO CKa3bIBAIOTCS HAa KAUECTBE )KU3HU TaIlH-
€HTOB. bBBUTO TOKa3aHO, YTO aHTHAEIpec-
cantbl, ocooerno CMO3C u CUO3CuH, »-
bexTuBHBI a8 Jedenuss npwiuBoB  [33].
Haubonbiryro 3¢ ek THBHOCTD Cpeiu HUX MoKa-
3anmu ayokceruH [34], ceprpanun [35], acrmra-
jonpaM jaynokcetu [36] u Bennagakcun [37]
(Tabmuma). OmHAKO TIPW UCTIOIB30BAHUN ITHUX
npernapaToB TpeOyeTcs OCTOPOXKHOCTh H3-32
MOTEHIIMAILHOTO MHTHOUPYIOIIEro AeHCTBUS
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Ha depMeHT cuctembl 1uToxpomoB CYP2D6
[34, 36]. AHTUTHCTAMUHEPTHYECKUE CBOMCTBA
MHUpTa3aluHa MOTYT OBITH HAINpaBJICHBI Ha
00pp0y C TOIIHOTOHM, aHOPEKCHUEH/KaxeKCUen
U TsDKesor norepeit Beca [38]. UccienoBanue

II da3er moaTBEpAUIIO €ro 6IaroTBOPHOE BIIU-
STHUE Ha allleTUT, HApYIIEHUs CHA, O€CIIOKOM-
CTBO, 0OJb, a TaK)Ke KAueCTBO KU3HH H Jie-
MIPECCHI0 Y OHKOJIOTMYECKUX marmeHToB [39].

Tabauya

CpaBHenue 3(p(peKTUBHOCTH AHTUAENIPECCAHTOB MPHU TePANUHN NPUIUBOB
y HALMEHTOB C OHKOJIOTHYeCKUM 3200/1eBaHNEeM

Table

Comparison of the effectiveness of antidepressants in the treatment
of hot flushes in patients with cancer

Pe3yabTaThl B rpynne | Pe3yabTarhl B HCCJIe-
AHTH/IETPECCAHT, THn KIMHUYECKOro uc- KoauyecTBo KoHTpoJs (3¢ dex- ayemoii rpynme (3¢-
no3a (Mr/cyT.) CJIe0BAHMSA YYACTHUKOB THBHOCTH B OTHOIIEe- | ()eKTHBHOCTH B OTHO-
HHUHM CHMIITOMOB) IEHUH CUMIITOMOB)
dnyokceTnH, 20 JIBoiiHoe ciernoe miamne6o- 72 36% 50%
KOHTPOJIUPYEMOE paH/o-
MHU3UPOBAHHOE HUCCIICI0BA-
uue [34]
Bennadhakcun, JBoiiHoe cienoe miane6o- 191 27% 37-61%
37,5-150 KOHTPOJIMPYEMOE PaHIIO- ("4eM BEIIIIE 1033, TEM
MHU3UPOBAHHOE HUCCIICI0BA- 6ope 3¢ dexr)
uue [37]
Hynoxcetun, 60 PanpomMusupoBaHHOE KOH- 28 -
TPOJHUPYEMOE UCCIICI0BA- (rpymma KOHTpOJIS OT- 49,8%
Hue [36] CYTCTBYET)
Ocnutanomnpam, 20 | PangoMH3HpOBaHHOE KOH- 30 - 53%
TPOJIUPYEMOE HCCIIeI0Ba- (rpymma KOHTpOJIS OT-
Hue [36] CYTCTBYET)
Ceptpainus, 50 JIBoiiHoe ciernoe miamnebo- 62 27% 36%
KOHTPOJIUPYEMOE paH/0-
MH3HPOBAHHOE MCCIIE0Ba-
uue [35]

OrpannyeHusi NMpUMeHEHUA, MODOOY-
Hble d(PPEKTbI U JIEKAPCTBEHHbIE B3aNMO-
AelCTBUS AHTHAENPECCAHTOB B OHKOJIOTH-
4eCcKoil npakTuke. /[pyrue BaxxHble BOIPOCHI,
CBSI3aHHBIE C MPUMEHEHHEM aHTUJIENpeccaH-
TOB TP OHKOJOTHYECKHX 3a00JIeBaHMSIX,
BKJTIOYAIOT T000YHBIE A((EeKTHI u JeKap-
crBeHHble B3aumogeiictBus [40, 41]. TIpena-
paThbl, 0OBIYHO HA3HAYaeMbl€ OHKOJIOTUYECKUM
nanueHTaMm, Takue Kak TpamajoJl, mpokapOa-
3UH U JMHE30JIM/I, TOBBIILAIOT PUCK PA3BUTHS
CEpOTOHMHOBOTO CHHJAPOMA NMpHU J0O0aBICHUU
CEpPOTOHUHEPIUYECKUX  AHTUJEIPECCAHTOB.
JlaHHbBIE JIEKapCTBEHHbIE CPEACTBA TaKkKe MO-
T'yT YCUJIMBATh TOLIHOTY U CUMIITOMBI CO CTO-
ponbl XKKT, a Takye moBbIIaTh PUCK KPOBO-
TEYEHHUs Y MalMEHTOB C TPOMOOILMTONEHUEN

WM TPUHUMAIOIIMX AHTHKOAryJsHThL.. Bo3-
MO>KHO Pa3BUTHE TMIIOHATPUEMHH, CUHIPOMA
OTMEHbl U CHM)KEHHE CYIOpOKHOI'0 MOpora.
@DIIyOKCETHH MO NPUYMHE JUIUTEIBHOTO MEpH-
0/1a TIOJTYBBIBEJIEHUS U CUJIBHOTO HHTUOUPYIO-
niero jectBus Ha nuroxpom CYP2D6 cre-
NyeT IPUMEHSATH C OCTOPO’KHOCTHIO Y OHKOJIO-
TMYECKHX NAlMEHTOB, KOTOPbIE MOIYYaloT XH-
MHOTEpaInuio, BO n30exaHne BOZMOXKHBIX Jie-
KapCTBEHHBIX B3aWMOJECHCTBHM C IPOTUBO-
OITyXOJIEBBIMU areHTaMu, KOTOpble MeTabou-
3upytotcst yepe3 cucreMmy CYP2D6. Anano-
TMYHBIM 00pa30M, MapOKCETUH 00JIaJlaeT BbI-
paXeHHbIM HUHTUOUpyomuM 3¢ ¢deKToM Ha
CYP2D6, a Takxke aHTUXOJIUHEPTrHUYECKUMHU
s dexramu, KOTOphie TPeOYIOT 0COOOTO BHU-
MaHus CO CTOPOHBI JIEHalllero Bpauya.
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CepTpanun, uUTagonpaM M 3CLHUTAIONPAM
MMEIOT HaUMEHbIIIee KOJIMYECTBO JIEKAPCTBEH-
HBIX B3aMMOJCHCTBUI U SBISIOTCA Ipenapa-
TaMH BbIOOpa B JaHHBIX YCIOBHUSX. TaMokcH-
(beH — CeNeKTUBHBIN MOIYJSTOP PEUEHTOPOB
ACTPOreHA, HCIOJIB3YEMBIH Ul TpOQHIIaK-
TUKH PEUUIUBOB Yy MalUEHTOK C TOPMOHOpE-
LIENTOPHBIM PAaKOM MOJIOYHOM >xemne3bl. Dep-
MeHT nutoxpom 2D6 (CYP2D6) sBisiercs oc-
HOBHBIM (PEpPMEHTOM, MpPEBpAILAIOLUM Ta-
MOKCH(EH B €r0 aKTHBHBIA METa0OJIUT IHIOK-
cudpen. I'enetnyeckue Bapuanmu B CYP2D6
BJIMSIFOT Ha TPEBPAIICHNE TaMOKCH(eHa B €ro
aKTUBHYIO (hOpMY; OKOJIO 7% JKEHIINH UMEIOT
HedyHkunonanbHble ayuienn CYP2D6 u 6onee
HU3KHUI ypoBeHb dHAOKcU(peHa. Tpu antune-
MIpeccanTa — MapOKCETUH, (QIIyOKCETHH U Ty-
JIOKCETHH — SIBIISIIOTCS CHJIbHBIMH UHTUOUTO-
pamu CYP2D6; oHuM MOryT BMEIIMBAThCA B
MmeTabonusm tamokcudena [42]. Perpocmek-
TUBHOE HMCCJIEIOBAHUE MTOKA3aI0 00jee BBICO-
KU PUCK CMEPTH OT paKa MOJIOYHOH KeJIe3bl
cpeau Tex, KTO MPUHUMaJl KOMOMHUPOBAaHHOE
JIeYeHUe TaMOKCU(PEHOM H TMapOKCETHHOM,
YTO U3MEHHJIO MTPAKTUKY Ha3HAUCHUS aHTHUIE-
IIPECCaHTOB MHOTMMH Bpadamu. [lociemyro-
M€ KpYMHbIE HCCIEeOBAHUS, HW3ydyaBIINe
BIMSIHME Ppa3IM4YHBIX (DEHOTUIIOB MeTabo-
mm3ma CYP2D6, He BRISBUIIN HUKAKOM CBS3H C
KOHTpOJIEM 3a0oyieBaHus U peruanBamu [43,
44]. Tlo3unus aKTyaJbHBIX KIMHHYECKUX pe-
KOMEH/IAIMH 3aK/II04aeTcs B TOM, 4YTOObI H30e-
ratb cuibHbBIX MHruouropoB CYP2D6 (ma-
POKCETHH), OT/AaBasi MpeANoYTeHHe Npenapa-
TaM C OTCYTCTBUEM WJIU CJIA0bIM UHTHOHPOBa-
HUEM JIaHHOTO IIUTOXpOMa (SCIUTAJIONpaM,
BeHJa(paKkCUH), HO JIeHalluid Bpayd JOJIKEH
ObITh BHUMATEJIEH K JabHEUIITNM HUCCIIe0Ba-
HUSIM TI0 3TOMY BOTIPOCY TIO MEpe UX IOsBIIe-
Hust [45]. TIpu stom peBbro 2022 roja He BbI-
SIBHJIO Pa3HUIIBI B UCXO/IaX TEPAIHH Y TTalieH-
TOB, IPUHUMAIOIINX U HE TPUHUMAIOIINX aH-
TUJETPECCaHThl (BKJIIOYasi MapOKCETUH) COB-
MeCTHO ¢ TaMokcudenom [46]. Cnenyer oTme-
TUTh, YTO B POCCUHCKON MHCTPYKUIHH B pa3-
JieNie JIGKApCTBEHHOE B3aMMOJACUCTBUE YKa-
3aHa Bcs rpynna CMO3C kak moTeHIHAIBHO
CrocoOHast CHU3UTh YPOBEHb aKTUBHOT'O METa-
O0onuTa TaMOKCcH(EeHa, B CBSI3H C YeM T10J100-

Hbl€ Ha3HAYEHHUs CIIeAyeT IPOBOIUTH ¢ 00JIb-
LIOH OCTOPOYKHOCTBIO M TIATEIBHO JOKYMEH-
TUPOBATh.

AHTHIICUXOTHKH. AHTHUIICUXOTUKH
TaKXe SBIAIOTCA MpernapaTaMu, KOTOpbIE yiKe
JIOJITO€ BpEMS HUCIIOJIb3YIOTCSI B OHKOJIOIMYe-
cKoM mpakTuke. OHM IPUMEHSIOTCS IS Jieue-
HUSl TakuX ICUXUYECKUX PACCTPOMCTB, Kak
paccTpoiicTBa HACTPOEHHUs, Jenpeccus, Tpe-
BOra; MCUXOTUYECKUX PacCTPOMCTB (Aenupuit
W/WIM ICUXOTHYECKUE CUMITTOMBI, BHI3BaHHBIE
IIPUEMOM HEKOTOPBIX JIEKAPCTBEHHBIX Iperna-
partoB), a TaKke MOOOYHBIX YPPEKTOB XHMHO-
Tepanuu. Bo MHOrux ciydasx noGounsie 3¢-
(EeKTBI OTAEITBHBIX AHTHUIICUXOTHUKOB HCIIONb-
3YIOTCSl JUIsl KOHTPOJIS LIETEBBIX CUMIITOMOB,
KAaK B CJIy4ae C TOIHOTOM, PBOTON WJIM CHUXKE-
HHUEM anreTuTa.

IIpumeHeHne aHTHIICUXOTHKOB B Jle-
YeHUM KOMOPOMIHBIX NCHXMYECKHX pac-
crpoiicTB. [Ipu ocTpoil TpeBore y OHKOJIOTH-
YECKMX MAIMEHTOB AHTUIICUXOTHKH MOTYT
OBITP IPENNOUYTUTENIbHEE OEH30/1Ma3ENNHOB,
IIOCKOJIBKY ITOCJIE/IHUE MOBBIIIAIOT PUCK U3Me-
HEHUSl TICHXUYECKOI0 CTaTryca M YTHETEHHs
nbixanus. [1o aHajaOrMyHBIM NMPUYKMHAM HHU3-
KHEe JT03bl CEAaTUBHBIX ATHITMYHBIX AHTHUIICH-
XOTHKOB (KBETHAIlMHA, OJIaH3aIllMHa) MpeJIo-
YTUTEJIbHEE TUITHOTUKOB IS JIEYEeHUs OECCOH-
uunel [47, 48, 49]. V nereii ¢ oHKOIOTHYE-
CKHMMHU 3a00J1€BaHUSIMHU PUCTIEPUIOH U OJaH3a-
IIMH M0Ka3aTelu CBOIO 3(PPEKTUBHOCTh U XO-
POIIIYIO IEPEHOCUMOCTD B OTHOIIEHUH pa3Jipa-
’KUTEITBHOCTH M CUMITOMOB jenpeccun [50].

IIpumeHeHNe AaHTHIICUXOTHKOB B OT-
HOLICHHH CHMMIITOMOB, CBSI3AHHBIX C OHKO-
JOru4eckumMu 3adoseBanusimu. [Ipumene-
HUE rajonepuoia, JIEBOMENPOMa3uHa U Jpo-
MIepH10J1a 1711 KOHTPOJISl TOIIHOTHI M PBOTHI HE
PEKOMEH/IOBAHO Y OHKOJIOTMYECKUX MAllMEH-
TOB BBUJYy HEOCTaTOYHOTO KOJIMYECTBA JIaH-
HBIX 00 a3 dexruBHocTH [51, 52, 53]. B TO *e
BpeMsi, aTHITHYHBIN aHTUTICUXOTHK OJIAaH3aITHH
noka3zas 3eKTUBHOCTH B JIEYEHUH TOLTHOTHI
U PBOTHI, BBI3BAHHBIX XUMHOTepanuei [54].
OnansanuH B 1o3e 10 MI 3HAYUTENBHO YMEHbB-
1I1aJl BbIPaXEHHOCTh TOUIHOTHI, PBOTHI U CHU-
JaJl 4acTOTy HCIOJIb30BaHUS KyIUPYIOLIEH
TEpanuy 1o CpaBHEHHIO C I1anedo y OHKOJIO-
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THYECKUX MAIEHTOB, MPOXOISIIUX XUMHOTE-
parnuio U UCTBITHIBAIOIINX CUJIBHBIC PBOTHBIC
no3biBbI [55]. B meTckoil OHKOJIOTHMHU OjaH3a-
IIUH IIPU €ro NPpUMEHEHUH B cpeaHeit nosze 0,1
MI/KI CHW)KaJl YacTOTy BO3HUKHOBCHUS
PBOTBI, aCCOLMUPOBAHHOM C XUMHOTEpaANUEH.
CpenHuii BO3pacT ManMeHTOB B BBIOOPKE CO-
craBisut 13 ser [56]. Takum o6pasom, mpume-
HEHUE OJIaH3allMHa B COCTaBe KOMOMHUPOBAH-
HOW Teparuu JUIsi KOHTPOJISl TOITHOTHI K PBOTHI
OTpPaBJaHO KaK y JIeTeH, TaKk U y B3POCIIbIX Ta-
[IUCHTOB C OHKOJIOTUYECKUMHU 3a00JICBaHH-
smu. VccnenoBaHus TOKa3bIBAOT, YTO OJIAH-
3alliH CHIDKAJI MOTEPI0 Beca y OHKOJIOTHYe-
CKMX mareHToB 6osiee ueM Ha 10% u yBenu-
yuBaji norpedacuue mumm [57, 58, 59]. [an-
HOE CBOHCTBO MOKET OBITh TIOJIC3HBIM IIPH JIe-
YCHUU aHOPEKCUH, BBI3BAHHOW OHKOJIOTHYE-
CKUM 3200JI€eBaHUEM.

Boinee 90% oHKOIOrHYECKUX ITAllIEHTOB
B IOCJICTHUE JHH JKU3HH TEPS)KUBAOT TIPE/I-
cMeptHbIi nenupwuii [60, 61]. TIpu atom y 70%
pa3BuBaeTcs OECIIOKOWCTBO, BO30YXICHHE
WIN arpeccuBHOE moBeaeHue [62]. Anturncu-
XOTHKH yX€ Ha TPOTSDKEHUU JOJITOrO Bpe-
MEHU HCIIOJIb3YIOTCA B KaueCTBE IMpernmapaToB
MIEPBOW JIMHUUW IS JICUCHUS JISTTUPHUS U CBSI-
3aHHOTO ¢ HUM B030ykaenus [63, 64]. Cpenu
TUIUYHBIX AaHTUIICKXOTHUKOB TaJIONEPUION SIB-
JISIeTCSl OJTHUM U3 HauOoJiee YacTo UCIONb3ye-
MBIX mpenapaTtoB [65]. B ompoce, npoBenieH-
HOM cpenu 135 Bpaueii, OKka3bIBAIOIIHMX MAJLITH-
aATUBHYIO TTOMOIIb B JICBSITH CTpaHaX, rajore-
PHJIOJ CYMTAIICS OJHUM U3 YETHIPEX OCHOBHBIX
MpermapaToB, KOTOPbIC ITOJDKHBI OBITH JIO-
CTYITHBI BO BCEX YUPESIKICHHSIX, OKa3bIBAIOIIHX
MTOMOIIh TTAIIHEHTaM C OHKOJIOTHYECKHIM 3200-
JICBAaHUSMHU B TEPMUHAILHOM COCTOSIHMH [66].
Bosee Toro, koMOMHaIMS JIopaszenama u rajo-
NepuIoiIa MoKasana Jydilue pe3ysbTaThl MO
CPaBHECHHIO C MOHOTEpAIUEH raIonepruI0IoM
B PaMKax MX MPUMEHEHUS JIJISI KOHTPOJIS aXKH-
TalM¥ U CyObEKTUBHOM OIIEHKH KOoM(OopTa Ta-
1ueHToB [63, 67]. He Tonbko ramonepu 1o, HO
U XJIOPIIPOMA3UH SBJISCTCS TPEIITOYTHTEITb-
HBIM BapUAHTOM JIJISI JICUCHUS TIPEICMEPTHOTO
nemupust. OH Omokupyer ol-agpeHoperen-
TOPBI, YTO MOXET IPPEKTUBHO YMEHBIIUTH
B030ykaenue [68]. OqHako mpuMeHeHHe ra-

JOTNepHI0Ia HE PEKOMEHAYETCSl IPU TUIOaK-
TUBHOM JICJIUPUH Ha TIO3THUX CTAHSIX B CBSI3U
¢ oTcyTcTBUEM 3()(HEKTHBHOCTH WM yXY/IIe-
HUEM CHUMIITOMATHKH, YTO BO3MOKHO CBSI3aHO
C TIOJMOPraHHOW HEeI0CTaTOYHOCThIO [69].
Taxoke He CTOUT 3a0BIBaTh O BHICOKOM PHCKE
Pa3BUTHUS 3JI0KAYECTBEHHOTO HEWpoJienTHyie-
CKOTO CHHJIpPOMA, Yalle BO3ZHHMKAIOUIETO IpU
Ha3HAUYEHUH TAJIONEPUI0SAa U JPYTUX aHTH-
IICUXOTHKOB-aHTaroHucToB  D2-pernentopos
[70]. HenaBuuii cucremarndeckuii 0030p 1mo-
Ka3aJl, YTO OJIAH3AIMH U KBETHAIIMH SIBIISIOTCS
aJICKBaTHBIMU ~ QJIFTEPHATHBAMHU  TaJOIEPH-
JI0JTy, OCOOEGHHO y TALMEHTOB C BBIPA)KCH-
HBIMH DKCTPAIIMPAMHUIHBIMH  CHUMIITOMaMH,
HYKJTQFOIIMXCS B CEMIAIIMU WM UMEFOIIHX yKa-
3aHUSl HAa HENEPEHOCHUMOCTh TaJoNepuoia B
anamHese [71]. Pucniepuion Takxe UCHob3y-
eTCs IPY JICYCHUH JIeNupust, oonanas s dex-
THUBHOCTBIO CPAaBHUMOI C TaJIONEPUIONIOM H
oJaH3zanuHoM [72, 73].

OrpannyeHusi NMpUMEHEHHHA, MO00Y-
Hble YPPeKThl U JeKapCTBEHHbIE B3aUMO-
aeiictBusi. OHKOJIOTMYECKUE TALMEHTHI MO
BEP>KEHBI OOJIBIIIEMY PUCKY TOOOUHBIX dPPeK-
TOB B CBSI3U C yXY/IIIEHUEM O0ILEro COCTOSHUS
310poBbsi. Hampumep, THUIIOBOJIEMHS MOXKET
HOBBICUTh PHUCK OPTOCTATUYECKOM T'MIIOTEH-
3WH, IPUBOSIIEH K OOMOPOKaM U TTaICHHSIM.
BHyTpumblieyHbIii crioco®d BBeJEHHS aHTH-
MICUXOTUKOB aCCOIIMUPOBAH C PUCKOM BO3HHUK-
HOBEHUS FeMaTOM Y OHKOJIOTHYECKUX MaIeH-
TOB ¢ Tpombouuronenue. [Ipodrema Heitpo-
JETITUYECKON TUNepHpoJaKTUHEMUN Yy Malu-
€HTOB C PaKOM MOJIOUYHOM JKEJe3bl, BEI3bIBACT
BCe OOJBIITYIO 03a004U€HHOCTh. Y MAIIMEHTOB C
mu30ppeHrell NpUKU3HEHHAs pacipocTpa-
HEHHOCTb PaKa MOJIOYHOW >KeJe3bl BCTpeda-
ercst Ha 25% uarre, 4eM B OOIIeH MOmyJIAInn
[74, 75]. BoABMIMHCTBO BHYTPUIPOTOKOBBIX
OITyXOJIeH  CBEPXIKCIPECCUPYIOT  PEIETITOP
MPOJIAKTHHA, W TIPOJIAKTHH MOXKET CII0CO0-
CTBOBAaTh MPOTPECCHPOBAHUIO OITyXOJIM He3a-
BHUCUMO OT CTaTryca peuenropa. B HegaBHem
WCCIIEZIOBAaHHH, TPOBEICHHOM B DUHIISTHINH,
ObUIO MOKA3aHO, YTO UIUTEIbHOE PUMEHEHNE
AQHTHUTICUXOTHKOB, TOBBIIIAIONINX YPOBEHb
MpOJIaKTHHA (PUCIIEPUIIOH M TaJoNepuon),
OBLTO CBSI3aHO C MIOBBIIICHUEM PHCKA PA3BUTHUS
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paka MOJIOUHOIT sxenessl [76]. I3 anTHncuxo-
THUKOB, HanOoJiee YacToO HCIOJIb3YEMBIX B OH-
KOJIOTHYECKOH MPAKTHKE, PUCIICPUIOH U TajIo-
NEpUI0N Yallle BCEro BBI3BIBAIOT THIIEPIIPO-
JaKTUHEMHIO, TOTJa KaK  apHIHIpasod,
3UNPACHIOH ¥ KBETHAIMH BBI3BIBAIOT MHHU-
MaJIbHOE IMOBBILICHUE TIpOIakTHHA [77]. Aka-
THU3US] MOXKET Pa3BUBAThCS HApSAY C IPYTUMH
IKCTPANUPAMHUIHBIMH ~ CUMIITOMaMH,  OCO-
OEHHO IpU COYETAaHWU AHTUIICUXOTHKOB C aH-
THAMeTHKaMu. HecMoTpst Ha TO, 4TO 3KCTpa-
NUpPaMHUIHBIE CHUMIITOMBI Yalle aCCOLMUPY-
IOTCSI C IPUEMOM THUITUYHBIX aHTUIICUXOTHUKOB,
OHH TaKXX€ MOTYT BO3HHMKATh BO BpeMs Jiede-
HUSI TAKUMH aTUIIMYHBIMU QHTUTICUXOTUKAMH,
KaK PHCIEPUIOH U OJIaH3aINH, 0COOCHHO MpH
UX MIPUMEHEHUH B BHICOKUX 033X [78]. Pery-
JSpHBI MOHUTOpUHT MHTepBana QT Takke
OYECHb BA)KEH, OCOOCHHO Yy OHKOJIOTUYECKHUX
MAIHEHTOB C JIEKTPOJIMTHBIMU HaPyIICHUSAMH
U MPUHUMAIONIAX TPENapaThl, yUIMHSIOIINC
uHtepBai QT, MOCKONBKY €ro yUIMHEHUE MO-
KET TPEPACIIONIaraTh K Pa3sBUTHIO yTPOKAI0-
[IUX JKU3HH JKEIyJ0YKOBBIX aputmuii [79].
Jlanublit moOouHbIN ekt Hanbosee Bbipa-
KEH TIPH JICYCHUH THOPUIA3UHOM, CEPTHUHIO-
JIOM, 3HUIIPACUAOHOM, TaJIONIEPUIOTIOM, PUCTIE-
PHIIOHOM U OJIAH3AITMHOM, XOTS BCEM IaIHeH-
Tam, MOJIyYalONINM aHTHIICHXOTHUYECKUE TIpe-
mapartbl, PEKOMEHIYETCSl PETYJSIPHO IPOBe-
psate unrepsan QT [80]. Mera-ananu3 npume-
HEHUsl aHTHIICUXOTUKOB TIPH TEPaNuy HIH30-
(bpeHnn mokasai, 4yTo mpenapaTamu, Crocoo-
CTBYIOIIMMH TposioHTHpoBanuio QT B MeHb-
el CTETeHH, SBISIFOTCS ApHIMIIPA30i, JIy-
Pa3uIoH, NaTuIepHIoH U azeHanuH [81]. dpy-
r'He cepbe3Hble M000YHbIE AP (HEKTHI, BKIHOYAs
WHCYJIBT U BEHO3HYIO TPOMOOIMOOIHIO, OBLITH
OIUCAHBI B CBSI3H C MPUMCHEHUEM aTHITHYHBIX
AQHTUTICUXOTUKOB B TIOMYJISIIIUY MOXKHJIBIX TIa-
ueHToB [82]. JlomonHUTENbHBIE OMACeHUs
NpY Ha3HAYCHUHU aHTUTICUXOTHKOB BKJIFOUAIOT
PUCK METabOIMYEeCKOTO CHHIpPOMA TIPH JIJTH-
TETLHOM TPHUMEHEHUU (T. €. WHCYJIHMHOPE3U-
CTEHTHOCTD, JUCIUIHICMUS, OKUPCHUE), TH-
MOHATPUEMUIO, CHUKEHUE CYJOPOXKHOI0O MO-
pora B KOHTEKCTE TapajUIebHOTO MpHUMEHe-
HUSI CTEPOUJIOB, JIEKAPCTBEHHBIC B3aMMO/ICH-
CTBUsS, IIOBBINICHUE YPOBHS TEYCHOUYHBIX

TpaHCAMHHA3 M AHTUXOJMHEPTHYECKYHO TOK-
CHYHOCTH (Hampumep, 3amop, CyxocTb BO PTY,
3anepxka Moun). [Ipy Ha3HAYEHUW AHTHUIICH-
XOTHKOB TallMEHTaM C JeTUPUEM €CTh PHUCK
NaJICHUl ¥ BO3HUKHOBEHHS aCIUPAIMOHHBIX
nHeBMoHuil [83]. HazHnauash aHTUIICHXOTHKH,
ClIe/lyeT HauuHATh C MHHUMAIIBHBIX 103 C TI0-
CIICAYIONIMM TUTPOBaHHEM Jisi Oosee OJaro-
npusTHOTO ucxona [84].

IIpuMeHeHne aHKCHOJHUTHKOB W THII-
HOTHKOB B JIeYeHUH KOMOPOMIHBIX ICHXH-
YeCKHX PACCTPOICTB y MAMEHTOB ¢ OHKO-
JIOTHYeCKUMHU 3200/1eBaHUsIMU. MeTaaHanus
70 wccnenoBaHMW IMOKa3aJl, YTO B yupexjie-
HUSIX OHKOJIOTMYECKOW MOMOILIM pacrpocTpa-
HEHHOCTb PaCCTPOMCTBA aJIalITAlliU U TPEBOXK-
HBIX PAcCTPOMCTB cpely MAalMeHTOB COCTaB-
astiet 19,4% u 10,3% cootBerctBenno [1]. He-
CMOTpS Ha TO, YTO CEPOTOHMHEPTUIECKUE aH-
TUJICTIPECCAHTBI OCTAIOTCS OCHOBHOW TpyII-
110, NPUMEHSEMONW B JICYEHHHM TI'€HEPAIN30-
BAaHHOH TPEBOTM U MPOPUIAKTUKH IaHUYe-
CKUX aTaK y OHKOJIOTHYECKUX IallUeHTOB, JIe-
YCHHUE TAKXKE YacTO BKIIOYAET OCH30iHa3e-
MUHBl KOPOTKOTO W JUTHTEIBHOTO JIEHCTBUSI.
benzonnazenuusl yacTto SBISIOTCS Ipemnapa-
TOM BBIOOpa IIPU OCTPHIX CUMIITOMAaX TPEBOTH
U naHuky. Takue mpenapaTbl KOPOTKOTO JAei-
CTBHSI KaK aiIpaszojiaM, JiopazernaMm U OKca-
3eram, MOT'yT ObITh MTOJIE3HBI IIPU MPOBECHUN
KOpPOTKHUX mpoueayp (¢hobus uHBEKUUH, 3a-
kpbitoe MPT) nnu mpuctynax naHuku [76].
Knonazenam u nuazenam A€MCTBYIOT JOJIbIIIE,
IIO3TOMY MOTYT OBITh MOJIE3HBIMH JJIS Jieue-
HUSI CUMIITOMAaTUYECKOW TPEBOTU U OECCOH-
HUIBI. 30JIMUAEM, 30IMKJIOH M 3aJerJioH,
TaKk)K€ M3BECTHBIE Kak “Z-drugs”, sBISIOTCS
HeOEH30/1Ma3eNMHOBBIMU  TIperapaTaMu, Hc-
MOJTE3YEMBIMH TSI JICUSHUS] HHCOMHUHU Y OH-
KOJIOTUYECKHX TMalueHToB. JlaHHas rpymnmna
MpernaparoB 001aaeT MUHUMAITbHBIM aHKCHO-
JUTUYECKUM >PPEKTOM U MEHBIIUM PHCKOM
Pa3BUTHS TOJEPAHTHOCTH W HEXKEJIAaTeITbHBIX
peakiwmii [85, 86]. AHTUrHCTaMUHHBIN TIpena-
par TUAPOKCH3MH MOXKET TaKKe Ha3Ha4aThCs
10 Mepe HEOOXOIUMOCTH IIPY CUMITOMAX Tpe-
Boru [24]. OcHOBHOE MPEUMYIIECTBO HEOEH-
30/IMa3€TIMHOBBIX MPENapaToB 3aKJIIOYAETCs B
TOM, YTO OHH, KaK MPaBUIIO, HE BHI3BIBAIOT 3a-
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BUCHUMOCTH. B mocnieqHee Bpems yBeJlnYHBa-
€TCs YUCIIO ITyOJIUKAIHMiA, OMUCHIBAIOIINX HC-
CclIeIOBaHMsI IIpernapara JeMOopeKcaHTa, siBs-
IOLLErocs ABOMHBIM aHTarOHUCTOM peLenTopa
opekcuHa. Panee nemOopekcaHT mokaszan Xo-
poiryio 3(pPEeKTUBHOCTh U MEPEHOCUMOCTH Y
MAUEHTOB C WHCOMHHEW C 3aTpyJHEHHUSIMU
MIPH 3aCHIIAaHUU M YaCThIMU MPOOYKICHUSIMU
[87]. B HEOOBIIIOM MUIOTHOM HCCIICAOBAHUH
OLICHUBAJIOCh TNPUMEHEHHE JIeMOOpeKcaHTa
IIpY HApYILIEHUSX CHA Y OHKOJOTMYECKUX Ia-
LIMEHTOB, B TOM YHCJIE C ACIUPHEM, PE3YJib-
TaThl ObUTM aHajoruuHel. HecMoTpst Ha orpa-
HUYEeHHs] uccleqoBaHus (HeOosblas BbI-
0OpKa, pPETPOCIIEKTHBHAsI OIEHKA), pPe3yJib-
TaThl 00HAIC)KUBAIOIINE U TOBOPAT O TOM, YTO
B OylyIieM npuMeHeHue npenapara oyaer 6o-
nee mmpokum [88].

IIpumeHeHNe AaHKCHOJMTHKOB W THII-
HOTHMKOB B OTHOIIEHHM CHMIITOMOB, CBfI-
3aHHBIX € OHKOJIOTMYeCKMMH 3a00/1eBaHU-
siMu. beH3oana3enuHbl 4acTo HCIONb3YIOT
JUISL JICUYEHHSI TICHXOMOTOPHOTO BO30YKICHUS
u cyaopor. Ilpu pedpakrepHocT CHUMITOMOB
OHM HCIIOJIB3YIOTCS /ISl NAJJIMaTUBHOW cela-
TUBHOMU Tepanuu. MneanbHbM OeH30/11Ma3€enu-
HOM JIJIs1 UCTIOJIb30BaHUs B MAJNIMATUBHOM 1O~
MOIILHU SIBJISIETCA MMJ1a30J1aM I10 IIPUYUHE CKO-
pocTu HacTyIuleHus 3pQexTa, KOPOTKOH Mpo-
JOJKUTENIBHOCTH IEUCTBHS U OTCYTCTBUS BbI-
paXeHHOTo cuHApoma oTMeHbl. OH paccMar-
pHUBaeTCs KaK OJMH U3 YETHIPEX HE3aMEHUMBIX
MIpernapaToB JUIsl MAalMEHTOB B TEPMUHAJIbHOMN
craaun [89-92]. B koMOWHAIMHU C MPOTHUBO-
PBOTHBIMU CpPEJICTBAMU U IOBEACHUYECKUMU
TEeXHUKaMH, O€H30[Ma3eNUHbl TaKXe MOTYT
ObITh 3()(DEKTUBHBI IPU TOLIHOTE, CBSI3aHHOM C
xumuotepanued [93]. AxBareHHbIH 3y (MH-
TEHCUBHOE OUIYLICHHE LIapanaHusl Mocjie KOH-
TakTa ¢ BOAOW), Bo3Hukaromuid npu BCR-
ABL1-HeraTuBHBIX MHENONPOIH(EepaTUBHBIX
HOBOOOPA30BaHUSX, PE3KO CHIXKAET KayeCTBO
JKU3HH TTAIIMeHTOB C OHKOJOTHEH. AHKCHOJIH-
TUK C aHTUTUCTAMHUHHBIM U aHTUXOJIWHEPTH-
YECKUM JIEHCTBUEM TUPOCKU3UH MOKET OBITH
3¢ EeKTUBEH Y MAlMEHTOB C JaHHOM MaTojo-
rueit [94].

OrpannyeHusi nNpuUMeHeHHUsi, M0004-
Hble dPPEeKThbI U JIEKAPCTBEHHbIE B3aNMO-

neiicTBusi. Hanbouee pacnpocTpaHeHHBIE M0-
60ounble 3 eKThl OCH30AMA3ETINHOB BKIIIO-
YalT CENalUI0, TOJIOBOKPYXKCHHE, MaJCHHS,
YTHETCHUE JbIXaHUs, HapyIIEHUE KOOPIMHA-
IIUH ¥ CITyTAaHHOCTH co3HaHus [76, 93]. V oH-
KOJIOTUYECKHX MAaIIeHTOB OEH30Ma3eTnHbI
IPOTHBOIIOKA3aHbl MPH YTHETCHUH JbIXaHUS
i Opagukapanu. Hekotopeie mo6ouHbIe 3¢-
(exThl OEH30/IMa3ENMHOB, @ UMEHHO CeAalus,
TOJIOBOKPY)KEHHUE U HAPYIICHHE KOOPINHAIIMN
JBW)KEHUH, MOTYT CIIOCOOCTBOBATh UYBCTBY
yCTaIOCTH U c1abocTh. B HEKOTOPBIX cirydasix
NpUMEHEHHE OCH30JMa3eMHOB MOXKET YCy-
IyOJIATh JIC30PHCHTAIIMI0O W HApYyIICHUE Ia-
MSTH WIM JaX€ BBI3BIBATH IapaJlOKCaIbHBIC
3¢ ekt (BO30YKACHHUE, PACTOPMOKEHHOCTB)
y TAlNUEHTOB C TOPAXEHHEM IEHTPAIbHOU
HepBHO# cuctembl [93]. CnemyeT MOMHHUTH,
YTO JJIMTEIbHOE MPUMEHEHHE OCH301a3eI -
HOB MOXXET CIOCOOCTBOBATh Pa3BUTHIO TOJIC-
panTHOCTH U motepe dddexkruBHOCTH. Kak n
OOJIBIIIMHCTBO TICHXOTPOIHBIX TPENapaTos,
OcH30/IMa3eNMHbl  MeTaboIM3upyroTCs  dep-
MeHTHOU cuctemoit CYP450, yto MmoxeT npu-
BECTH K Pa3BHUTHIO JIEKAPCTBEHHBIX B3aUMO-
neiictBuil. Ilpu xoMOuMHMpOBaHUU OeH30Ha-
3€MMHOB C TpenapaTaMu, yTHETAIOMUMHE IIeH-
TPaJbHYIO HEpBHYIO CHUCTEMY (Hampumep, ¢
OIMOUIAMH), BXKHO YYHUTHIBATh MX CHHEPTH-
yeckue 3¢ ¢exTol. CymecTByeT MOTeHIHAb-
HBI PUCK YTHETEHUS IBIXaHUS B pe3yibTare
KOMOMHHUPOBAHHOTO TPUMEHEHUS ONTMOUIOB U
OeH3zoanazenuHoB. Takke CymecTBYyeT CBS3b
MEXIY PUCKOM IEpe03UPOBKU OMUOUIOB U
npueMoM Oen3oauasenutos [94, 95]. He Obu10
NPUBEIEHO HUKAKUX JIOKa3aTeJIbCTB MPSMOM
CBSI3W PHCKA TEPETO3UPOBKU OIHOHIIOB CO
CHOTBOPHBIMHU Tpernapatamu «Z-drugs», on-
HAKO Ha OCHOBAaHWH UX CXOJHBIX (hapMaKoio-
TMYECKUX CBOIHCTB C OeH30AMa3ernuHaMH,
MOJKHO TIPEIIOI0XKHUTH BO3MOXHBIH PUCK TIe-
PEO3UPOBKU NPU COBMECTHOM HCITIOJIB30Ba-
HUH ¢ onmongamu [95].

3akmrouenue. [lcuxuueckue paccTpoii-
CTBa, BKJIFOYAs] TPEBOTY W JETPECCHIO, YacTO
HaOIIOAAI0TCA 'y TMALMEHTOB C OHKOJIOTHYe-
ckumu 3aboneBanusmu. [lcuxodapmakorepa-
IUS TAKKe MOXKET 3((HEKTUBHO CKOPPEKTHPO-
BaTh CHMIITOMBI, CBSI3aHHBIE C OCHOBHBIM CO-
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CTOSIHHEM M IIporeccoM ero JjedeHusi. He-
CMOTpS Ha BO3MOXKHBIE TOO0UHBIE AP PEKTH U
B3aUMOJCHCTBUS C JAPYTMMH JIEKapCTBAMH,
NPUMEHEHHE TICUXOTPOMHBIX IpEernapaToB
OIIPaBIaHO B MHOTHX city4asx. [IpaBuibHO mo-
N00OpaHHBIE W Ha3HAYCHHBIC TCHUXOTPOITHBIC
npenaparsl MOTYT 3HAYUTENBHO YIIy4dIINTh Ka-
Y4ECTBO XKM3HU U PE3YJIbTAThI JICUCHHUST OHKOJIO-
THYECKUX MaIlMEeHTOB.
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Abstract

Background: Hyperandrogenism is the basic indicator of polycystic ovarian syndrome (PCOS) and
a key factor in its pathological processes. Patients with PCOS have higher testosterone levels along
with a decline in the estradiol/testosterone ratio, which may indicate an aromatase dysfunction. The
aim of the study: Investigating the expression levels of CYP19A1 and IncRNA-CTBP1-AS in the
granulosa cells (GCs) of women with and without PCOS. Materials and methods: We compared the
expression levels of CYP19A41 and IncRNA-CTBP1-AS in granulosa cells from 16 PCOS patients and
20 controls who underwent assisted reproductive technology (ART) treatment at the Center for Hu-
man Reproduction and IVF (Rostov-on-Don, Russia) using quantitative real-time PCR. Results: We
observed a significant downregulation of CYP19A41 expression in the GCs of PCOS patients, with
expression levels approximately 4.7 times lower compared to the control group. Furthermore, we
found a positive correlation between CYP19A41 expression and the E2/T ratio in PCOS patients. Con-
versely, PCOS patients exhibited a remarkable upregulation of CTBPI-AS expression in their GCs,
with levels up to 23 times higher than those in the control group. Importantly, we also identified a
significant negative correlation between the expression level of CTBPI-AS and CYP19A1 in the GCs
of PCOS patients. Conclusion: Our results indicate a potential regulatory role of CTBPI-AS in
CYP19A41 expression and suggest its involvement in the pathogenesis of PCOS.

Keywords: PCOS; Polycystic ovarian Syndrome; LncRNA; CYP19A1; CTBP1-AS; gene expression
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Introduction. Polycystic ovarian syn-
drome (PCOS) is a common multifactorial en-
docrinological disorder, that affects around 4 to
20% of women aged 18 to 44 years [1].
It is thought to be the primary contribu-
tor to female infertility due to anovulation [2].
PCOS is highly heterogeneous and diagnosed
by the presence of at least two of the following
three criteria: hyperandrogenism, the polycys-
tic morphology of the ovaries, and oligo- or
anovulation. In PCOS, the steroid hormone im-
balance and high levels of the luteinizing hor-
mone (LH) lead to folliculogenesis disturbance
and anovulation [3, 4]. During ovarian
steroidogenesis, androstenedione and testos-
terone are synthesized in theca cells by
CYPI1A1, CYP17A1, and HSD17B, which
are then converted to estrone and estradiol, re-
spectively, by aromatase in granulosa cells
(GCs) under FSH stimulation [5, 6]. Blood se-
rum and follicular fluid (FF) testosterone and
androstenedione levels are higher in PCOS pa-
tients compared to non-PCOS women,
whereas the estradiol-to testosterone E2/T ratio
is lower [7, 8, 9], which may indicate a defect
in the estrogen biosynthesis mechanism, i.e.,
aromatase dysfunction.

Aromatase is the main enzyme responsi-
ble for the irreversible conversion of andros-
tenedione and testosterone into estrogen and
estradiol, respectively. It is encoded solely by
the CYPI19A41 gene, which is located at chl5
g21.2 [10] and is mainly expressed in the ova-
ries, placenta, testis, adipose tissue, and brain.
CYPI9A41 gene is regulated by a complex
mechanism, the regulatory region is about 93
kb with more than 10 promoters that are acti-
vated differently in a tissue-specific manner
[11]. Among these promoters, PII has been
shown to be an essential promoter in GCs, and
P 1.3 has been identified as a PII enhancer [12].

Recently, studying the role of IncRNAs
in transcriptional and post-transcriptional
modifications has attracted increasing atten-
tion. Dysregulated IncRNAs are involved in
various diseases, such as cancer [13, 14], dia-
betes mellitus [15], cardiovascular diseases
[16] and reproductive disorders [17, 18]. While
several IncRNAs with altered levels have been
observed in plasma, follicular fluid (FF), and

granulosa cells (GCs) of patients with PCOS
[19-22], the full understanding of their patho-
logical mechanisms remains elusive.

LncRNA c-terminal binding protein 1
antisense (CTBPI-AS) — an androgen receptor
modulator — localizes in the antisense (AS) re-
gion of CTBPI in chr4 p16.3. CTBPI consists
of 10 exons, while CTBPI-AS consists of 2 ex-
ons. Both are expressed in almost all tissues.
But the expression of CTBPI-AS is much
lower, according to the UCSC genome browser
https://genome-euro.ucsc.edu/. Previous stud-
ies have revealed the involvement of CTBPI-
AS in the regulation of androgen metabolism
and its association with the androgen receptor
(AR) signaling pathway in prostate cancer
[23]. Furthermore, other research has identi-
fied CTBP1 as a transcriptional regulator of
CYP19 in prostate cancer [24]. Moreover, a re-
cent study has shown overexpression of
CTBPI-AS in breast cancer [25]. But data on
the functional importance of the IncRNA
CTBPI-AS and its role in the pathological
mechanisms of these diseases are sparse.

The aim of the study. Building upon
these findings, we hypothesize that CTBPI-AS,
through its potential interaction with CYP19,
may play a role in modulating androgen and
estrogen balance and the regulation of andro-
gen metabolism in the granulosa cells of
women with PCOS. Therefore, the purpose of
this study is to investigate the expression levels
of CTBPI1-AS and CYP19A1 in granulosa cells
of women with PCOS and explore the potential
correlation between their expression patterns.

Materials and methods

Study subjects

36 women aged (22-40) years were en-
rolled in this case-control study. 16 PCOS pa-
tients and 20 controls underwent assisted re-
productive technologies (ART) treatment at the
Center for Human Reproduction and IVF
(Rostov-on-Don, Russia), in 2021-2022.
PCOS diagnosis was done according to Rotter-
dam criteria, Patients were diagnosed when
they had at least two of the following three cri-
teria: 1) hyperandrogenism confirmed clini-
cally or biochemically; 2) oligo- or anovula-
tion; 3) the polycystic ovarian morphology
confirmed by ultrasound with the presence
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of > 12 follicles (2-9 mm in diameter) in each
ovary, or 20 antral follicles in both ovaries, or
an enlarged ovary with a volume > 10 cm?>. The
control group consists of women who under-
went [IVF/ICSI due to tubal factor infertility or
male infertility. Endocrinological pathologies,
such as hyperprolactinemia, Cushing’s disease,
adrenal hyperplasia, or ovarian tumors, were
excluded from both groups.

Blood serum, follicular fluid and gran-
ulosa cells collection

Morning blood samples were collected
after a fasting period of 12-14 hours. After cen-
trifugation at 3000 rpm for 5 minutes, the se-
rum was separated from the blood samples and
stored at -20°C until further analysis. Addition-
ally, follicular fluid samples were aspirated
during oocyte aspiration. FF without red blood
cells contamination was centrifuged at 3000
rpm for 5 minutes and stored at -20°C until as-
sayed. The granulosa cell samples were col-
lected from follicle fluid in RNA stabilizing so-
lution “IntactRNA” from (Evrogen, Russia)
and stored at -80 °C.

The hormonal analysis

Biochemical analyses were conducted
on blood samples and follicular fluid samples
from 16 PCOS patients and 20 controls. The
levels of FSH, LH, estradiol, AMH, and insulin
were measured using the Beckman Coulter test
systems on the Access 2 automatic analyzer.
The total testosterone, DHEA-S, and SHBG
levels were quantified using the (Alkor-Bio
test systems, Russia) on an Alisey QS auto-
matic immunochemical analyzer. For the
measurement of DHEA, the (DBC test system,
Russia), was utilized on the same analyzer.
Fasting blood plasma glucose was determined
using a LabSystem analyzer from Finland,
with reagents sourced from Biocon in Ger-
many. The HOMA-IR index was calculated us-
ing the formula: HOMA-IR = fasting insulin
(LU/mL) x fasting glucose (mmol/L) / 22.5.

Quantitative real-time PCR

The total RNA was extracted from GCs
using the “ExtractRNA” kit from (Evrogen,
Russia). Synthesis of ¢cDNA from the total
RNA was carried out using the reverse tran-
scription kit “MMLV RT kit” from (Evrogen,

Russia). Following the manufacturer's instruc-
tions, a total of 20 pul reaction solution contain-
ing 6 ul RNA, 1 pl of random primer, and 0.5
pul MMLYV revertase. The reaction mixture was
prepared using RNase-free water. Then the
samples were incubated at 40 °C for 40 min,
and finally, to stop the reaction, the mixture
was incubated at 70 °C for 10 min.

Real time-PCR was performed to meas-
ure the relative expression of CYPI19A41 and
CTBPI-AS in GCs using the SYBR Green
master mix “5X qPCRmix-HS SYBR” from
(Evrogen, Russia) and the QuantStudio Real-
Time PCR Systems (Applied Biosystems,
Thermo Fisher Scientific, United States). The
25 pl PCR reaction solution contains 5 pl (1x)
qPCRmix-HS SYBR, 1 pl of each primer for-
ward and reverse primers, 2 pul cDNA tem-
plates and 16 pl Nuclease-Free Water. PCR
conditions were as follows: 95 °C for 5 min,
followed by 40 cycles of 95 °C for 15 s, 60 °C
for 10 s, and 72 °C for 20 s. This was followed
by high-resolution melting curves of PCR am-
plicons with temperatures ranging from 60 °C
to 95 °C. As internal control, we used GAPDH.
All samples were conducted in duplicate. Fold
changes were calculated using the 2724¢
method. The sequences of the primers were as
follows: CYP19A41, forward primer 5'- GA-
GAATTCATGCGAGTCTGGA -3'; reverse
primer, 5'- CATTATGTGGAACATACTT-
GAGGACT -3'. GAPDH, forward primer 5'-
GGGAAACTGTGGCGTGAT -3'; reverse pri-
mer 5- GAGTGGGTGTCGCTGTTGA -3
CTBPI-AS, forward primer, 5'-
ACAACACAAAGCCCCGGAA -3'; reverse
primer, 5'- AGTGAAGAATGGTCTCGCCC -
3.

Statistical analysis

We used GraphPad Prism 7 for our sta-
tistical analysis. The comparisons of variables
were carried out using a two-tailed unpaired t-
test or Unpaired t test with Welch's correction,
as appropriate. Correlation analyses were per-
formed using a two-tailed Pearson’s correla-
tion coefficient test. The variables were ex-
pressed as means = SEM for each group. Sta-
tistical significance was assessed at p < 0.05.
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Results

Hormonal profiles in blood serum of
PCOS patients and controls

Table 1 presents the hormonal character-
istics of individuals with PCOS and healthy
controls. To assess the androgen profile, we
measured total and free testosterone, dehy-
droepiandrosterone (DHEA), and dehydroepi-
androsterone sulfate (DHEA-S) in both
groups. As anticipated, the PCOS group exhib-
ited significantly higher levels of serum total
and free testosterone and DHEA compared to

the control group. However, the difference in
DHEA-S levels between PCOS patients and
controls was not statistically significant. Nota-
bly, LH, LH/FSH, anti-mullerian hormone
(AMH), and BMI were significantly elevated
in the PCOS group. Additionally, PCOS pa-
tients demonstrated a significant increase in
HOMA-IR levels, while SHBG levels were
significantly lower. Conversely, no significant
differences were observed in FSH and estradiol
levels between the two groups.

Table 1
Hormonal profiles in blood serum of PCOS patients and controls

PCOS Control P value
BMI (kg/m?) 26.26 = 0.702 21.08 = 0.498 0.0003
Total testosterone (nmol/l) 2.138£0.152 1.526 £ 0.068 0.001
Free testosterone (pg/ml) 1.921 £0.302 1.102 £0.125 0.0025
Estradiol (pg/ml) 78.52 +7.937 88.53+9.5 0.3581
LH (IU/) 8.487 £ 0.6384 5.932 £0.298 0.0003
FSH (IU/) 6.195+0.221 6.593 £0.1952 0.1015
LH/FSH 1.38+0.1021 0.8732 +0.0446 <0.0001
DHEA-S (pg/dl) 213.8£22.52 203.9 £ 18.24 0.6205
AMH (ng/ml) 10.83 £0.9158 2.815+0.07954 <0.0001
SHBG (nmol/l) 45.35 + 3.826 73.41 £ 6.624 0.0002
HOMA-IR 1.987 £0.204 0.974 £0.128 <0.0001
DHEA (ng/ml) 5.3214+0.5841 3.814£0.3315 0.0342

Note: BMI Body mass index; LH luteinizing hormone; FSH follicle-stimulating hormone; DHEA-S Dehydroepiandros-
terone sulfate; AMH Anti-Mullerian Hormone; SHBG Sex Hormone Binding Globulin; HOMA-IR insulin resistance

level; DHEA dehydroepiandrosterone.

Follicular fluid hormones profile in
PCOS patients and controls

We evaluated the differences in testos-
terone, estradiol, and progesterone levels in the
FF between PCOS patients and the control
group. The data are presented in Table 2, Fig.
1. Our results showed that PCOS patients had
significantly higher testosterone levels (p =
0.0005) and lower progesterone levels (p <

0.0001) in comparison with the control. While
the increase in the FF estradiol levels of PCOS
patients is not significant (p = 0.0716). How-
ever, the E2/T ratio showed a significant differ-
ence between both groups (p < 0.0001). It was
about two times lower in PCOS patients com-
pared to the control group, with a difference
between means (515 + 111.4).

Table 2
Hormonal levels in follicular fluid of PCOS patients and controls
PCOS Control P value
Mean + SD Mean + SD

Testosterone (ng/ml) 117.4 £15.38 45.31+4.794 0.0005"
Estradiol (ng/ml) 15058 £ 1512 11699 +918.1 0.0716
Progesterone (ng/ml) 55951 + 11474 159247 £ 11721 <0.0001""
E2/T 526.8 +75.23 1042 + 76.28 <0.0001**
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Fig. 1. Distribution of hormones concentrations in the follicular fluid of PCOS patients and con-
trols. (a) Testosterone; (b) Progesterone; (c) Estradiol; (d) Estradiol/Testosterone (E2/T) ratio

CYPI19A1 and CTBPI-AS expression
levels in granulosa cells

We compared the expression levels of
CYP19A41 and CTBPI-AS in GCs of 16 PCOS
patients and 20 healthy controls. We found that
the mRNA levels of CYP19A41 were signifi-
cantly decreased by approximately 4.7-fold in
PCOS patients' GCs compared to healthy con-
trols (p = 0.0268, Fig. 2). Conversely, the ex-
pression level of CTBPI-AS was found to be
predominantly low in GCs of healthy women,
with undetectable levels observed in 8 sam-
ples, while in PCOS patients, the expression

level of CTBP1-AS was significantly elevated,
up to 23-fold higher compared to the control
group (p = 0.002676, Fig. 2). Furthermore,
when exploring the correlation between
CYP19A41 and CTBPI-AS expression, a nega-
tive correlation was observed (r = -0.6540),
reaching statistical significance (p = 0.01531,
Fig. 3). These results suggest that the dysregu-
lation of CTBPI-AS may play a role in the ab-
errant expression of CYP1941 in PCOS, high-
lighting its potential involvement in the patho-
genesis of PCOS.

A B
159 P =0.0268 60-
° P = 0.002676
J s T 40l ]
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0°° L c,ca‘\\' &L
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Fig. 2. The relative expression levels of CYP19A41 (a), and CTBPI-AS (b) in GCs of PCOS
patients and controls
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Fig. 3. Correlation analysis between the expression levels of CYP1941 and CTBP1-AS
in the granulosa cells of PCOS patients

Correlation of CYPI19A1 and CTBPI-
AS expression levels with hormone profiles in
serum and follicular fluid of PCOS patients

Analysis of the correlation between
CYP19A41 expression levels in granulosa cells
(GCs) of PCOS patients and follicular fluid
hormones revealed a negative correlation trend
with testosterone (r = -0.4976, p = 0.083), in-
dicating that higher CYP19A1 expression was
associated with lower testosterone levels.
However, this correlation did not reach statis-
tical significance. No significant correlation
was observed between CYP19A1 expression

and estradiol (r = 0.08306, p = 0.7873). Re-
garding the estradiol-to-testosterone ratio
(E2/T), we observed a significant positive cor-
relation with CYP19A1 expression in GCs of
PCOS patients (r = 0.8715, p = 0.01196), indi-
cating that decreased CYP19A1 expression lev-
els were associated with an altered E2/T ratio)
(Fig. 4). However, no significant correlations
were found between CYP19A1 expression and
serum hormone levels, including testosterone
(r = -0.3708, p = 0.2353), estradiol (r
0.09947, p = 0.7351), or E2/T ratio (r = -
0.08645, p = 0.8005) (Fig. 4).
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Fig. 4. Correlation of CYP19A41 expression levels in GCs of PCOS patients with follicular fluid
testosterone levels, estradiol levels, and Estradiol/Testosterone (E2/T) (A, B, C), respectively;
and with serum testosterone levels, estradiol levels, and Estradiol/Testosterone (E2/T) (D, E, F),

respectively
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When examining the correlation be-
tween CTBPI-AS expression levels in granu-
losa cells (GCs) of PCOS patients and follicu-
lar fluid hormones, no significant correlations
were observed (Fig. 5). The correlation coefti-
cients for testosterone (r = 0.08616, p =
0.7901), estradiol (r = -0.03984, p = 0.8924),
and the estradiol-to-testosterone ratio (E2/T) (r
=-0.2964, p = 0.3462) were all close to zero,
indicating a lack of association between

80

IS
(=3
1

CTBPI-AS expression and these hormone lev-
els in follicular fluid. Similarly, when investi-
gating the correlation between CTBP-AS ex-
pression levels in GCs of PCOS patients and
serum hormone levels, no significant correla-
tions were found (Fig. 5). These findings indi-
cate that CTBPI1-AS expression in GCs may
not directly influence the androgen metabolism
and estrogen biosynthesis.
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Fig. 5. Correlation of CTBPI-AS expression levels in GCs of PCOS patients with follicular fluid
testosterone levels, estradiol levels, and Estradiol/Testosterone (E2/T) (A, B, C), respectively;
and with serum testosterone levels, estradiol levels, and Estradiol/Testosterone (E2/T) (D, E, F),
respectively.

Discussion. Polycystic ovary syndrome
is a highly heterogeneous disease. Hyper-
androgenism is the main diagnostic criterion of
PCOS with an incidence rate of 60-80% [5]
and plays an important role in its pathological
mechanisms. PCOS patients have increased
levels of androstenedione and testosterone in
the serum, and dehydroepiandrosterone
(DHEA) is also elevated in up to 50% of hy-
perandrogenic women [26]. It is believed that
these circulating androgens are from ovarian
sources. It has been shown that there is a sub-
group of PCOS patients with elevated levels of
testosterone in the FF, despite its normal circu-
lating levels [8]. This hormonal imbalance has
a detrimental impact on ovarian function leads

to theca cell hyperplasia, degeneration of GCs,
arrest of follicular development at the small an-
tral stage, and anovulation [27]. GCs in poly-
cystic ovaries fail to increase the expression of
aromatase, which reduces its capacity to syn-
thesize estrogens. Moreover, evidence shows
that polycystic ovaries have an increased ca-
pacity to secrete androgens [7]. In PCOS, ex-
cessive levels of androgens and a decrease in
the E2/T ratio indicate a disruption of androgen
metabolism and estrogen biosynthesis, which
may indicate insufficient enzymatic activity of
aromatase, and this might be due to reduced
expression of CYP19A1 gene, or the presence
of an aromatase inhibitor. Our results showed
a decrease in CYPI9A41 gene expression in
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GCs of PCOS patients by 4.7 times compared
to the control group. which is consistent with a
study conducted in Indonesia on patients with
PCOS. This study showed that the relative
level of aromatase mRNA expression in GCs
was reduced by 2.6 times in PCOS women
with compared to the control [28]. The expres-
sion levels of CYPI9A41 in granulosa cells
(GCs) of PCOS patients exhibited a negative
correlation with testosterone levels and a posi-
tive correlation with the E2/T ratio in follicular
fluid (FF). However, no significant correla-
tions were observed between CYPI9A41 ex-
pression levels and testosterone, estradiol, and
E2/T ratio in the blood serum of PCOS pa-
tients. This lack of significant correlation sug-
gests that the association between CYP1941
expression and hormone levels may be more
pronounced within the local follicular fluid en-
vironment. CYP19A1 is primarily expressed in
the granulosa cells of ovarian follicles and is
involved in the conversion of androgens to es-
trogens. Therefore, the local correlation be-
tween CYP19A41 expression and follicular fluid
hormones may be more evident compared to
the systemic circulation of serum hormones. It
is also possible that the effects of CYP19A41 ex-
pression on hormone levels are more pro-
nounced at the local level within the follicular
microenvironment, potentially influenced by
factors specific to the ovarian follicles such as
paracrine signaling, local concentrations of
factors involved in ovarian steroidogenesis, or
feedback mechanisms.

CYPI9A1 gene spans a region of about
123 kb, including 30 kb coding region and a 93
kb regulatory region with more than 10 proxi-
mal and distal promoters [10, 12]. Each of
them is regulated by a specific set of transcrip-
tion factors, cytokines, or hormones. Although
the expression of the CYPI9A41 gene is regu-
lated differently by a complex mechanism in a
tissue-specific manner. It encodes the same
protein with an identical open reading frame
from exon II to X [12]. It has been shown that
the ovary-specific promoter (PII) is less active
in PCOS GCs. Agarwal and his colleagues sug-
gested that aromatase activity might be regu-
lated locally by aromatase inhibitor com-

pounds in the FF of PCOS patients [29]. Ac-
cording to these data, the expression of 5D-re-
ductase is increased in GCs of PCOS patients,
inhibit the aromatase activity competitively by
blocking its active sites. CYPI9A41 gene ex-
pression can be affected by epigenetic modifi-
cations in the regulatory regions. The epige-
netic markers including H3K9 di-methylation
and H3K9 acetylation as repression and activa-
tion markers, respectively, have been studied
in the chromatin of PCOS cumulus cells at the
proximal promoters of CYP19A41 (PII and PI.3)
[30]. Significant differences in these markers
have been shown in PCOS cumulus cells com-
pared to the control, highlighting the crucial
role of epigenetic mechanisms in PCOS devel-
opment [30]. Recent research has focused on
investigating the involvement of long non-cod-
ing RNAs (IncRNAs) in the pathological
mechanisms of PCOS, revealing the upregula-
tion of IncRNA HUPCOS in GCs of PCOS pa-
tients. This upregulated IncRNA is associated
with hyperandrogenism and androgen excess
by inhibiting aromatase expression in GCs
[31]. Our results revealed a substantial increase
in CTBPI1-AS gene expression by 23 times in
GCs of PCOS patients compared to controls.
Notably, CTBPI-AS gene expression exhibited
a negative correlation with CYP79A41 gene ex-
pression in PCOS patients' GCs, suggesting a
potential inhibitory role of CTBPI-AS in
CYP19A1 expression and its involvement in
hyperandrogenism and PCOS pathogenesis.
Moreover, studies conducted on Chinese and
Indian populations have linked elevated
CTBPI-AS expression in serum with PCOS,
emphasizing its correlation with androgenic ef-
fects and total testosterone levels [32, 33].
However, in our investigation, no significant
correlations were observed between CTBPI-
AS expression levels in GCs of PCOS patients
and the levels of testosterone, estradiol, and
E2/T ratio in blood serum or follicular fluid
(FF). These findings indicate that CTBPI-AS
expression in GCs may not directly influence
androgen metabolism and estrogen biosynthe-
sis. It is plausible that additional factors or reg-
ulatory mechanisms are involved in modulat-
ing steroidogenesis in PCOS patients. Further
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investigations are necessary to unveil the un-
derlying molecular mechanisms driving these
associations and better understand the complex
interplay between CTBP1-AS, hormone levels,
and PCOS pathophysiology.

Conclusion. Our study revealed signifi-
cant dysregulation of CYP19A41 expression in
granulosa cells (GCs) of PCOS patients com-
pared to the control group. This dysregulation
was associated with altered hormone levels
specifically within the follicular fluid (FF). We
also observed an upregulation of CTBPI-AS in
PCOS patients' GCs, and interestingly, this up-
regulation showed a negative correlation with
CYP19A1 expression. These findings highlight
the potential role of CTBPI-AS in modulating
CYPI19A1 expression and suggest its involve-
ment in the pathogenesis of PCOS, particularly
in relation to hyperandrogenism.
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Pesrome

AKkTyanabHocTh: B Poccun oTmedaercs TeHIEHIUS K YBEIUUYEHUIO KoUyecTBa Joaroxurenei. On-
HOW M3 HamboJsiee aKTyalbHBIX MPOOJIEM JUIsl TaHHOM KaTerOpHH HACEJICHUS SIBIISETCS HapylLIeHHe
KOTHUTHUBHBIX (DYHKLUN MO3ra, CHUXKAIOIIee KayeCcTBO KU3HU KaK CaMMX JIOJITOKUTENEH, TaK U UX
pOICTBEHHUKOB. Ha ceroqHsAIHNI MOMEHT B KIIMHUYECKON IIPAKTUKE OTCYTCTBYIOT JIEKAPCTBEHHBIE
CpEICTBa, MO3BOJSAIONINE Y3PPEKTUBHO JIEUYUTh U NMPOPUIAKTUPOBATH KOTHUTUBHBIE HApYILEHUS, B
CBSI3U C 4eM M3y4eHHe (pakTopoB 00pa3a KU3HHU, ACCOLMMPOBAHHBIX C IaHHBIM 3a00JIeBaHUEM, SBIIS-
eTCsl BAKHOM 3aj1aueid 171s pa3paboTKU MOIX0J0B K PO UIaKTHKE pa3BUTHS KOTHUTHBHBIX Hapyllle-
HUH B O3HEM NOKUIIOM Bo3pacte. Ileab ucciaegopanusi: OnpenenuTs HATMUUE U XapaKTep B3au-
MOCBSI3el MEX/y KOTHUTHBHBIM CTaTyCOM U IIOKa3aTessiMu o0pa3a >KU3HHU Joroxureneil. Martepu-
aJIbl U MeTObI: B uccnenoBanuu npuHsum yyactue 2762 10Ar0XXUTENs, MPOKUBAIONINX B pErHOHAaX
HentpansHoro deaepanbHoro okpyra Poccuiickoit deneparuu, BriatoueHHble B epuo ¢ 2019 mo
2021 rr. Y Bcex y4acTHHUKOB ObUI MIPOBEACH TIIATENIBbHBIA cOOp aHaMHe3a C yTOYHEeHHeM HH(popMa-
MU O CEMEMHOM IOJIOKEHUH, 00pa30BaHUM, COLUAIBHO-IKOHOMUYECKOM cTaryce. KOorHuTHUBHBIM
CTaTycC OMpeesiics ¢ moMoIblo mKkainsl Mini-Mental State Examination (MMSE). Ouenka acconu-
aru (hakTOPOB C MOJIOM YYACTHUKOB IMPOBOJUIIACH C TOMOIIIbIO KpuTepreB MaHHa-YUTHU U Y-KBaj-
par. lns OoLleHKH accoruanuu (pakTopoB C HaJIMYUEM KOTHUTHUBHBIX HApYyIIEHUH MCIOJIb30Bajach
joructudeckas perpeccus. Pesyabrarbi: @akropamu pucka A pa3BUTHsS KOTHUTUBHBIX Hapylle-
HUI OKa3aJUCh BO3PACT, KEHCKHUI MOJ, HU3KUHA YpOBEHb 00pazoBaHMs M J10XoJ]a. [IpoTekTuBHBIE
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Abstract

Background: In recent years, an increase in the number of long-living adults has been a dominant
demographic trend in Russia. This population group is highly susceptible to cognitive dysfunctions.
Cognitive impairment disrupts the lives of those affected and puts an immense burden on their care-
givers. Currently, there are no clinically applicable therapies or prevention strategies for cognitive
impairment. Therefore, it is critically important to determine which lifestyle factors contribute to
cognitive decline and to develop well-informed preventive strategies. The aim of the study: The
study sought to identify the association between cognitive status and lifestyle. Materials and meth-
ods: The participants (n=2762) were recruited from 2019 to 2021 from the central regions of Russia.
Detailed medical/case histories were obtained, including marital status, education, and social and
economic background. Mini-Mental State Examination (MMSE) was used to evaluate cognitive sta-
tus. The Mann-Whitney U test and Chi-squared test were used to test the associations between the
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sex and the factors under study. Logistic regression was used to assess the associations between the
factors and cognitive impairment. Results: Age, sex, lower levels of education, and lower income
were risk factors of cognitive impairment. Engaging in physical activity, hobbies, and having a pet
were protective against cognitive impairment. In women, cognitive dysfunctions were correlated with
the duration of menopause. The predictive model for cognitive dysfunctions based on sex, lifestyle
and socioeconomic factors generated (ROC AUC=0.687). Conclusion: The findings confirmed that
cognitive dysfunctions in long-living adults were associated with the socioeconomic factors, marital
status, and lifestyle. The proposed model makes it possible to assess in advance the risk of developing
cognitive impairments in old age and take measures to correct lifestyle to preserve brain functions.
Keywords: cognitive impairment; long-living adults; MMSE; lifestyle; risk factor

For citation: Erema VV, Mamchur AA, Kashtanova DA, et al. Relationship between the cognitive
status of the long-living adults of the Central Federal District of the Russian Federation and socioec-
onomic factors: analysis of associations. Research Results in Biomedicine. 2024;10(2):303-3109.
Russian. DOI: 10.18413/2658-6533-2024-10-2-1-0

BBenenue. KoruuTuBHBIE HAPYLICHUS Y
JIUI] CTap4YeCKOro BO3pacTa SIBISIOTCS aKTy-
ATBHOM TTPOOIEMOM MEIUITUHBI B IIEJIOM U Te-
puaTpuu B 4acTHOCTH. [Ipu nocTukeHuu BO3-
pacta 100 yieT 10718 KOTHUTUBHO COXPaHHBIX
JOJIroKuTENeH cocTaBiseT Beero 15-25% [1].
B nenom, pacipocTpaHeHHOCTb KOTHUTUBHBIX
HapyUIeHU BapbUpyeT MO pe3yJpTaTaM pas-
JUYHBIX HCCIIEJOBAHUM B 3aBUCUMOCTU OT
M3y4aeMOM KOTOPThI U METOJa AMArHOCTUKH
KOTHUTUBHBIX HapyleHHi. Tak, B KOrOpTHOM
uccienoBanuu 2 249 nonroxwuteneit B Januu
yacToTa BBISIBIEHMS] KOTHUTHUBHBIX Hapylle-
uuit (MMSE <23) cocraBuna 55% [2]. B ura-
nessHckoM Mugello Study mpunsinm ygactue
475 nponroxutened, cpend HUX MeHee 21
6amta no MMSE naGpanu okono 43% yuact-
HHKOB [3]. B 00cepBaninoHHOM HCCIICIOBAHUH,
npoBeeHHOM BO ®paHnuu ¢ ydactuem 512
monroxkureneii, mMenee 20 OamroB MMSE
HaOpanu 24% yvactHukoB [4]. KorHutuBHbIC
HapylUIeHHs] B TOXWIOM U CTap4eCKOM BO3-
pacTe pa3uTeNbHO CHIKAIOT KayeCTBO KU3HU
CaMoTo0 NalMeHTa M ero OJIM3KUX, MPUBOISAT K
YBEJIMUEHUIO 3aBHCHUMOCTH IOXHWIJIOTO Yeso-
BEKa B [IOBCEHEBHON KU3HENEATENBHOCTH U K
HEOOXOUMOCTH TPUBJICUYEHUS POJCTBEHHHU-
KOB WM CHJAEIOK A OKa3aHUs ITOMOIIU.
HaknazapiBasich Ha mpojoipKarouieecs JeMo-
rpaduuecKkoe cTapeHue B Pa3BUTBHIX CTpaHaXx,
nalpHellee pa3BUTUE CUTyallud OyJeT OKa-
3bIBaTh JOTIOJIHUTEIBHYIO HArPYy3Ky KaK Ha CH-
CTeMY 37paBOOXPAHEHNUS, TaK U HA BCIO SKOHO-

MHKY 3THX CTpaH. B cBs3u ¢ 3TUM 1iepes coBpe-
MEHHOW HAyKOM CTOUT 3a/1a4ya CHU3UThH YaCTOTY
HACTYIUJICHUS] KOTHUTUBHBIX HAPYIICHUH C BO3-
pacToM, KOTOpBIE ONPEEISIOTCS KaKk TeHeThYe-
CKOH MPeapacioioKeHHOCTHIO, TaK (haKTopamMu
OKpYKaroIlei cpesbl u oopasa sxusuu [5]. Tpu
MCCIICIOBAHUN ACCOLMAIINA MEXTy KOTHHTHB-
HBIM CTaTyCOM U 00pa3oM KHM3HU ObUIO BBISB-
JIEHO, YTO KOTHUTHBHBIC HAPYIIICHUS TECHO B3a-
MMOCBSI3aHBI C KauecTBOM CHa [6], ¢ yrorpebiie-
HUEM 4as/Kode, KypeHueM U (U3MYEeCKOll ak-
THBHOCTBIO [7], a Takke C COIMaIbHON aKTHBHO-
CTBIO U ceMeiHbIM cTaTycoM [8]. Takue B3anmo-
CBSI3M MIPEACTABIISIOT HHTEPEC JUIS OIIPE/ICIICHUs
MOTEHIHAIBHBIX MHIIEHEH, Ha KOTOPhIE MOKHO
BO3JICUCTBOBATh U IyTE€M NPOPUIAKTUKH BO3-
MOXHO CHHM3WTH YacCTOTy KOTHUTHUBHBIX Hapy-
HICHUI B Oy TyIIeM.

HecmoTpss Ha uMerolecs JUTepaTyp-
HbI€ JAHHBIE O PACIIPOCTPAHEHHOCTHU U MPUYH-
HaX KOTHUTHBHBIX HAPYIICHUH B MUPE, HCCIIE-
JIOBaHUE COXPAHSAET CBOIO AKTYyallbHOCTh U B
Poccun, rae Ha TeKymUil MOMEHT JIOJITOXKH-
TEJW M3y4YeHbl HeJocTatodHo. [IpencraBieH-
Hasi paboTa MOCBSIIEHa OIEHKE B3aUMOCBSI3eH
HaJIW4Yds KOTHUTHBHBIX HAPYIIEHUH B BO3-
pacte 90 et u 6oJsiee U MOTEHIIMAIIBHO MOJIU-
¢bunupyembix ¢pakTopoB oOpasza KU3HHU.

Hens wuccaegoBanns. Onpenenutsb
HaJIMYME U XapaKTep B3aUMOCBS3EH MEXTy KO-
THATUBHBIM CTAaTYCOM M TIOKa3aTesiMUA 00paza
AKHU3HH, COLUAIIEHO-9)KOHOMHYECKOTO ¥ MEIH-
LIUHCKOTO CTaTyca JOJATr0KUTENeH.
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Martepuajbl 1 MeTObI HCCIEI0BAHUSA

IIpoBenenne ucciieq0BaHus U dTHYE-
CKoe 0100peHue

HccnenoBanne  mpopospkaercss IO
HACTOSIIEE BpeMs, I aHaiu3a ObUIM OTO-
Opanbl gaHHbIe 32 niepuon ¢ sHBapa 2019 mo
nexkadbps 2021 rr. MccnenoBanue BBIMOTHEHO
Ha 0aze 000COOJEHHOTO CTPYKTYPHOI'O TOJI-
pazaenenus «Poccuickuii TrepoHTOJIOTHYE-
CKUI Hay4yHO-KIMHUYeckuil neHtp» ®rAOY
BO PHUMY wum. IluporoBa cOBMECTHO C
OI'BY «ICIl» ®MBA Poccuu. Uccnenona-
HUE ObUIO 0JI00PEHO JOKAIBHBIM 3TUYECKUM
komuretoM ®I'’AOY BO PHUMY wuwm. Ilupo-
roBa Munsgpasa Poccun OCII PI'HKL, npo-
Tokoi Ne 30 ot 24.12.20109.

JAu3aiin ucciaenosanus u popmupoBa-
HHe BbIOOPKHU

Kpocc-cekimonHoe  HEMHTEPBEHIIMOH-
HOE HCCIeIOBaHueE.

Bribopka wuccrnenoBanust (popmupoBa-
JIaCh TIPOU3BOJIBHBIM CIIOCOOOM: TIOMCK y9acT-
HUKOB OCYIIIECTBIISJICS C TPUBJICYCHUEM COIH-
QTBHBIX CITY’KO, MAHCHOHATOB ISl BETEPAHOB
Tpya, TEPOHTOIOTUUECKHUX LIEHTPOB U IPYTUX
repuaTpuueckux ciayx0. B uccremoBanue
BKJIIOYAINCh JuIAa B Bo3pacte 90 ner u
cTapiie, MPeIOCTABUBIIME MUCHbMEHHOE WH-
(hopMHpOBaHHOE cOTJlacCMe Ha y4yacTHE B HC-
ciefoBaHuM. B o0rielt cosxHOCTH B Hccieno-
BaHue BKItoYeHo 6osee 3000 monroxutenei.
B mnacrosmiyro paboTy BONIIM TOJBKO TE
YYaCTHUKH, JUIsI KOTOPBIX ObLIa HA MOMEHT
HaIMUCaHus padOTHI MPOBEICHA OIICHKA KOTHU-
THBHOIO CTaTyca ¢ ucnoyibzoBanueM Kparkoit
Kbl OIIEHKHU TIcuxu4eckoro craryca (Mini-
Mental State Examination, MMSE) [9]. Dtu
CBEACHMUSI UMENNCh s 2762 y4aCTHHMKOB.
[[lxanra MMSE 1151 Bcex y4aCTHUKOB 3aIioJ-
HAJIACh BPAyOM-TEpUATPOM C MOCIEeAyIoLIei
JOTIOJTHUTEIFHOW OILIEHKOW BPavuoM-HEBPOJIO-
rom. B kadectBe KpuTepusi KOTHUTHUBHOTO
CHIDKEHHUS OBLTO BRIOPAaHO KOJIHMUYECTBO OAITIOB
mo mkaae MMSE wmenee 25 [10]. Cormacho
MPEACTABICHHBIM KPUTEPHUSAM, KOJUYECTBO
JONTOXKUTENEeH 0e3 KOTHUTHBHBIX HApYIIEHUI
cocraBuiio 1361 yenosek (49,3%), a ¢ KOrHu-
TUBHbIMM HapymeHusmu — 1401 denosek

(50,7%). Jns Bcex yd4aCTHHKOB ObLI COOpaH
HOJPOOHBI  COIMAIbHO-/IEMOTpaPrUUeCcKHii
aHamHe3, B TOM YHCJIE OLIEHUBAJICS XapakTep
paboThl, ypoBeHb 00pa30BaHM, yBICUCHUS B
TEUYeHUe KU3HU U Jpyrue (axropsl. uzaiin
UCCIIeI0oBaHMs ObUT OJPOOHO MPEACTABICH B
panee omyoaukoBaHHOM cTatbe [11]. MBI OT-
Oupanu (QakTophl, KOTOpbIE IOTEHIHMAIBHO
MOTJIH OBl CITYXHUTh (PaKTOpaMu pucKa AJis KO-
THUTUBHOTO CHIDKCHMSA, BO3JCHCTBYS Ha
YYaCTHHKAa B TE€UYCHHE OOJIbIIeH YacTH €ero
KHU3HU. YPOBEHb (PM3NYECKOH AKTHBHOCTH B
TE€YeHHE BCEH CBOEW >KHM3HU, JI0XOJ Ha MHKE
npohecCHOHANBLHOM JIeATENIBbHOCTH M Xapak-
TEp TPYJAOBOU AESITEILHOCTU YYaCTHUK OIpe-
JeJIsI 17151 ce0s CaMOCTOSTENBHO.

AHaJIM3 JaHHBIX

AHanu3 JaHHBIX MPOBOJIUICS C TOMO-
B0 sI3bIKa MIporpammupoBanus Python Bep-
cun 3.9. Onenka accoruanuu GakTopoB C I0-
JIOM Y4YaCTHUKOB IIPOBOAMJIACH C IOMOILBIO
KputepreB MaHHa-YUTHU (U151 HEMPEPHIBHBIX
NEPEMEHHBIX) U (-KBaJpat (UIsl KaTeropuab-
HBIX TIEpPEeMEHHBIX). [[J1s1 OLleHKH accoluanuu
(haKTOPOB C HATMYMEM KOTHUTHBHBIX HapyIIIe-
HUI MCIIOJIb30BaNIach JOTMCTHYECKasi perpec-
cus (1107 ¥ BO3pacT paccMaTpuBaIiCh B Kaue-
CTBe KoBapuar). J{1s ydera MHOKECTBEHHOTO
CpaBHEHHs BBoJWJach mnomnpaBka boHdep-
ponu. WrtoroBas mojens Ais NpeacKa3aHus
pHUCKa pa3BUTHSI KOTHUTHUBHBIX HAPYUICHUU B
Bo3pacte 90 JIeT U cTaplile TaKkKe CTPOUIIACH C
HCIOJIb30BAHUEM JIOTUCTUYECKOM perpeccuu.
Ilo naHHBIM 3TOM MOJIENH, BEPOSTHOCTh pa3-
BUTHS KOTHUTUBHOTO cHueHus (P) paccuu-
THIBAJIACh CleAYyIOmuUM obpa3om (1):

1
P —m, rz[ef = const +

8
i_qcoef; - x; (D

Pe3yabTaThl 1 HX 00Cy:KIeHHe

OnucarejbHasi XapaKTepHCTHKA KO-
rOpPTHI 0T 0KUTEJIeH

B anamu3 Bomwio 2762 yuyacTHHKA,
HaOpaHHbIX B mepuo ¢ 2019 mo 2021 rr. Onu-
caTellbHasl XapaKTEPUCTUKA KOTOPTHI JOJTO-
XKUTeNel npeacTaBieHa B Tadmuie 1.
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Tabauya 1 (nauano)
CpaBHI/ITeJILHaH XapaKTepucTuka I[OJ'IFO)K]/ITG.]]Gﬁ, NMPUHABHIUX YYAaCTUEC B UCCTICI0BAHUU

Beginning of Table 1
Comparative characteristics of the long-livers involved in the study

Cpenu myxuus (n=709)

Cpenn xenmuH (n=2053)

Menuana [[AH] /

Menuana [[IU] /

npodeccrnoHaIbHO-
texandeckoe (IITY)
U HETIOJTHOE Cpe/iHee

IomHoE cpennee 00-
paszoBaHue

IITY u nonHoe
cpenHee oOpa3oBa-
HUE

ITonnoe cneunanb-
HOe cpeHee (Tex-
HUKYM)

79 (11,3%)

59 (8,5%)

105 (15,1%)

XapaKTepUCTHKH KOJIHYECTBO KOJHUYECTBO p-value *
KoJa-Bo Koa-Bo
yTBEPIATENb- YTBEPIUTENb-
OTBETOB OTBETOB
HBIX OTBETOB HBIX 0TBETOB
(%) (%)

Bospact 709 9291, 94] 2053 92 [91, 94] 0,04
MMSE 709 24 [21, 27] 2053 23 [19, 26] 6,15*10®
Hannurie KOTHUTHBHBIX HAPYIICHUN 709 314 (44,3%) 2053 1087 (53%) 7,71*10°
IpoxxuBanue | B cene 602 43 (7,1%) 1720 130 (7,6%) 0,81
OOJIBIIYIO
4acTh ®u3HU | B ropoxe 559 (92,9%) 1590 (92,4%)
Mpoxusanue | Oauu/ oxHA 703 287 (40,8%) 2051 904 (44,1%) 0,005
ceiyac

B cembe 306 (43,5%) 757 (36,9%)

B untepHate / mome 110 (15,7%) 390 (19%)

TPECTapENBIX
Cemeitnoe no- | XKenat / 3amyxkem 708 146 (20,6%) 2040 74 (3,6%) 2,1%1047
JIOKEHUE

Broserr / BioBa 541 (76,4%) 1790 (87,7%)

PasBencH(a) 17 (2,4%) 96 (4,7%)

Huxora ne 6b11(a) 4 (0,6%) 72 (3,6%)

B Opake

Bpak 6e3 peructpa- 0 (0%) 8 (0,4%)

8108
Hanwawe nereit 698 648 (92,8%) 2029 1800 (88,7%) 0,002
Konunuectro geteii 3 u Goblire 681 53 (7,8%) 1963 127 (6,5%) 0,273
OGpazosanne | HavanbHoe U HiKe 697 24 (3,5%) 2033 189 (9,3%) 2,2*10°%

HemnonHoe cpennee, 49 (7%) 303 (14,9%)

384 (18,9%)

122 (6%)

369 (18,1%)
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Tabauya 1 (okonuanue)

CpaBHUTeIbHAS XapaKTePUCTHKA J0JIT0KUTeJIel, MPUHABIIUX y4acTHe B HCCJIe[0BAHUH

End of Table 1

Comparative characteristics of the long-livers involved in the study

Cpenu myxuus (n=709) Cpenu xenmun (n=2053)
Menuana [JIU] / Menuana [JIU] /
XapaKTepUCTHKH KOJIMY€eCTBO KOJIMYEeCTBO
KoJa-Bo Koa-Bo
YTBepAUTEb- YTBepAUTEb-
OTBETOB OTBETOB
HBIX OTBETOB HBIX 0TBETOB
(%) (%)
p-value *
HesakoHueHHoe 8 (1,1%) 27 (1,3%)
BhIcIIee (3-4 rona B
WHCTUTYTE)
Briciree 324 (46,5%) 609 (30%)
VYyeHas cTEICHb 49 (7%) 30 (1,5%)
XapaxTtep pa- | ®usnueckas 695 172 (24,8%) 2005 496 (24,7%) 0,0008
OOTBI
YMmcTBeHHas 227 (32,7%) 800 (40%)
Ddusndeckas U yM- 296 (42,5%) 709 (35,3%)
CTBEHHast
Hoxoxn Ha Huskwid 599 18 (3%) 1704 193 (11,3%) 4,13*10
nuke npodec- 22
CHOHAJILHOM Cpennuit 445 (74,3%) 1354 (79,5%)
JESATENBHOCTH
Bricokwuii 136 (22,7%) 157 (9,2%)
Bo3pact Havana TpyJ0BOi e TeNb- 655 18 [14, 20] 1888 18 [15, 20] 0,04
HOCTH
Bo3pact okoH4YaHusI TPy I0BO#i aesi- 628 70 [64, 75] 1878 60 [55, 70] 1,34*10
TEILHOCTH 5
Penvrus Hesepyrommuii 690 229 (33,2%) 2013 325 (16,1%) 1,95*10
21
Bepyromuii 461 (66,8%) 1688 (83,9%)
Hanuuue Gpusnueckoit akTHBHOCTH B 570 301 (52,8%) 1628 600 (36,9%) 4,15*10°
TeyeHHe KU3HU 1
Hannure Xxo00H B TeUCHHE KU3HH 575 227 (39,5%) 1647 722 (43,8%) 0,074
Hamuuue no- | Hanmuue ceituac 595 67 (11,3%) 1702 197 (11,6%) 0,721
MAIILTHETO JKH-
BOTHOTO B Te- | OTCYyTCTBHE B Teue- 388 (65,2%) 1080 (63,4%)
YeHHUE XKU3HU | HUe BCell XKHU3HU
Hanuuue panbiie, 140 (23,5%) 425 (25%)
HO OTCYTCTBHUE Ceil-
yac

[Mpumeuanue: *3HavueHUE MOPOTa CTATHCTUYCCKON 3HAYMMOCTHU C yYETOM IMONpPaBKA boH(eppoHN Ha MHOXKECTBEHHOE
cpaBHenne cocrasisier 0,0016; >KUpHBIM MIPU(TOM BBIZEIEHBI 3HaUeHHs P-Value HibKe mopora CTaTUCTUYECKON 3HAYH-

mocty; I — noBepuTenbHBIN MHTEPBAL.

Note: *The statistical significance threshold taking into account the Bonferroni correction for multiple comparisons is
0.0016; p-values below the statistical significance threshold are highlighted in bold; 1 — confidence interval.
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OO61mas yacToTa BO3SHUKHOBEHHS] KOTHH-
TUBHBIX HAPYIICHUH B U3y4aeMOU KOTOPTE CO-
craBmwia 50,7%. OnHako LEIblO JTaHHOW pa-
00THl HE OBUIO ONpEeAETICHUE BCTPEUACMOCTH
KOTHUTUBHOT'O CHIJKEHUS B MOMYJISIUU JOJI-
TOXKHTENIEH B IIEJIOM, T.K. HCCIEIOBAHUE TPO-
BoaWiIO0Ch 1o mpuHIMIy “all-comers”. Komu-
YeCTBO KEHIIKH B HUCCIIENyEeMON KOropTe 3Ha-
YUTEIHHO MPEBBINIACT KOJIUYECTBO MYKIMH —
2053 (74,3%) u 709 (25,7%), COOTBETCTBEHHO.
DTO KOCBEHHO TMOATBEPXKAAeT (PakT, U4TO IS
KEHIIMH XapakTepHa OoJiblIasi MPOAOIIKU-
TENBHOCTB XKU3HU. [lToMIMO 3TOTO0, Cpean KeH-
IIMH JOCTOBEPHO Yallleé BCTPEYAIOTCS BIOBBHI,
YTO MOXET CBHJETEIHCTBOBATH O TOM, YTO
YKCHILMHBI B LIETIOM >KUBYT JIOJIBIIE U YaIlle UX
MIPOJIOJKUTEILHOCTD JKU3HH MPEBBIMIALT TPO-
JOJKUTENBFHOCTD JKU3HU Cynpyra. 9To coria-
CYeTCsl C MUPOBBIMH JJAHHBIMU O TOM, YTO TIPH
Pa3IMYHBIX BO3PACT-aCCOLIMUPOBAHHBIX HO30-
JOTHsIX HAOIIOAAaeTcsl MEHbIIas CMEPTHOCTH
CpeIu KEHIIHUH 10 CPAaBHEHUIO C MY>KUYMHAMHU
B pa3HBIX BO3PACTHBIX Kareropusx [12].

OpnHako cpeau KeHIIUH-A0IT0KUTEeH
qamie HaONIoJaNuch KOTHUTHUBHBIC Hapylle-
HUS, YeM CpelAd MYKUYHMH-JONTOXKHUTENeH
(53,0% mpoTuB 44,3%), 3TO OTpaKanoch B 60-
nee HU3KuX O6amtax MMSE BHe 3aBuCHMOCTH
ot Bo3pacta (Puc. 1). JlonomHutensHo meTo-
JIOM JIOTMCTHYECKOM perpeccuu OblLia MmpoBe-
JIeHa OIlEHKAa PUCKAa HAJIM4YUs KOTHUTHBHBIX
HapyIIeHUH, KOTOPBINA OKa3ajcs y )KeHIIUH Ha

30+

254

Bannel MMSE
—_ ]
w o

=
o
1

(%]
1

37% Beime, yem y myxuud (OR=1,37, p-
value=0,0003). uTepecHo, 4TO B HCCIemye-
MOM KOTOPTE CPEIU MY>KUMH U JKEHIIUH TAKKE
ObuTH OOHAPY’KEHBI PA3IUYHUS 10 Py PaKTo-
POB, MOTEHUMAJIBHO BIUSAIOMINX HA KOTHUTUB-
HBIU cTaTyC. TaK, KEHIIMUHBI TOCTOBEPHO PEKE
HMeJH BbICIIee 00pa3oBaHue, BRICOKUN JOXOT
Ha MHKe NpodecCHOHANBHON AEITEIbHOCTH U
JIOCTaTOYHBIM YPOBEHb (PM3UUECKON HArpy3Ku
B TEUEHUE KU3HMU, a TAKXKE BBIXOAWIN HA MEH-
CHUIO paHbllle MyX4uH. [Ipy 3TOM, KEHILUHBI
yalie SBJBUINCHh BEPYIOLIMMU U UMENH Ipe-
HMMYILECTBEHHO YMCTBEHHYIO pabdory. Onu-
CaHHbIC TEHJCHLUU BEPOATHO OOYCIOBIICHBI
COLMOKYJIBTYPHBIMU (DaKTOpaMH, TOJ BIIHUS-
HHUEM KOTOPBIX MPOXOAMJIA )KU3Hb HBIHEITHUX
JIOJITOKUTENENH, OJHAKO OHUM MOIJH OBITh U
MPUYUHONW JAJbHEUIINX pa3Iuuyuii B KOTHH-
THUBHOM CTaTyce€ MYXUYMH U  IKEHIIUH
(Tabum. 1).

Bo3spact oxugaemo cBSi3aH CO CHUXKe-
HueM OamnmoB MMSE BHe 3aBucuMOCTH OT
110J1a, OJTHAKO Y >KCHILUH TEHJCHIIHS K CHUXKe-
Huto Habmromaercs Oosiee oTuernBo (Pucy-
HOK). C yBenm4ueHneM Bo3pacTa Ha | roj puck
HaJqu4usli KOTHUTUBHBIX HapyUIEHUH TMOBBI-
mrancst Ha 4,5% (OR=1,045, p-value=0,0077).
VYBennuenue 6aioB MMSE B rpymnne yuact-
HukoB ctapuie 100 jer, nmpeacTaBiIeHHOE Ha
pucyHke 1, cBA3aHO ¢ HEOOJBIIUM KOJIHYE-
CTBOM YYaCTHHUKOB 3TOW BO3PACTHOM I'PYIIIBI.

Mon
MKeHCKWi
My>»ckoi

90 91 92 93 94 95 96 97 98 99 100 101 102 103 104 107
Bo3pact

Puc. Pacnpenenenue 6amnos MMSE no momny u Bo3pacty
Fig. Distribution of MMSE scores by gender and age


https://paperpile.com/c/4Qyust/UQzR

OpueuHaJleaﬂ cmamaous

Epema BB, u dp. C8s13b medxtcdy KOZHUMUBHBIM CMAMYCOM ... 310

Original article Erema VV, et al. Relationship between the cognitive status of ...

OnucaHHble pe3yibTaThl U paHee OIyo-
JIMKOBAaHHBIE JAHHbBIE IIOKa3bIBAIOT, YTO JUIS
KEHILIWH XapaKTepHa YCTOMYUBOCTh KO MHO-
MM BO3PAacT-aCCOIMMPOBAHHBIM 3a00JeBa-
HUSM, 332 MCKIIIOYEHHEM KOTHMTHBHOI'O CHHU-
xenust. Hanpumep, B CLLIA 3a 2011 rox »xen-
IMHBl yMUpaK 10 12 u3 15 OCHOBHBIX HpH-
YUH CMEpPTHU PEXe, YeM MY>KUuHbL. [[Be mpu-
9uHBI (MHCYIBT U O00sie3Hb [lapkuHCcOHA) OBLITH

B3auMocBsi3b ceMEHHOr0 MOJI0KEHUSA U

IPHOJIM3UTENILHO PaBHBI MEXk Ty mosamu. On-
HAKO dYalle MY)KYMH SKCHIIUHBI YMHPAIH
TOJBKO OT Ooje3nu Aubireiimepa [13], uto
JIOTIOJTHUTEIBHO MTOATBEPIKIAET MTOBBIIICHHBIH
PHCK JIeMEHIMH JUisi sKeHIuH., Takum oOpa-
30M, )KEHCKHUH T10JT ¥ BO3PACT SIBJISIFOTCS JOCTO-
BEPHBIMHU (paKTOPAMH PHCKaA [T BOSHUKHOBE-
HHsI KOTHUTHBHBIX HApyIICHHUH.

Tabnuya 2
KOTHUTHBHOTIO CTATyCa y J0JT0KUTeei
Table 2

Relationship between marital status and cognitive status in long-livers

Cpenn KOrHu-
THBHO CHH-
JKEHHBIX
n=1661

IMapamertp

Cpeau Korum-
THBHO COXPaH-
HBIX
n=1101

p-value (c mo-
OIlI [aH] NMPAaBKOii HA MOJI
u Bo3pacr)”

Cwmepts oTiia B panHeM Bo3pacte (Meree | 517 (31,1%)
55 ner)

345 (31,3%)  |0,99 [0,84, 1,17] 0,938

Cmepts MaTepu B panHeM Bo3pacte (Me- | 327 (19,7%)
Hee 65 nerT)

198 (18%) 1,11 0,91, 1,35] 0,312

CemeliHoe XKenat/3amysxem 111 (6,7%) 109 (9,9%) 0,75 [0,56, 1,00] 0,053
OJIOKEHUE
Brosewn/Bnosa 1429 (86%) 902 (81,9%) 1,29 [1,04, 1,59] 0,019
Passenien(a) 58 (3,5%) 55 (5%) 0,67 [0,46, 0,97] 0,035
Hukorna e 6bu1(a) B 47 (2,8%) 29 (2,6%) 0,98 [0,61, 1,57] 0,919
Opaxe
B 6pake 6e3 peructpa- 3 (0,2%) 5 (0,5%) 0,38 0,09, 1,61] 0,190
IUU
Hanwuune nereit 1476 (88,9%) [972 (88,3%) 1,11[0,87, 1,41] 0,407
Hasmnuue 3+ nereit 117 (7%) 63 (5,8%) 1,27 [0,92, 1,74] 0,146

HpI/IMC‘IaHI/IeI *3HaueHue nopora CTaTUCTUYECKON 3HAYUMOCTH C YUYCTOM IOIIPABKH BOH(I)GppOHI/I Ha MHOXCCTBCHHOC

cpaBHenue coctasisier 0,001; OLL — oTHOLIEHNE IAHCOB;

AW — noBepuTenbHBIN UHTEPBAI.

Note: *The statistical significance threshold taking into account the Bonferroni correction for multiple comparisons is

0.001; OILI - odds ratio; 1N — confidence interval.

®aKkTOpbl, ACCOUMUPOBAHHBIE C KO-
THUTHBHBIM CHHKE€HHEM

B kauectBe (HaKTOpPOB, KOTOpHIE MOTYT
OBITh CBSI3aHBI C KOTHUTHBHBIM CTaTyCOM, MBI pac-
CMOTpENU CeMeHHOe MOJIOKEHHe, 00pa3 KU3HH,
obpaszoBanme u Xapakrep paborer (Tabm. 2,
3, 4). Taxxe 1 JKEHIUH OTJEIbHO YUUTHIBA-
JIMCh KOJIMYECTBO OEPEMEHHOCTEH, POJIOB 1 BO3-
pacT HacTyIuieHus: MeHomnay3bl (Taom. 5).

HecmoTpst Ha mMeromecs JIMTepaTyp-
HBIE IaHHbIE, CBUJIETEIbCTBYIOIINE O TOM, YTO

JFOIM, JTONTO JKUBYIIME ONHU (B pa3BOJE WU
BJIOBBI/BJIOBIIBI) UMEIOT 0OJiee BBICOKYIO da-
CTOTYy KOTHUTHBHBIX HapyIIEHUH MO cpaBHe-
HUIO ¢ JIIOJBMU C HEJIABHO pacraBIIMMCs Opa-
koM [14], B Ha1IeM HCClieIOBAaHUH TAKKX aCCO-
nuamii He 6puT0 oOHapyskeHo (Tabm. 2). bo-
Jee TOTo, HU OAWH U3 (aKTOPOB, OMHUCKHIBAIO-
IUX CEeMEWHOE IOJIOKCHHE YYaCTHHKOB WC-
CJIEIOBaHMsI, HE MOKa3all CTaTUCTUYECKHU 3Ha-
YUMOW acCONMAlU C HAJIMIUEM KOTHUTHB-
Horo cHwxkeHus (Tabm. 2).
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Tabnuya 3
B3aumocBa3b 06pa3a KU3HU U KOTHUTHBHOTO CTaTyCa 'y l]OJ]FO?KI/ITeJICﬁ
Table 3
Relationship between lifestyle and cognitive status in long-livers
ano o | o coxpan p-value (¢ o-
IMapamerp P oul [au] NMPaBKOH HA MOJ

JKEHHBIX HBIX 1 Bo3pact)”

n=1661 n=1101 P
Ipoxusanne | B cerne 104 (7,6%) 69 (7,2%) 0,97 [0,71, 1,32] 0,837
00JIBILYIO
4acTh KU3HU
(nocremmme 40 B ropoxme 1265 (92,4%) |884 (92,8%) 0,8 [0,66, 0,96] 0,0003
JIeT)
[MpoxxuBanue B | Onuu 667 (40,4%) 514 (46,9%) 0,78 0,67, 0,92] 0,002
HACTOSIIIUHA MO-
MeHt B cembe 633 (38,4%) 430 (39,3%) |0,97[0,83, 1,14] 0,716

B unTepHare/ 349 (21,2%) 151 (13,87%) |[1,64 [1,33, 2,03] 3*106
JIOME IPECTAPENBIX

Hanuuue pusnueckoil akTuBHOCTH B Te- | 462 (35,6%) 439 (48,7%) 0,6 [0,51, 0,71] 7,4%10°10
YEeHHUE KU3HU
Hannuue xo00u B TeueHHE KU3HH 449 (34,4%) 500 (54,6%) 0,45[0,37,0,51] 7,8%1024
Hanuume pomamidero »xxuBoTHOro ceii- | 419 (31%) 410 (43,4%) 0,57 [0,48, 0,67] 1,8*101
4ac WU B TEUECHUE KU3HU
Penurus (jro0as) 1288 (79%) 861 (78,7%) 0,91 [0,76, 1,1] 0,347

HpI/IMe‘IaHI/IeZ *3HaueHue nopora CTAaTHCTUYECKOH 3HAYMMOCTH C YUYCTOM IIOIIPABKH BOH(I)GppOHI/I Ha MHO>KCCTBCHHOC
cpasuenue cocrapisieT 0,001 ; >KUpHBIM IPU(TOM BBIZEIEHBI 3HaUEHUS P-Value Hike mopora CTaTHCTHIECKOM 3HAYNMO-
ctu; O — oTHOmIEeHKe maHCcOB; J{M — mOBepHUTENbHBINA HHTEPBAI.

Note: *The statistical significance threshold taking into account the Bonferroni correction for multiple comparisons is
0.001; p-values below the statistical significance threshold are highlighted in bold; OIII — odds ratio; JI1 — confidence

interval.

Bonpnras JacThb JIOJITOKUTEIIEH
(~92,5%) kak B rpynmne COXpaHHbIX, TaK U B
rpynne ¢ KOTHUTHBHBIMU HAPYIICHUSMH TTPO-
xwuBaia nociennue 40 et B ropoae (Tabu. 3),
YTO CBSI3aHO C OCOOCHHOCTSIMU Habopa yJacT-
HUKOB HccienoBaHus. HecMoTpst Ha TO, 4TO
JUIS TOPOACKUX JKUTEJIe ObUIO MOKa3aHo CTa-
TUCTUYECKH 3HAYMMOE CHIDKEHUE PUCKA HAITU-
9Us KOTHUTHUBHBIX HAPYIICHHWHA, CYIIESCTBEH-
HBII KOJIMYECTBEHHBIN IIEPEBEC B ATOM IPYIIIE
10 CPAaBHEHUIO C MPOKUBAIOIIMMH B CeJie HE
MO3BOJISIET TOBOPUTH O JOCTOBEPHOCTH pe-
3yJbTaToB. [IpokrBaHWE B HACTOSIIIUUA MO-
MEHT B WHTEpHATE WJIH JIOME IMPECTAPENbIX
OKa3ajochk Ooyiee XapaKTEePHBIM ISl y4aCTHU-
KOB C KOTHUTHBHBIMH HapymieHusmMu (Tabi.

3), 9TO CKOpEE BCETO SABISAETCA CISACTBHEM HX
HETPYAOCIIOCOOHOCTH B CBSI3U C OIHCHIBae-
MBIM cocTostHuEM. Kpome Toro, KOrHUTHBHBIE
HapylIeHUs pPeKe BCTPEUAINUCh y JIIOAEH, KO-
TOpbIe ObUTH (U3UYECKH aKTUBHBI B TCUCHHE
CBOCH >KH3HHM U UMENIM JIOMAaIlHee KHUBOTHOE
(Tabn. 3). Ponp (usnueckoit akTUBHOCTH B
npoUIaKTHKEe KOTHUTUBHBIX HAPYIIICHUHA U3-
BecTHa AaBHO [15, 16]. Takke BayKHYIO POJIb B
npoduIakTUKe IEMEHIINH UTPAeT ColUaIbHas
akTHBHOCTH [17]. A Hanuuue >KHBOTHOTO MO-
KET CHOCOOCTBOBATH YIYUIICHHUIO (u3mue-
CKOM W COIMAJIbHOW aKTUBHOCTH, TEM CAaMBIM
BHOCS BKJIAJl B NMPO(HUIAKTUKY KOTHUTHUBHBIX
HapyILIECHU.
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C KOTHUTUBHBIM CTATYCOM Y IIOJIFO)KI/ITCJIeﬁ

and the cognitive status in long-livers

Tabnuya 4

B3anMocBs3b 00pa3oBaHusl H XapaKTepa TPYA0BOM AeTeJIbHOCTH

Table 4

The relationship between education and the nature of work activity

Cpenu KOrHH-

Cpenu Korum-

p-value (c mo-

HOCTH (yBenuueHue Ha 1 rox)

IMapamerp THBHO CIH= | THBHO cOXpa- ol [aun] NMPaBKOH HA MOJ
JKEeHHBIX HBIX "
n=1661 n=1101 M BO3pacT*)
Oo0paszopanue | HayambHOC 1 HIKE 173 (10,6%) 40 (3,7%) 2,98 [2,09, 4,25] 1,5%10°
Henomnroe cpennee 245 (14,9%) 107 (9,8%) 1,56 [1,23, 1,99] 0,0003
IMonHoe cpeanee 321 (19,6%) 142 (13%) 1,56 [1,26, 1,94] 5*10°
Ty 120 (7,3%) 61 (5,6%) 1,37[0,99, 1,88] 0,05
TeXHUKYM 290 (17,7%) 184 (16,9%) 1,04 [0,85, 1,28] 0,68
HeokxoHueHHOE BBIC- 19 (1,2%) 16 (1,5%) 0,74 10,38, 1,45] 0,381
mee
Briciiee 451 (27,5%) 482 (44,1%) 0,49 0,42, 0,58] 9*10-18
VuénHas creneHb 20 (1,2%) 59 (5,4%) 0,24 10,14, 0,4] 5,2*108
Bospacr Hayana TpyJoBoOii JesATENbHO- | - - 1,00 [0,9995, 1,00] 0,996
ctu (yBenmueHne Ha 1 rox)
Xapakrep pa- | [IpeumyinecTBeHHO 508 (31,5%) 160 (14,7%) 2,64 2,17, 3,22] 9*1022
0OTHI ¢dusndeckas
IpeuMyLIeCTBEHHO 507 (31,5%) 520 (47,7%) 0,47 [0,40, 0,56] 4,6*10%
YMCTBEHHAsI
U dusnueckast, u ym- [ 595 (37%) 410 (37,6%) 0,96 [0,82, 1,12] 0,591
CTBEHHAs
Joxon Ha nuke | Huskwmii 143 (10,6%) 68 (7,2%) 1,3410,99, 1,81] 0,06
npodeccuo-
HaJIbHOU nes- Cpe):[HHI)’I 1073 (79,7%) 726 (75,9%) 0,95 [0,81, 1,11] 0,509
TEILHOCTH
Bricokuii 131 (9,7%) 162 (16,9%) 0,52 [0,40, 0,67] 2,2*107
Bospact OKOHYAHHsI TPYAOBOM A€sATeNb- | - - 0,9999 [0,9993, 0,707

1,00]

HpI/IMe‘IaHI/IeZ *3HauyeHue rnopora CTAaTUCTUYECKON 3HAYMMOCTH C YUCTOM IOIPAaBKH BOH(i)eppOHI/I Ha MHO>XXCCTBCHHOC
CpaBHCHHUC COCTABJIACT 0,001, JKUPHBIM HIpI/I(l)TOM BbIACJICHBI 3HAYCHUSA p-value HUKE Iopora CTaTUCTUYECKOM 3HAUUMO-
ctu; Ol — oTHOMIEHNE TT1aHCcOB; I — 1OBEpUTENbHBII HHTEPBAIL.
Note: *The statistical significance threshold taking into account the Bonferroni correction for multiple comparisons is
0.001; p-values below the statistical significance threshold are highlighted in bold; OIII — odds ratio; 11 — confidence

interval.
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Tabnuya 5

B3aumocBs3b MEXKITY KOJINIECTBOM 6epeMeHHOCTeﬁ, poaoB, BO3pacTOM HACTYIIJICHUHA
MEHOIIAYy3bl U KOTHUTUBHBIM CTATYyCOM Y )I(eHIHI/IH'Z[OJII‘O)K](ITeJIeﬁ

Table 5

The relationship between the number of pregnancies, births, age at menopause
and cognitive status in long-lived women

Ol [aH] p-value
IHapamertp N *
(npu noBbiieHUU Ha 1 equHULY) (c monpaBKoii Ha BO3pacT)
KonnuectBo GepeMeHHOCTEN 0,9998 [0,9992, 1,00] 0,57
KonruectBo poioB 0,9998 [0,998, 1,00] 0,82
Bospact MeHOmay3bI 0,9991 [0,9988, 0,9996] 0,0001

HpI/IMe‘IaHI/IeI *3HaueHne nopora CTAaTHCTUYECKOH 3HAUYMMOCTH C YUYCTOM IOIIPABKH BOH(beppOHI/I Ha MHO>KCCTBCHHOC
CPpaBHCHHUC COCTABJIACT 0,001, JKUPHBIM H.IpI/I(I)TOM BBIACJIICHBI 3HAYCHUA p-value HWKC Iopora CTaTUCTUYECKOM 3HAUNMO-
ctu; O — oTHOmIEHHE 1aHCOB; I — NOBEpUTENBHBIN HHTEPBAIL.

Note: *The statistical significance threshold taking into account the Bonferroni correction for multiple comparisons is
0.001; p-values below the statistical significance threshold are highlighted in bold; OIL — odds ratio; 1 — confidence

interval.

[Tpu ananmu3e B3aUMOCBSI3EH MEXIY 00-
pa3oBaHUEM, XapaKTepOM TPYIOBOMH JesTelb-
HOCTH, JIOXOJIOM M KOTHHTHBHBIM CTaTyCOM,
HaIlle WCCIIEIOBAaHUE BBISBUIIO, YTO MPOTEK-
TUBHBIMHU (DAKTOPAMU SIBISUTUCH HATUYHE Y Ye-
JIOBEKA BBICIIEr0 00pa30BaHMs M yYEHOH cTe-
TIEHH, TIPEMMYIIECTBEHHO YMCTBEHHBIN Xapak-
Tep TPYAOBOH NEATENBHOCTH, BBICOKMH YpO-
BEHb J0X0/1a Ha TTUKE MpodeccCuoHaIbHOM Je-
arenbHOCTU (Tabn. 4). Ilo manHBIM OOCepBa-
ITUOHHBIX UCCIIEIOBaHUI TaBHO U3BECTHO, YTO
yYpOBEHb 00pa3oBaHUs 0OpPaTHO KOPPETUPYET
C YacTOTOM BO3HUKHOBEHHUS KOTHHTHBHBIX
HapyIIeHUH, TeMEeHIIMN 1/ UK 00Ie3HbI0 AJTb-
nreiimepa [18, 19]. I1pu aTomM HexpocTaToK 00-
Hapy’>KEHHOW accoLMalM CBSI3aH C TE€M, YTO
BBEIOPAaHHOMY METO/Y OLIEHKH KOTHUTHBHOTO
ctaryca (6amiam MMSE) cBolicTBeHHa KOppe-
TS ¢ YPOBHEM 00pa30BaHUs B CBSA3H C OCO-
OEHHOCTBIO (OPMHUPOBAHUS CAMOW IIKAJIbI
MMSE [20].

OnHako BaXXHO OTMETUTh, YTO KOTHHM-
TUBHO-CTHUMYJIUPYIOIIAs JESTETHHOCTh CBSI-
3aHa HE TOJBKO C (opMajabHBIM 00pa3oBa-
HUEM, HO B C HHTEIUICKTYaJIbHOU CIIOKHOCTBIO
paboThl M BOBJICUEHUEM B PA3IUYHBIC BHJIBI
YMCTBEHHOW aKTHUBHOCTH B CBOOOJTHOE BPEMSI.
[TosTOMy HEyIMBUTENIBHO, YTO YMCTBEHHBIN
XapakTep paboThl M HaJM4Kue X000u B TeUeHHE
KHU3HHM B HAIlleM MCCIIEJJOBAHUU TaKXKe SBIIS-
JUCh  TPOTEKTUBHBIMU  (aKTOpamu st

koruuTHBHON QyHkuuu (Tabn. 4). Kpome
TOT0, HU3KHI YPOBEHb 00pa30BaHUs JOBOJIBHO
4acTo BIIEYET 332 COOOW HHU3KHUU YPOBEHB JIO-
Xo7a B MpOo(eCcCHOHAILHOW JeSITeIbHOCTH,
YTO TAaKXKe SBHIIOCH (PaKTOPOM PUCKA B HAIIIEM
uccienosanuu (Ta6m. 4).

Jst 1699 sxeHIMH MBI TOTIOTHUTEIIBHO
NIPOAHAIM3UPOBAIT B3aUMOCBS3b MEKIY KO-
THATHBHBIM CTaTyYCOM M aHAMHECTUYCCKHMHU
JTAHHBIMH, OTPAKAIOLUMH PE3KHE TOPMOHATb-
HbIC U3MECHEHHUS B OPTaHNU3ME KCHIIUH - KOJIH-
4ecTBO OepeMeHHOCTeH, poJOB M BO3pacT
HacTyIuieHus: MmeHomnays3sl (Taour. 5).

I[Ipy  BO3HUKHOBEHMHM KOTHUTHBHBIX
HapyIIEHUH y JKEHIIUH 3HAYeHHE MMEJ BO3-
pacT HACTYIUICHHS MEHONAy3bl — YeM MO3Ke
HacTymaja MEHOIay3a, TeM PeXe Yy >KCHIINH
HaOJIFO/IaJIMCh  KOTHUTHBHBIC — HApPYIICHUS
(Tabn. 5). B To xe BpeMsi koau4ecTBO Oepe-
MEHHOCTEH M POJOB HE IMOKa3aJi0 aHAJIOTHY-
HEBIX aCCOIIMAIIUH.

HccnenoBatensMu B JaHHOH 00JacTu
paccMaTpuBaeTCs THIIOTE3a O BOBJICYCHHOCTH
T€HOB, OTBETCTBEHHBIX 3a PEILEILHUI0 ICTPO-
reHa, B Pa3BUTHE JEMEHIIMM ¥ KOTHUTHBHBIX
Hapyuenuii [21]. CeTb penenTopoB 3CTporeHa
SIBJIIETCSI OJTHOM M3 OCHOBHBIX PETYJISATOPHBIX
CHCTEM MO3ra. DCTPOreHbI PErYIUPYIOT SHEP-
TeTHYEeCKHid MeTabOM3M B MO3Te, MO3TOMY
U3MEHEHMs MO0 B JIOCTYIHOCTHU 3CTPOTeHA,
1100 B CETH €r0 PEEenTOPOB MOTYT BIUSThH Ha
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BHYTPUKIIETOYHBIM  CUTHAJIMHT, (QYHKIIHIO
HEUPOHHOM LENU U JOCTYIHOCTb DJHEPIUH
[22]. Hedbunmt scTporena urpaet poJib B Mpo-
[[eccax, CBSA3aHHBIX C pPa3BUTHEM OOJIE3HU
AnbireiiMepa, BKIIIOYasi MPOIECCUHT OerKa-
MPEIIIECTBeHHUKA aMUJION1a C 00pa30BaHUEM
CEHWJIBHBIX OJIsiteK, pochopuaIupoBaHue Tay-
Oenka ¢ oOpa3oBaHUEM HEHUPOPHOPHIUIAPHBIX
KIIyOKOB, 1epeavy curaaioB Wnt, ¢ TpaHcrop-
TOM TJIFOKO3bI B TOJIOBHOM MO3T U €€ MeTa00IH3-
MoM [23]. T'opMOHaIbHBIE U3MEHEHHsI B Opra-
HU3ME KEHIIMH, TPOUCXOAAIINE TPH HACTYTIIe-
HUM MEHOIIay3bl, B HAIIIEM HUCCIICIOBAHUH TIOKa-
3aMM JOCTaTOYHYIO CTATUCTUYECKYIO 3HAYM-
MOCTB TIPH OIIEHKE UX aCCOLUALINH C KOTHUTHB-
HBIM cTaTycoM. BeposiTHO, 3T OMOXUMHUYECKHEe
MPOLIECCHI, CBSI3aHHBIE C METAa0O0IM3MOM 3CTPO-
reHa, HAKJIAIbIBAIOTCS HA JPyrHe OIMCAHHBIC
(akTophl pUCKa, TEM CaMbIM yCHIIUBas UX (-
¢bexT. B nanpHelineM He00X0IMMO MPOBEACHUE
PaHIOMU3UPOBAHHBIX HCCIICJIOBAaHUH, HAaIpaB-
JICHHBIX Ha U3y4YE€HUE BO3MOKHOCTH MPOQHIIaK-
TAUKH KOTHHTHUBHBIX HApYIICHUW IIyTEeM

Ha3HA4YeHHsI 3aMECTUTEILHON TOPMOHAJIBLHOM
TepanuH.

Mopaenb, NPOrHO3MpyOIIAs BO3HUK-
HOBEeHHe KOTHUTHUBHBIX HAPYLIEHHH y 10J1-
roKuTeJIei

Ha ocHoBaHMM INpeiCTaBICHHBIX BbIIIE
pe3yNbTaToB ObLIa MPeUI0KEeHa MOJEIb, ITPO-
THO3UPYIONIAasi BO3HUKHOBEHNE KOTHUTHUBHBIX
HapylIeHUW y JONroxuresed. B kadectse
IPEIUKTOPOB B HEe BOILILIIH T€ PaKTOphI 00pa3a
YKU3HU, KOTOPbIE paHee MT0Ka3aau CTaTUCTHYe-
cku 3HaYuMbIA 3¢ dekrt (Taoum. 2, 3, 4) u ObuH
BepU(UIIUPOBAHBI B KAYECTBE UMEIOIIUX KIIU-
HUYECKOE 3HaYCHHE.

Jlis mocTpoeHuss MOJENH HUCHOJIb30Ba-
JUCh 1aHHble 0 2134 yyacTHHMKaX, UX HUX CIIy-
yaifHo BblOpaHHble 427 uenoBek (20%) wuc-
MOJIb30BAJIUCH B KAYECTBE TECTOBON BHIOOPKH,
OCTaJIbHBIE - B KaueCTBE TpeHUHTroBoM. [Tomy-
yeHHast Mojiesb (Tabi. 6) mporHo3upyer pucK
pa3BUTHI KOTHUTHUBHBIX HAapyIIEHWH B BO3-
pacte 90 neT u crapie o JaHHBIM 00 o0pase
xu3Hu (ROC AUC=0,687).

Tabnuya 6

Mopenb, NPOrHo3upyonasi pa3BUTHE KOTHUTHBHBIX HAPYLICHUS
HA OCHOBeE CPeIHECPOYHBIX U MOTEHUHAJIbHO MoAuGuIIpYeMbIX (PAKTOPOB PUCKa

Table 6

A model predicting the development of cognitive impairment based on medium-term
and potentially modifiable risk factors

Koa¢pduuuent
daxkTop 0 6an10B 1 6anu JIOTMCTUYECKOM p-value
perpeccuu

X1 Hanuuue xo066u na HeT 0,613800 8,46*108
X2 Hannune moManiHero >kKUBOTHOTO na HET 0,193924 0,112

X3 Hannawe Beictiero obpazoBanus (B | aa HET 0,524920 2,02*10°

T.4. HEOKOHYEHHOTO)

Xa YmMmcTBeHHas paborta na HET 0,512858 3,25*%10*
Xs5 Hannuwne ¢pusznueckoit akTUBHOCTH | 1@ HET 0,101722 0,422

X6 Bricokuii 1oxox na HET 0,371639 0,021

X7 Penurus na HET 0,216354 0,123

Xs Tlon MY>KCKOH JKEHCKHI 0,153060 0,218
const | Koncranra - -1,013287 3,7*10°8
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[IpeumyiiecTBOM MPEAI0KEHHONH MO-
JIeJIY, TI03BOJISAIOLIEH paccunTaTh COXpaHEHUE
KOTHUTUBHON (DYHKIIMH IPU JOCTHKEHUU BO3-
pacta 90 net u crapiie, sBJISETCS BKIIOYCHUE
B HEE CPEJHECPOUYHBIX (PAKTOPOB, XapaKTepH-
3YIOIIMX KU3Hb YYACTHUKOB J0 HACTYTUICHUS
Bo3pacta 90 ner. OTHOCHUTEIBHO HEBBICOKHI
AUC maHHON MOIEIN MOXKET OBITh OOBSICHEH
TEM, UYTO Pa3BUTHUE KOTHUTHUBHBIX HAPYIICHUI
— KOMIUJICKCHBIH (peHOTHUI, 00YCIIOBICHHBIN HE
TOJILKO TIepedYrclIeHHbIMU (akTopamu. Of-
HaKoO pa3paboTaHHasi MOJENb IO3BOJHUT BbI-
SIBUTH PUCKH Oy TyIIeT0 KOTHUTUBHOTO CHIKE-
HUs Ha Ooyiee paHHEM dTale W JacT BO3MOXK-
HOCTh MpU HEOOXOAUMOCTU CKOPPEKTUPOBATH
HEKOTOpHBIE (DAKTOPHI PHUCKA.

OcCHOBHBIE OTpaHMYEHUS] JTAHHOTO WC-
CIIEIOBaHMSI - OJHOMOMEHTHBIA [W3aliH U
BKJIFOYEHUE B BBIOOPKY JTOJITOKHUTENICH U3 pe-
riuoHoB LlenTpanbHoro ¢genepanbHOTo OKpyra.
JlaHHBIE PETHOHBI XapaKTEPHU3YIOTCS Oolee
BBICOKHM YPOBHEM ypOaHU3aIlMH, COLUATBHO-
YKOHOMHYECKUM YpOBHEM, U OoJiee TOCTyI-
HOM MEIUIIMHCKON MOMOIIBIO, YTO JeJIaeT He-
BO3MOXKHOW  JKCTPANOJIALMIO  TOYYEHHBIX
JAHHBIX Ha BceX AoJroxureneil Poccuiickoit
denepanuu.

3akuouenue. lccinenoBanue noaTrsep-
JTUJI0 B3aUMOCBS3b MEXIY COIMATBHO-IKOHO-
MUYEeCKUMHU (pakTOpamu, CeMEeiHBIM CTaTy-
coM, 00pa3oM KU3HU U KOTHUTHBHBIMH Hapy-
WEHUsIMH  y  Aoaroxureneil. OCHOBHBIMU
CPEIHECPOUYHBIMU  (DaKTOpaMH, aCCOIUUPO-
BAHHBIMU C KOTHUTUBHBIM CTaTyCOM JIOJIT 0KH-
Tesel, OblTM MpHU3HAHBI HAIM4Yue Xo00u, (u-
3UYE€CKOM aKTHMBHOCTH, JOMAIIHEro >XUBOT-
HOTO, BBICIIErO0 OOpa3oBaHHs, PabOTHI Tpe-
HMMYIIECTBEHHOTO YMCTBEHHOI'O XapakTepa U
BBICOKOTO YPOBHSI JJOX0/1a Ha MHKE TTpodeccu-
OHAJIBHOW JEATENbHOCTH, a TaKKe IpHUBEP-
KEHHOCTh pelurHH. JloTOTHUTETPHBIM HEMO-
TUGUIUPYEMBIM (PaKTOPOM, KOTOPBIH MOKa3al
BBICOKYIO 3HAYMMOCTH aCCOITMAIlMUA C KOTHH-
TUBHBIM CTaTycoM, siBujcs noil. [Ipemnoxen-
Has MaTeMaThdeckasi MOJeINb MO3BOJIAET pac-
CUMTATh PUCK BO3HUKHOBEHMS] KOTHUTHBHBIX
HapyIIeHW HAa OCHOBAHWM HAIWYMS WU OT-
CyTCTBUS (PAaKTOPOB PHICKA, TEM CaMbIM, IMO3-
BOJISISI BOBpEMsI UX OOHAPYKUTh M CKOPPEKTH-
poBaTh. /laHHOE HccneqoBaHuE MPOBEACHO Ha

paHee He HCCIEIOBaHHON KpyNHOH BbIOOpKe
nosirokuresieid P@, 4ro nemaer ero yHUKasib-
HBIM U OTKPBIBAE€T BO3MOKHOCTh JJIs1 BbIsIBIIC-
HUS MOTEHIUAIBHBIX (PaKTOPOB PUCKA KOTHH-
TUBHBIX HapylICHUH B JaHHOM BO3pacTe M UX
BAJIUAALNMYA B JAJbHEHIINX NPOCIEKTUBHBIX
UCCIIEIOBaHMSIX.

HNudpopmanus o pUHAHCHPOBAHUU
Hccneoosanue evinonneno npu ¢uHaHcosom
obecneuenuu DedepanvbHozco 20Cy0apcmeeH-
HO20 0100d)CcemHno20 yupedxcoenus «lLlenmp
cmpamezuyecko20 NIaHUPOBAHUs U Ynpaeie-
HUSL MEOUKO-OUOSIOSUYECKUMU PUCKAMU 300DO-
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