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Abstract

Background: Glycogen synthase 2 (GYS2) catalyzes a key step in glycogenesis in the liver. Loss-
of-function mutations in the GYS2 gene are associated with type Oa glycogenosis with characteristic
fasting hypoglycemia and postprandial hyperglycemia. The association of the single nucleotide pol-
ymorphism rs10841855 (G>T) with the risk of type 2 diabetes mellitus (T2D) was first established
in the European population, but data on the effect of this variant on the predisposition to T2D in the
inhabitants of the Slavic ethnic group of Central Russia are not available in the literature. The aim of
the study: To investigate the association of polymorphism rs10841855 (G>T) GYS2 with the risk of
T2D in residents of Central Russia. Materials and methods: The study included 2668 unrelated
individuals of Slavic origin, including 1387 patients with T2D and 1281 healthy volunteers. Geno-
typing of the rs10841855 polymorphism of the GYS2 gene was performed by the MassArray Ana-
lyzer-4 genetic analyzer. SNPStats software was used for statistical analysis of the data. Results:
Linear regression established an association of the alternative rs10841855-T allele (OR 1.25; 95% CI
1.09-1.43; P=0.001) and the rs10841855-G/T genotype (OR 1.37; 95% CI 1, 13-1.66; P=0.0064) of
GYS2 with an increased risk of T2D. The sex- and BMI-stratified analysis showed that the association
of the rs10841855-G/T genotype (OR 1.71; 95% CI 1.32-2.22; P=0.0001) occurred only in females
with BMI>25 kg/m?. In addition, carriage of the rs10841855-T allele was associated with a higher
level of total cholesterol in the blood plasma of T2D patients (P=0.0068). According to the Roadmap
Epigenomic Consortium, the rs10841855-T allele is associated with H3K4 histone methylation in the
enhancer and promoter regions of the GYS2 gene in the liver. Conclusion: The association of
rs10841855 of the GYS2 gene with an increased risk of T2D in residents of Central Russia was vali-
dated for the first time. The association may be explained by the low transcriptional activity of the
glycogen synthase 2 gene in the carriers of the alternative allele of this polymorphism.

Keywords: type 2 diabetes mellitus; single nucleotide polymorphism; GYS2; glycogen synthase; ge-
netic predisposition
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Introduction. According to the Interna-
tional Diabetes Federation, there are more than
537 million diabetic patients worldwide aged
20 to 79 years, with 90 percent having type 2
diabetes mellitus (T2D) [1]. The pathogenetic
basis of the disease is dysfunction of pancreatic
beta cells that secrete insulin, as well as insulin
resistance of the liver, skeletal muscle, and ad-
ipose tissue, resulting in chronic hyperglyce-
mia and disruption of all types of metabolism
[2]. Type 2 diabetes complications include di-
abetic retinopathy, nephropathy, neuropathy,
and macrovascular complications, which
killed 6.7 million people in 2021 [1].

Type 2 diabetes mellitus is a classic mul-
tifactorial disease caused by genetic and envi-
ronmental risk factors such as an excessive fat
and refined carbohydrate diet [3, 4], sedentary
lifestyle [5, 6], overweight and obesity [7, 8],
chronic psycho-emotional stress [7, 8], and
others. The genetic basis of the disease is being
studied extensively: from 2007 to the present,
197 genome-wide association studies (GWAS)
for T2D have been conducted worldwide,
yielding a total of over four thousand single
nucleotide markers (SNPs) [GWAS Catalog
https://www.ebi.ac.uk/gwas/]. The majority of
the detected loci are in non-coding regions of
the genome, pseudogenes, and intergenic re-
gions, which significantly complicates biolog-
ical interpretation of the existing data layer and
impedes clinical application of the results ob-
tained. One of the polymorphic variants iden-
tified by R.A. Scott et al. in a genome-wide
study in a European population of 159,208
people [9] became the SNP rs10841855 in the
intron of the GYS2 gene, which encodes he-
patic glycogen synthase 2. The enzyme cata-
lyzes a critical step in hepatic glycogenesis,
and its functional deficiency caused by GYS2
gene loss-of-function mutations is known as
type Oa glycogenosis, which is characterized
by fasting ketotic hypoglycemia and postpran-
dial hyperglycemia due to the liver's inability
to store glycogen [10, 11]. It should be noted
that the liver plays a critical role in maintaining

normal glucose homeostasis by catalyzing the
conversion of glucose into glycogen under hy-
perglycemia, as well as the processes of glu-
cose regeneration from non-carbohydrate pre-
cursors (gluconeogenesis) and glycogenolysis
under glucose deficiency in the blood. Viola-
tions of the liver's glucostatic function can re-
sult in T2D: specifically, a decrease in the
function of pancreatic beta-cell glucokinase
leads to the development of maturity-onset di-
abetes of the young, MODY?2 [12]. There is no
data in the literature on the effect of the
rs10841855 variant in the glycogen synthase
2 gene on predisposition to T2D in residents of
the Slavic ethnic group of Central Russia, ne-
cessitating this validation study.

The aim of the study. To analyze the as-
sociation of the polymorphic variant
rs10841855 (G>T) of the GYS2 gene with the
risk of T2D in residents of Central Russia.

Materials and methods. The KSMU
Regional Ethics Committee approved the study
protocol. The study included 1387 T2D pa-
tients (527 males and 860 females) with a
mean age of 61,2+6,9 years who received treat-
ment at the Endocrinology Department of the
City Clinical Emergency Hospital, Kursk,
from November 2016 to October 2019. Endo-
crinologists confirmed the diagnosis of T2D
using World Health Organization criteria
[9, 10]. As previously described [13, 14, 15],
1281 healthy donors from the Regional Blood
Transfusion Station (492 males and 789 fe-
males) with an average age of 60.7+5.6 years
were invited to participate in the control group.
On an empty stomach, all study participants
completed a questionnaire to identify the main
risk factors and gave 10 ml of venous blood.
The phenol-chloroform method was used to
extract genomic DNA from whole blood. The
GYS2 gene was genotyped for rs10841855
(G>T) using iPLEX technology on a MassAr-
ray Analyzer 4 genomic mass spectrometer
(Agena Bioscience). The concentrations of
carbohydrate and lipid metabolism parameters
(glucose, glycated hemoglobin, triglycerides,
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total cholesterol, low- and high-density lipo-
proteins) were measured using a semi-auto-
matic biochemical analyzer Clima MC-15
(RAL). The bioinformatics analysis was car-
ried out using the online resources STRING
(https://string-db.org) for visual assessment of
the GYS2 interactome at the level of protein
gene products; GTEx Portal (https://gtexpor-
tal.org) to study tissue-specific expression of
the GYS2 gene in carriers of variant
rs10841855 alleles; and Haploreg v4.1 (https:
//pubs.broadinstitute.org/mammals/) to study
epigenetic regulation of the GYS2 gene. The
atSNP resource (http://atsnp.biostat.wisc.edu)
was used to investigate transcription factor af-
finity in the SNP region. The collected data
were statistically analyzed with the SNPStats
program (https://www.snpstats.net/start.htm).
Co-dominant, dominant, recessive, over-dom-
inant, and log-additive genetic models were all
tested. As the best model, the one with the low-
est numerical value of the Akaike criterion was

chosen. At P<0.05, the association was deemed
significant. The Kolmogorov-Smirnov test
was used to determine the normality of the dis-
tribution of biochemical parameters. Non-nor-
mally distributed indicators were labeled as
median (Median), first (Q1), and third (Q3)
quartiles: Median [Q1; Q3]. In such cases, the
Kruskal-Wallis test was used to determine sta-
tistical significance. The observed differences
between groups were considered statistically
significant at P<0,05.

Results and Discussion. The studied
SNP conformed to the Hardy-Weinberg equi-
librium (P>0.05). According to data from the
1000 Genomes project deposited with Ensembl
(https://www.ensembl.org), the frequency of
the minor allele T of the studied SNP of the
GYS2 gene in the Central Russian population
was significantly lower than in the European
population. Figure 1 shows a diagram of the
rs10841855 genotype frequencies.

GYS2rs10841855

H controls

70,20%

W T2D patients

G/G G/T

T/T

OR (95% CI) 1.00 1.37 (1.13-1.66) 1.14 (0.80-1.63)

P=0.0064

Fig. 1. Genotype and allele frequencies for rs10841855 in the GYS2 gene in T2D patients
and controls

The genotype rs10841855-G/T GYS2
was associated with an increased risk of devel-
oping T2D (OR 1.37; 95% CI 1.13-1.66;
P=0.0064). The minor allele rs10841855-T

(OR 1.25; 95 % CI 1.09-1.43; P=0.001) was
significantly more common in the DM2 group
(21.6%) than in the control group (18.1%).
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Associations of the GYS2 genotypes with the total cholesterol plasma level of T2D patients

GYS2 genotype | Total cholesterol concentration, Me (Q1; Q3), mmol/L | P |
Entire group of T2D patients

G/G 5.02 (4.26; 6.1)

G/T 5.36 (4.3;6.27) 0.0068
T/T 5.33 (4.3;6.05)

Males with T2D

G/G 4.84 (4.05; 5.73)

G/T 5.2 (4.19; 6.22) 0.16
T/T 5.1 (4.09; 5.56)

Females with T2D

G/G 5.10 (4.37; 6.29)

G/T 5.40 (4.33;6.29) 0.11
T/T 5.56 (4.36; 6.4)

Table 1
Analysis of frequencies of the GYS2 genotypes and alleles in T2D patients and controls stratified by gender and body mass index
GYS2 SNP Genotype | Controls | T2D patients | OR (95% CI)* | P* | Controls | T2D patients | OR (95% CI)" | P"
Males
BMI<25 kg/m? BMI>25 kg/m?
G/G 59 (62.8) 72 (69.2) 1.00 267 (67.1) 273 (64.5) 1.00
G/T 28 (29.8) 23 (22.1) 0.63 (0.33-1.22) 0.36 113 (28.4) 124 (29.3) 1.03 (0.76-1.41) 0.69
T/T 7(7.5) 9 (8.7) 1.08 (0.38-3.08) 18 (4.5) 26 (6.2) 1.31 (0.70-2.47)
rs10841855 T 22.3 19.7 0.85 (0.53-1.38) 0.60 18.7 20.8 1.14 (0.89-1.46) 0.29
G>T Females
BMI<25 kg/m? BMI> kg/m?
G/G 107 (72.3) 50 (62.5) 1.00 466 (72.7) 480 (61.5) 1.00
G/T 28 (18.9) 21 (26.2) 1.68 (0.83-3.39) 0.31 132 (20.6) 258 (33.1) 1.71 (1.32-2.22) 0.0001
T/T 13 (8.8) 9 (11.2) 1.12 (0.42-3.00) 43 (6.7) 42 (5.4) 0.86 (0.54-1.37)
T 18.2 24.4 1.44 (0.91-2.30) 0.12 17.0 21.9 1.37 (1.13-1.66) 0.001
Note:" calculations are performed with adjustments for age (codominant model)
Table 2
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Table 1 shows the results of the sex- and
BMlI-stratified analysis of the associations of
the studied GYS2 polymorphism with the risk
of T2D. The association of the genotype
rs10841855-G/T (OR 1.71; 95% CI 1.32-2.22;
P=0.0001) was found to be typical only for
overweight and obese females. The described
risk association was not observed in females
with normal body weight or in males, regard-
less of BMI (P>0.05). Furthermore, when the
relationship between GYS2 genotypes and bio-
chemical parameters of T2D patients' plasma
was examined, it was discovered that carrying
the rs10841855-T allele was associated with a
higher level of total cholesterol in the blood
plasma of T2D patients (P=0.0068, Table 2).

The enzyme glycogen synthase 2
(2.4.1.11) was identified on the metabolic map
of carbohydrate metabolism using the KEGG
Pathways resource (Fig. 2). The enzyme con-
trols the glycogenesis process, which begins in
the liver with the phosphorylation of glucose
by glucokinase (2.7.1.2). Phosphoglucomutase
converts the reaction product, glucose-6-phos-
phate, to glucose-1-phosphate (5.4.2.5). UDP-
glucosyl pyrophosphorylase (2.4.1.29) uses
the energy of one UTP molecule to convert
glucose-1-phosphate to UDP-glucose. The en-
zyme glycogen synthase 2 (2.4.1.11) was iden-
tified on the metabolic map of carbohydrate
metabolism using the KEGG Pathways re-
source (Fig. 2). The enzyme controls the gly-
cogenesis process, which begins in the liver
with the phosphorylation of glucose by gluco-
kinase (2.7.1.2). Phosphoglucomutase con-
verts the reaction product, glucose-6-phos-
phate, to glucose-1-phosphate (5.4.2.5). UDP-
glucosyl pyrophosphorylase (2.4.1.29) uses
the energy of one UTP molecule to convert
glucose-1-phosphate to UDP-glucose.

Glycogen synthase is involved in the
process at 10-20 glucose residues in the primer
chain, catalyzing chain elongation by forming
alphal—4-glycosidic bonds. A branching

enzyme (amylo-(1—4)-(1—6)-transglycosyl-
ase) that forms alphal—6 glycosidic bonds
creates branch points in glycogen. Glycogen
synthase activity is regulated both allosteri-
cally and covalently [17]. Simultaneously, in-
sulin is the primary activator of glycogenesis,
promoting the dissociation of hepatic glycogen
synthase from the intranuclear complex with
the regulatory protein and its release into the
cytosol for subsequent glucose phosphoryla-
tion [18]. Glucose-6-phosphate, a reaction
product, is an important allosteric activator of
GYS2 [19]. Protein kinase A (PKA), protein
kinase C (PKC), AMP kinase (AMPK), glyco-
gen synthase kinase 3 (GSK3), and other ki-
nases phosphorylate the GYS2 enzyme at
seven amino acid residues. Insulin inhibits
GSK3, which keeps glycogen synthase 2 active
(dephosphorylated) [20]. Furthermore, insulin
signaling activates PDE3B via PKB, prevent-
ing cAMP-mediated phosphorylation of GY'S2
[18].

Functional partners of GYS2 (STRING
data) form an interactome network of 10 pro-
teins (Fig. 3), including glycogenin 1 (GYG1),
glycogenin 2 (GYG2), glycogen-binding do-
main-containing protein 1 (STBDI), protein
phosphatase 1 regulatory subunit 3C
(PPP1R3C), regulatory subunit 3B protein
phosphatase 1 (PPP1R3B), serine/threonine
protein phosphatase 1 catalytic alpha subunit
(PPP1CA), serine/threonine protein phospha-
tase 1 catalytic beta subunit (PPP1CB), ser-
ine/threonine protein phosphatase 1 catalytic
gamma subunit (PPP1CC), and Ilaforine
(EPM2A). According to the Gene Ontology
analysis, all of the listed proteins are involved
in glycogen metabolism (FDR=3.55x102?).
GYS2, GYGI, GYG2, EPM2A, PPPIR3C,
and STBDI are six network enzymes involved
in glycogen biosynthesis (FDR=5.96x107),
PPP1CA, PPP1CB, and PPP1CC are three pro-
teins involved in the circadian regulation of
gene expression (FDR=1.70x107).
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Fig. 2. Glycogen metabolism (KEGG pathways data https://www.genome.jp/kegg/pathway.html)
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Fig. 3. GYS2 protein network

The current study successfully validated
the association between the polymorphic locus
rs10841855 in the regulatory region of the
GYS2 gene and an increased risk of T2D in res-
idents of Central Russia. The link between this
locus and the disease was discovered in a ge-
nome-wide study on a European sample of
159208 people [9], where the rs10841855-G
allele was linked to an increased risk of devel-
oping the disease. The alternative allele
rs10841855-T was found to be risky in our
study. The rs10841855-T allele has also been
linked to a predisposition to T2D in the Japa-
nese population [21]. The literature describes
associations of GYS2 gene loss-of-function
mutations with the development of glycoge-
nosis type 0 [10] and type Oa [11], in which
glycogen synthesis in the liver is disrupted, re-
sulting in ketosis, fasting hypoglycemia with a
decrease in lactate and alanine levels, and
long-term persistent postprandial hyperglyce-
mia. Increased glycogenesis in the liver of An-
kita mice with the T2D phenotype, on the other
hand, resulted in decreased hyperglycemia and
normalization of liver energy homeostasis
[22]. J. Chen et al. discovered a link between
GYS2 gene polymorphism and blood plasma

insulin levels [23], and a study in the Korean
population established an association between
GYS2 and obesity, polycystic ovary syndrome,
and gestational diabetes mellitus [24].

The current study demonstrated for the
first time a link between carrying the
rs10841855-T allele and a higher total choles-
terol content in the blood plasma of T2D pa-
tients, which is explained by the outflow of
glucose-6-phosphate accumulating in the liver
into lipogenesis, which includes the synthesis
of triacylglycerols and cholesterol synthesis.

The rs10841855-T allele is not associ-
ated with changes in gene expression in the
liver, according to GTEx Portal experimental
data. According to the Roadmap Epigenomic
Consortium, the rs10841855-T allele is associ-
ated with four epigenetic marks in the liver:
H3K4mel, H3K27ac in the enhancer region,
and H3K4me3, H3K9ac in the GYS2 gene pro-
moter, indicating that the studied variant has
significant epigenetic regulatory potential. In-
terestingly, A. Sharifi-Zarchi discovered that
weakly methylated DNA regions are high in
H3K4me3, whereas highly methylated ge-
nome regions correspond to the H3K4mel
mark [25].
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An analysis of transcription factor (TF)
binding ability using the bioinformatics tool
atSNP revealed that the minor allele
rs10841855-T significantly reduces the affin-
ity of three TFs: FOXO1 (P=3,76x107),
FOXJ1  (P=4,60x10%), and  SOXI10
(P=7,29x107) preventing them from binding
to DNA in the region of that variant allele. It
should be noted that FOXOL in the liver acts
as a gluconeogenesis activator [26] and is the
primary target of insulin signaling [27].

Conclusion. Thus, the study discovered
an association of the GYS2 gene rs10841855
with hypercholesterolemia and an increased
risk of T2D in overweight and obese females,
which may be due to epigenetic mechanisms of
regulation of glycogen synthase 2 gene activ-
ity, as well as changes in the network of tran-
scription factors that modulate glucose metab-
olism in carriers of the alternative allele
rs10841855-T. More research, including phar-
macogenetic approaches [28], will be needed
to determine whether this polymorphism af-
fects the efficacy of type 2 diabetes mellitus
treatment.

Financial support
The study was supported by the Russian Sci-
ence Foundation (N20-15-00227).

Conflict of interests
The authors have no conflict of interest to de-
clare.

References

1. Sun H, Saeedi P, Karuranga S, et al. IDF
Diabetes Atlas: Global, regional and country-level
diabetes prevalence estimates for 2021 and projec-
tions for 2045. Diabetes Research and Clinical
Practice. 2022;183:109119. DOI:
https://doi.org/10.1016/j.diabres.2021.109119

2. DeFronzo RA. Pathogenesis of Type 2
Diabetes Mellitus. In: Bonora E, DeFronzo R, edi-
tors. Diabetes. Epidemiology, Genetics, Pathogen-
esis, Diagnosis, Prevention, and Treatment. Endo-
crinology. Springer, Cham; 2018:1-74. DOI:
https://doi.org/10.1007/978-3-319-27317-4_8-1

3. Skovse S. Modeling type 2 diabetes in
rats using high fat diet and streptozotocin. Journal

of Diabetes Investigation. 2014;5(4):349-358.
DOI: https://doi.org/10.1111/jdi.12235

4. Malik VS, Hu FB. Sweeteners and risk of
obesity and type 2 diabetes: the role of sugar-
sweetened beverages. Current Diabetes Reports.
2012;12(2):195-203. DOI:
https://doi.org/10.1007/s11892-012-0259-6

5. LiDD, Yang Y, Gao ZY, et al. Sedentary
lifestyle and body composition in type 2 diabetes.
Diabetology and  Metabolic Syndrome.
2022;14(1):1-11. DOI:
https://doi.org/10.1186/s13098-021-00778-6

6. Bertoglia MP, Gormaz JG, Libuy M, et
al. The population impact of obesity, sedentary
lifestyle, and tobacco and alcohol consumption on
the prevalence of type 2 diabetes: Analysis of a
health population survey in Chile, 2010. PLoS
ONE. 2017;12(5):e0178092. DOI:
https://doi.org/10.1371/journal.pone.0178092

7. Hackett RA, Steptoe A. Type 2 diabetes
mellitus and psychological stress—a modifiable
risk factor. Nature Reviews Endocrinology.
2017;13(9):547-560. DOI:
https://doi.org/10.1038/nrendo.2017.64

8. World Health Organization. Global re-
port on diabetes: executive summary (No.
WHO/NMH/NVI/16.3). World Health Organiza-
tion; 2016.

9. Scott RA, Scott LJ, Méagi R, et al. An Ex-
panded Genome-Wide Association Study of Type
2 Diabetes in Europeans. Diabetes.
2017;66(11):2888-2902. DOI:
https://doi.org/10.2337/db16-1253

10.0rho M, Bosshard NU, Buist NRM, et al.
Mutations in the liver glycogen synthase gene in
children with hypoglycemia due to glycogen stor-
age disease type 0. Journal of Clinical Investiga-
tion. 1998;102:507-515. DOI:
https://doi.org/10.1172/JCI2890

11.Iijima H, Ago Y, Fujiki R, et al. Novel
GYS2 mutations in a Japanese patient with glyco-
gen storage disease type Oa. Molecular Genetics
and Metabolism Reports. 2021;26:100702. DOI:
https://doi.org/10.1016/j.ymgmr.2020.100702

12.Dedov 1I, Zubkova NA, Arbatskaya
NYu, et al. MODY?2: Clinical and molecular ge-
netic characteristics of 13 cases of the disease. The
first description of MODY in Russia. Problems of
Endocrinology. 2009;55(3):3-7. Russian. DOI:
https://doi.org/10.14341/probl20095533-7

13.Azarova I, Bushueva O, Konoplya A, et
al. Glutathione S-transferase genes and the risk of



Kpamkoe coobwenue
Short communication

Azarova IE. The association of polymorphism rs10841855... 146

type 2 diabetes mellitus: Role of sexual dimor-
phism, gene—gene and gene—smoking interactions
in disease susceptibility. Journal of Diabetes.
2018;10(5):398-407. DOL:
https://doi.org/10.1111/1753-0407.12623
14. Azarova IE, Klyosova EYu, Samgina TA,
et al. Role of cyba gene polymorphisms in pathogen-
esis of type 2 diabetes mellitus. Medical Genetics.
2019;18(8):37-48. Russian. DOI:
https://doi.org/10.25557/2073-7998.2019.08.37-48
15.Azarova IE, Klyosova EYu, Sakali SYu,
et al. Contribution of rs11927381 polymorphism of
the IGF2BP2 gene to the pathogenesis of type 2 di-
abetes. Research Results in Biomedicine.
2020;6(1):9-19. Russian. DOIL:
https://doi.org/10.18413/2658-6533-2020-6-1-0-2
16.Adeva-Andany MM, Gonzalez-Lucan
M, Donapetry-Garcia C, et al. Glycogen metabo-
lism in humans. BBA Clinical. 2016;5:85-100.
DOI: https://doi.org/10.1016/j.bbacli.2016.02.001
17.Zhang H, Ma J, Tang K, et al. Beyond en-
ergy storage: roles of glycogen metabolism in
health and disease. FEBS Journal.
2021;288(12):3772-3783. DOLI:
https://doi.org/10.1111/febs.15648
18.Petersen MC, Vatner DF, Shulman GI.
Regulation of hepatic glucose metabolism in health
and disease. Nature Reviews Endocrinology.
2017;13(10):572-587. DOLI:
https://doi.org/10.1038/nrendo.2017.80
19.Pederson BA. Mammalian Glycogen
Metabolism Enzymology, Regulation, and Animal
Models of Dysregulated Glycogen Metabo-
lism. Enzymology of Complex Alpha-Glu-
cans. CRC Press; 2021:84-137.
20.Lewis GF, Carpentier AC, Pereira S, et
al. Direct and indirect control of hepatic glucose
production by insulin. Cell Metabolism.
2021;33(4):709-720. DOLI:
https://doi.org/10.1016/j.cmet.2021.03.007
21.Kanai M, Akiyama M, Takahashi A, et al.
Genetic analysis of quantitative traits in the Japa-
nese population links cell types to complex human
diseases. Nature Genetics. 2018;50(3):390-400.
DOIL: https://doi.org/10.1038/s41588-018-0047-6
22.Lopez-Soldado I, Guinovart JJ, Duran J.
Increasing hepatic glycogen moderates the diabetic
phenotype in insulin-deficient Akita mice. Journal
of Biological Chemistry. 2021;296:100498. DOI:
https://doi.org/10.1016/j.jbc.2021.100498
23.Chen J, Spracklen CN, Marenne G, et al.
The trans-ancestral genomic architecture of glyce-
mic traits. Nature Genetics. 2021;53(6):840-860.
DOI: https://doi.org/10.1038/s41588-021-00852-9

24 Hwang JY, Lee EJ, Jin Go M, et al. Ge-
nome-wide association study identifies GYS2 as a
novel genetic factor for polycystic ovary syndrome
through obesity-related condition. Journal of Hu-
man  Genetics. 2012;57(10):660-664. DOI:
https://doi.org/10.1038/jhg.2012.92

25.Sharifi-Zarchi A, Gerovska D, Adachi K,
et al. DNA methylation regulates discrimination of
enhancers from promoters through a H3K4mel-
H3K4me3 seesaw mechanism. BMC Genomics.
2017;18(1):1-21. DOI:
https://doi.org/10.1186/s12864-017-4353-7

26.0h KJ, Han HS, Kim MJ, et al. CREB
and FoxOl: two transcription factors for the regu-
lation of hepatic gluconeogenesis. BMB Reports.
2013;46(12):567. DOLI:
https://doi.org/10.5483/BMBRep.2013.46.12.248

27.Puigserver P, Rhee J, Donovan J, et al.
Insulin-regulated hepatic gluconeogenesis through
FOXO1-PGC-1a interaction. Nature.
2003;423(6939):550-555. DOLI:
https://doi.org/10.1038/nature01667

28.Chernikova NA, Kamynina LL, Ametov
AS, et al. The pharmacogenetics of hypoglycemia
and the glycemic variability at the patients ith type 2
diabetes mellitus. Therapeutic archive.
2020;24;92(10):54-62. Russian. DOI:
https://doi.org/10.26442/00403660.2020.10.000530

Received 20 January 2022
Revised 12 March 2022
Accepted 16 March 2022

Information about the authors

Iuliia E. Azarova, Cand. Sci. (Medicine), Head of
the Laboratory of Biochemical Genetics and
Metabolomics, Research Institute for Genetic and
Molecular Epidemiology, Associate Professor at
the Department of Biological Chemistry, Kursk
State Medical University, Kursk, Russia, E-mail:
azzzzar@yandex.ru, ORCID: https://or-
cid.org/0000-0001-8098-8052.

Yaroslava E. Korvyakova, Student, Kursk State
Medical University, Kursk, Russia, E-mail:
yasya_ kursk@mail.ru, ORCID: https://or-
cid.org/0000-0003-4756-9707.

Alexander O. Glotov, Student, Kursk State Medi-
cal  University, Kursk, Russia, E-mail:
aoglotoff@yandex.ru, ORCID: https://or-
cid.org/0000-0002-4661-752X.

Vladimir E. Ivakin, Cand. Sci. (Medicine), Asso-
ciate Professor at the Department of Internal Dis-
eases N1, Kursk State Medical University, Kursk,


mailto:azzzzar@yandex.ru

Kpamxoe coobwenue
Short communication

HayuHvble pesysbmambl 6uomeduyuHckux uccaedoganutl. 2022;8(2):138-147

Research Results in Biomedicine. 2022:8(2):138-147 147

Russia, E-mail: ivakinve@kursksmu.net, ORCID:
https://orcid.org/0000-0003-1057-6292.

Alexey V. Polonikov, Doct. Sci. (Medicine), Pro-
fessor, Director of the Research Institute for Ge-
netic and Molecular Epidemiology, Head of the La-
boratory of Statistical Genetics and Bioinformatics,
Research Institute for Genetic and

Molecular Epidemiology, Professor at the Depart-
ment of Biology, Medical Genetics and Ecology,
Kursk State Medical University, Kursk, Russia, E-
mail: polonikov@rambler.ru, ORCID:
https://orcid.org/0000-0001-6280-247X.


mailto:azzzzar@yandex.ru

gIZiL;ZZ?’Z;;’i’;:mambﬂ Malashenkova IK, et al. The association of inflammatory status and ... 148
()
DOI: 10.18413/2658-6533-2022-8-2-0-2 YK 616.895.87:575.224.22

The association of inflammatory status
and immunological parameters with
single-nucleotide polymorphisms of cytokine
and Toll-like receptor genes in patients with
schizophrenia

Irina K. Malashenkova'? @, Vadim L. Ushakov**3©, Sergey A. Krynskiy! ©,
Daniil P. Ogurtsov' ©, Nikita A. Khailov! ©, Svetlana N. Moskvina! ©,
Natalia V. Zakharova* ©, Ekaterina I. Chekulaeva'! ©, Nikolay A. Didkovsky? ©,

Georgiy P. Kostyuk*

I'Kurchatov Institute,
1 Akademik Kurchatov Sq., Moscow, 123182, Russia
2 Federal Research and Clinical Center of Physical-Chemical Medicine,
Federal Medical Biological Agency,
la Malaya Pirogovskaya St., Moscow, 119435, Russia
3 Moscow Engineering Physics Institute,
31 Kashirskoye Highway, Moscow, 115409, Russia
* Alekseev Psychiatric Clinical Hospital No. 1,
2 Zagorodnoye Highway, Moscow, 117152, Russia
> Lomonosov Moscow State University,
1 Leninskie Gory, Moscow, 119991, Russia
Corresponding author: Irina K. Malashenkova (malashenkova.irina@bk.ru)

Abstract

Background: Schizophrenia is a multifactorial and clinically polymorphic disease with a significant
hereditary component. The study of the influence of functionally significant polymorphisms of the
genes regulating immune response and inflammation on the immune parameters in patients with
schizophrenia is relevant for the development of new methods for predicting the course of the disease
and finding new therapy targets. The aim of the study: To study the association of polymorphisms
in cytokine and Toll-like receptor genes with the serum levels of immune mediators in patients with
schizophrenia. Materials and methods: 95 patients diagnosed with schizophrenia and 99 healthy
volunteers were recruited into the study. Polymorphisms of genes regulating the immune response
(ILIB rs1143627, IL4 152243250, IL2 rs2069762, IL10 (rs1800896, rs1800872, rs1800871), IFNL
1s8099917, IFNL rs12979860, TLR9 rs5743836, TLR9 rs352140, TLR3 rs3775291), the serum level
of major cytokines and markers of systemic inflammation were determined. Results: The patients
were found to have elevated levels of key pro-inflammatory cytokines IL-8 and IL-17A and other
markers of systemic inflammation, as well as an increase in the content of antigen-antibody com-
plexes in the bloodstream. Increased frequency of /L 70 gene polymorphisms (rs1800896, rs1800872,
rs1800871) was revealed in the patients with schizophrenia. A relationship between IL-6 and IL-8
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levels and the carriage of ILIB T-511C (rs16944), IL10 1082A (rs1800896), IL10 592 C>A
(rs1800872) and TLR3 Leu412Phe (G/A) (rs3775291) single nucleotide polymorphisms was found.
Conclusion: The revealed associations may indicate a role of SNPs in cytokine and Toll-like receptor
genes in modulating the network genetic interactions underlying certain immunological endopheno-
types in the patients. Based on the results of this work and literature data, it is important to further
study the relationship of immunogenetic markers in schizophrenia with the immune profiles of the
disease and its clinical manifestations, including in larger samples of patients.
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Introduction. Neuroimmune interac-
tions mediate homeostasis and normal func-
tioning of both the central nervous system
(CNS) and the immune system with the partic-
ipation of neurotransmitters, hormones and cy-
tokines produced in the cells of these systems.
Changes in the signal pathways that provide
cooperation between the immune system and
the nervous system are involved in the patho-
genesis of a number of non-infectious diseases,
including mental disorders [1].

Schizophrenia is a multifactorial disease
with a significant hereditary component (more
than 60% of the disease risk according to twin
studies). There is evidence showing the critical
role of immune disorders and neuroinflamma-
tion in the pathogenesis of various forms of
schizophrenia [2]. In recent years, a number of
works confirm the role of systemic inflamma-
tion in the development of this disease [3]. Nu-
merous clinical, postmortem, biomedical, ge-
netic and experimental studies, including cell
and animal models, have shown that schizo-
phrenia is accompanied by neuroinflammation
and systemic immune disorders [4, 5, 6]. Ac-
cording to the results of large genome-wide as-
sociation studies (GWAS), single-nucleotide
polymorphisms in genes regulating the func-
tions of the immune system have significant
associations with schizophrenia risk [7, 8]. Pa-
tients with psychotic episode have increased
levels of inflammation markers in the cerebro-
spinal fluid and systemic circulation, and an in-
creased expression of proteins involved in the

immune response and inflammation in the pre-
frontal cortex [4-7]. According to indirect evi-
dence, schizophrenia associated with neuroin-
flammation can account for up to 40% of cases,
but more convincing studies are needed [2].
Maes et al., who studied the protein-pro-
tein interaction network in patients with first-
episode schizophrenia, have shown that schiz-
ophrenia 1is characterized by prominent
changes in the nuclear factor-xB signaling re-
lated to inflammation, in Toll-like receptor 4
(TLR4) signaling mediating the immune re-
sponse to Dbacterial infections and in
JAK/STAT (Janus kinases/signal transducer
and activator of transcription) pathways medi-
ating the effects of cytokines [8]. According to
the authors, these data suggest that schizophre-
nia is a systemic neuro-immune disorder that is
triggered by infectious stimuli and induces
neuro-immune toxicity cascades overex-
pressed in people that have hereditary predis-
position such as reduced anti-inflammatory
protection and altered Toll-like receptor sig-
naling. It is now generally accepted that the ge-
netic component of the risk of schizophrenia is
determined by the contribution of polymor-
phisms of many genes, with each polymor-
phism having only a small effect on hereditary
predisposition. Moreover, all known genetic
markers of schizophrenia in total provide only
less than 50% of the family predisposition
which is actually observed in the population
according to the data of twin and genealogical
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studies, indicating the important role of the en-
vironment in the realization of hereditary risk
[9].

Polymorphisms of the genes regulating
the immune response are among the most im-
portant genetic risk factors of schizophrenia
[10-17]. Some of the strongest associations
with the risk of the disease are observed for the
major histocompatibility complex (MHC) lo-
cus, and, in particular, for the complement
component C4 gene located within this locus
[11]. In addition, results of GWAS studies in-
dicate a significant relationship with the risk of
schizophrenia for at least 39 genes that regulate
the immune response and are located outside
the MHC locus. More than 30 of these genes
are expressed in both the brain and immune
cells [18]. It was revealed that a number of im-
munogenetic markers (at least 12 out of 39
markers outside the MHC locus) are common
for schizophrenia and other mental and neuro-
logical diseases, including bipolar disorder,
anxiety disorder and amyotrophic lateral scle-
rosis [19]. Common genetic markers in schiz-
ophrenia and immune-mediated diseases in-
cluding Crohn's disease, multiple sclerosis,
rheumatoid arthritis, systemic lupus erythema-
tosus, type 1 diabetes mellitus, and ulcerative
colitis have also been found [20]. Interestingly,
according to a GWAS study, most of the poly-
morphisms that occur with the highest fre-
quency in schizophrenia affect the signal path-
ways specific to the functioning of B cells [21].

Schizophrenia is characterized by heter-
ogeneity of symptoms, responses to treatment
and outcomes, reflecting the existence of dif-
ferent subtypes of the disease, but clinical ob-
servations alone generally do not allow the
identification of etiological and pathogenetic
differences between these subtypes [22]. It has
been demonstrated in a number of studies that
immune disturbances are associated with se-
verity and type of symptoms in the patients
with schizophrenia. For example, the serum
level of an important marker of systemic in-
flammation, IL-6, has been shown to correlate

with the severity of cognitive symptoms in out-
patients with schizophrenia (r = -0.395) [23].
According to another study, the level of IL-6
decreased to normal values in hospitalized pa-
tients with schizophrenia after a course of an-
tipsychotic therapy, and the decrease in IL-6
level correlated with a decrease in the positive
and negative symptoms according to the
PANSS scale [24]. In addition, there is evi-
dence that an increase in the serum concentra-
tion of this cytokine is associated with morpho-
metric changes in left lingual and left fusiform
gyrus in patients with schizophrenia [25].

To search for new prognostic markers
and targets for therapy, it is necessary to iden-
tify the causes of the development of immuno-
logical changes in schizophrenia, and the re-
search should include investigation of the ge-
netic basis of various types of immune disor-
ders in the patients. However, the associations
of genetic factors with immune parameters in
the patients with schizophrenia have not been
studied sufficiently [26, 27].

The aim of the study was to study the
possible associations of cytokine and Toll-like
receptor gene polymorphisms with the immune
parameters in patients with schizophrenia for
the subsequent development of new prognostic
methods and identification of new therapy tar-
gets.

Materials and Methods. 95 patients
with paranoid schizophrenia were enrolled into
the study. 56 of the patients were men and 29
of the patients were women, the average age of
the patients was 26.77 + 1.26 years. At the time
of hospitalization, the patients had signs of
Kandinsky-Clerambo syndrome: delusions of
influence, pseudohallucinations and mental
automatism. The diagnosis was confirmed by
the compliance with the diagnostic criteria of
schizophrenia (F20) of the International Clas-
sification of Diseases of the tenth revision
(ICD-10). The demographic and clinical char-
acteristics of the patients and of the volunteers
of the control group are presented in Table 1.
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Table 1

The social-demographic and clinical characteristics of the patients enrolled into the study
(n=95) and of the volunteers of the control group (n=99)

Schizophrenia _

Value/Groups (n=95) Control (n=99) P
Age on the date of the as- 268+ 13 283426 p>0.05
sessment

Gender distribution
Male 56 (58.95%) 46 (46.46%) p >0.05
Female 39 (41.05%) 53 (53.54%)
Clinical characteristics
Mean duration of the disease 48+1.1 - -
Mean age of onset of pro- 180412 ) i
dromal symptoms
Mean age of manifestation 23.1+1.3 - -
PANSS (Positive and Nega- p=1x10"1°
tive Syndrome Scale) 93.244.5 36.01.9 /p=7.0%10"1°
NSA-4 (4-Item Negative p=23x10%
+ +

Symptom Assessment) 19.3%1.3 3.0+00 /p=1*10"7
BFCRS (Bush-Francis Cata- p=0.01
tonia Rating Scale) 6.61.5 0.0+0.0 /pa=0.023

Blood sampling was done in the first
days of hospitalization, after achieving reduc-
tion of the positive symptoms by antipsychotic
therapy. The control group for the genetic
study included 99 healthy volunteers, compa-
rable to patients with schizophrenia in terms of
gender and age, mean age 28.34 + 2.56 years
(53 women and 46 men). Exclusion criteria in-
cluded somatic diseases in the phase of decom-
pensation, signs of alcohol abuse and/or other
substance use disorders, mental diseases other
than schizophrenia, exacerbation of infectious,
inflammatory and autoimmune diseases in the
2 months preceding the examination, preg-
nancy.

The study was approved by the local eth-
ics committee of the National Research Center
"Kurchatov Institute" (No. 5, 04/05/2017). All
participants were familiarized with the details
of the study and signed a voluntary informed
consent sheet.

DNA extraction was performed using a
set of reagents for RNA / DNA extraction from
clinical material “AmpliPrime RIBO-prep”
(AmpliSens, Moscow) according to the manu-
facturer's recommendations. This method is

based on lysis of cells and denaturation of cel-
lular proteins using a lysis solution containing
a chaotropic agent (guanidine thiocyanate),
followed by precipitation of nucleic acids with
isopropanol and their further extraction into
the solution.

Determination of single nucleotide poly-
morphisms in IFNL, ILIB, IL2, IL4, TLR3, and
TLR9 genes was carried out using reagent kits
for polymerase chain reaction (PCR) analysis
produced by “DNA-technology” and “Litekh”
according to the manufacturer's recommenda-
tions.

To identify polymorphisms of ILIB
(rs1143627 T-31C) and [L4 (rs2243250
C589T) genes, we used the method of poly-
merase chain reaction with a fluorescent detec-
tion scheme in “real time”. With a sample of
isolated DNA, two amplification reactions
were carried out in parallel with two pairs of
allele-specific primers. The mixture contained
an intercalating dye SYBR Green, the fluores-
cence intensity of which multiplies upon incor-
poration into the resulting double-stranded
product.

To identify polymorphisms of the inter-
feron A (IFNL) gene (1rs8099917 T> G,
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rs12979860 C> T), the polymerase chain reac-
tion method with a fluorescent detection
scheme in “real time” was used. Signaling
probes containing fluorescent labels Fam and
Hex were introduced into the mixture for am-
plification for each variant of the genetic poly-
morphisms to be detected. After the PCR, ther-
mal melting of the duplexes was carried out,
the change of fluorescence level was recorded
and presented in the form of a graph. If the sig-
naling probe was partially complementary to
the target DNA, the melting temperature of
such a duplex was lower than in the case of
complete complementarity of the probe. The
analysis of the results was carried out on the
basis of the melting temperature of the signal
probes.

IL2 152069762 T-330G, IL10 rs1800896
G-1082A, IL10 1s1800872 C-592A, ILI0
rs1800871 C-819T, TLR9 rs5743836 T-1237C,
TLR9 rs352140 G2848A, and TLR3 1s3775291
Leu412Phe single nucleotide polymorphisms
were determined by PCR with electrophoretic
detection of amplification products. Two ampli-
fication reactions were carried out in parallel
with two pairs of allele-specific primers. Sepa-
ration of PCR amplification products was car-
ried out in 3% agarose gel. To visualize the PCR
products in the gel, ethidium bromide solution
was used as a dye.

Immunological studies were carried out
in all patients of the main group and in 35 vol-
unteers in the control group (mean age 27.1 +
1.6 years; 13 men; 17 women). The systemic
level of inflammation markers and the content
of the main cytokines were determined by en-
zyme-linked immunosorbent assay (ELISA)
using sets of reagents to detect human inter-
feron-y (IFNy), human interleukin-1 (IL-1p),
human interleukin-6, human interleukin-8, hu-
man interleukin-10, human interleukin-17, hu-
man tumor necrosis factor-a (TNFa) ( “Cy-
tokin”, Russia, St. Petersburg), a set of rea-
gents for detection of cortisol in blood serum
(“HEMA”, Russia), a set of reagents for the de-
tection of C-reactive protein (CRP) in blood
serum (“HEMA?”, Russia), a set of reagents for
the detection of circulating immune complexes
(CIC) in blood serum ("CHEMA*, Russia).

The software Excel (Microsoft, 2010)
and STATISTICA 10 (Stat Soft, 2010) were
used for statistical processing. The Shapiro-
Wilk test was used to assess the normality of
distribution. The results of immunological
tests (continuous variables) were presented as
medians with an interquartile range; when 2
groups were compared, the significance of dif-
ferences was assessed using the Mann-Whit-
ney test; when multiple groups were compared,
the Kruskell-Wallis test was used with post-
hoc pair-wise comparisons conducted using
the Mann-Whitney test. The results of the clin-
ical assessment (continuous variables) were
presented as means + 95% confidence interval
and the Student’s t-test was used to assess the
significance of differences. For discrete varia-
bles, Fisher’s exact test was used to assess the
significance of differences if one of the ex-
pected values in contingency table was below
10, otherwise chi-squared test was used. The
differences between the indicators were con-
sidered to be statistically significant at p <0.05.
Benjamini-Hochberg procedure was used to
correct for false discovery rate (FDR = 0.05).
To assess the correlations, the Pearson correla-
tion coefficient was used.

Results and Discussion

The levels of cytokines of innate and
adaptive immunity and of systemic inflamma-
tion markers in patients with schizophrenia
and in the control group.

The serum levels of inflammation mark-
ers, including C-reactive protein and circulating
immune complexes, and of cortisol was signifi-
cantly higher in the patients with schizophrenia
than in healthy volunteers (Table 2). The level of
the proinflammatory  cytokine/chemokine
IL-8/CCLS8 was significantly higher in the pa-
tients than in the control group (p <0,05). The
assessment of the level of the pro-inflammatory
cytokines IL-1B and TNFa has shown there
were no significant differences between patients
with schizophrenia and healthy volunteers
(Table 3). Although the difference in the levels
of IL-6, an important inflammatory cytokine,
between the patients and the control group was
statistically significant, showing an increase in
the content of IL-6 in the patients, the statisti-
cal power did not reach 0.8, so larger samples
are needed to confirm this finding.
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Table 2

The levels of systemic inflammation markers in the patients with schizophrenia
and in the control group

Indicator Schizophrenia Control Sl(gl;}lfg:::cczs()f

*p=1.4*10"*

C-reactive protein [mg/1] 3.3[1.2;17.3] 0.6 [0.4; 1.8] /pa=4.2%104,
power 0.97

) *p=8.9x10"*

Cortisol [nmol/I] 532.6 [449.7; 591.2] 449'7;?; 504‘6’ /p=8.9x10,
) power 0.99

Circulating immune complexes [con- *p=2.3x10%
. . 103.0 [73.0; 160.0] 75.0 [52.0; 93.0] /pa=3.4x104,

ventional units]

power 0.95

Note: * statistically significant differences between the groups according to Mann-Whitney U-test (p <0.05); pa— p value
adjusted for multiple comparisons by Benjamini-Hochberg procedure

Table 3

The levels of cytokines of innate and adaptive immunity in the patients with schizophrenia
and in the control group

. . . Significance
Indicator Schizophrenia Control of differences
IL-1B [pg/ml] 1.45[0.55;2.91] 1.23[0.76; 1.70] p>0.05
TNFa [pg/ml] 1.79 [1.30; 3.08] 1.57[1.34; 2.75] p>0.05
p=5.8%1073
IL-6 [pg/ml] 8.77 [3.61; 15.53] 3.73 [1.96; 8.20] /pa=0.023, power
0.76
*p=0.01
IL-8 [pg/ml] 37.54 [13.83; 94.15] 13.16 [8.33; 32.11] /pa=0.026, power
0.93
IL-10 [pg/ml] 5.91[2.96; 7.52] 3.93[1.79; 6.97] p>0.05
*p=0.015
IFNy [pg/ml] 49.73 [34.27; 129.66] 33.44[19.38; 70.62] /p=0.03,
power 0.64
IL-4 [pg/ml] 2.7511.39; 5.12] 3.89[1.33; 7.19] p>0.05
>1 pg/ml in 35 patients; <1 | >1 pg/mlin 1 volun- **p=0.002
IL-17A [pg/ml] pg/ml in 38 patients teer; <1 pg/ml in 15 /p=0.016,
volunteers ** power 1.00

Note: * statistically significant differences between the groups according to Mann-Whitney U-test (p <0.05); ** signifi-
cantly significant differences between the groups according to Fisher’s exact test (p <0,05); p. — p value adjusted for

multiple comparisons by Benjamini-Hochberg procedure.

These findings indicate that in schizo-
phrenia there was an activation of the systemic
inflammatory response and of the pituitary-hy-
pothalamus-adrenal axis. An increase in the
CIC content may indicate the activation of the
formation of antigen-antibody complexes in
the bloodstream, as well as disruption of their
clearance.

Given the presence of systemic inflam-
mation, including increased levels of IL-8, we
also assessed the level of a key immunoregula-

tory cytokine, IL-10, in patients with schizo-
phrenia. Its central function is to suppress in-
flammation and excessive immune activation.
In the patient group, the content of this cyto-
kine was increased (more than
5 pg/ml) in 20 out of 30 patients, and in the
control group it increased only in three people;
however, the differences turned out to be insig-
nificant, which could be associated with the
high variability of the IL-10 level in schizo-
phrenic patients. In one third of the patients
with normal IL-10 concentration, the content
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of IL-6 or IL-8 or IL-1p was increased, which
indicates suppression of immunoregulatory
mechanisms in these patients.

The serum levels of a key Th2 cytokine,
IL-4, did not differ significantly between the
groups (Table 3). The level of IFNy, an im-
portant Thl cytokine, was increased (more
than 45 pg/ml) in 53 of 87 patients with schiz-
ophrenia and only in 6 of 19 healthy volun-
teers, and its level was significantly higher in
schizophrenia (p <0.05), but the statistical
power of the comparison did not reach 0.8, so
larger samples are needed to confirm this find-
ing. An increase in the level of IL-17A above
1 pg/ml was observed significantly more often
in schizophrenia: in 35 out of 73 patients with
schizophrenia and only in 1 out of 16 people of
the control group (p <0.05 according to Fish-
er's exact test). IL-17A is the most important
cytokine of the Th17 response, involved in the
stimulation and maintenance of inflammation
and autoimmune responses. It is implicated in

the pathogenesis of neurodegenerative dis-
eases including Alzheimer's disease, Parkin-
son's disease, multiple sclerosis, amyotrophic
lateral sclerosis, and glaucoma [28]. Of 35 pa-
tients with an increase in IL-17 levels (more
than 1 pg/ml), only 7 had normal IFNy level
(below 45 pg/ml). Thus, a significant propor-
tion of schizophrenic patients had signs of ex-
cessive activation of the Th17 and Thl re-
sponses.

Polymorphisms of cytokine and Toll-like
receptor genes in patients with schizophrenia
and in the control group.

The frequency of the studied polymor-
phisms was checked for compliance with the
Hardy-Weinberg equilibrium. It was found
that the Hardy-Weinberg law is fulfilled for all
the studied polymorphisms.

Statistically significant differences in the
frequency of SNPs of the /L/0 gene between
the patients and the control group were found
(Table 4).

Table 4

The frequency of SNPs of cytokine and Toll-like receptor genes in patients with schizophrenia
depending on the age of manifestation and in the control group

Homozygous for Heterozygous Homozygous for
SNP Group N the first allele the second allele
N % N % N %
Manifestation of
schizophrenia at the 31 23 74,2 8 25,8 0 0,0
age of 26 or older
IL4 C-589T Manifestation of
152243250 schizophrenia at the 56 31 55.4 16 28.6 g% 16,0
age of 25 or
younger
Control 89 61 68,5 25 28,1 3 3.4
Manifestation of
schizophrenia at the 29 17 58,6 10 34,5 2 6,9
age of 26 or older
IL2 T-330G Manifestation of
rs2069762 schizophrenia at the 48 1 438 1 438 6 12,4
age of 25 or
younger
Control 91 38 41,8 46 50,5 7 7,7
Manifestation of
schizophrenia at the 29 18 62,1 10 34,5 1 3,4
age of 26 or older
TLR3 Leu412Phe | Manifestation of
rs3775291 schizophrenia at the 50 29 44,0 3 46 5 10
age of 25 or
younger
Control 85 50 58,8 33 38,8 2 2,4

Note: * p=0.011 (p >0.05 after adjusting for multiple comparisons by Benjamini-Hochberg procedure)
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Table 5

The frequency of SNPs of cytokine and Toll-like receptor genes in patients with schizophrenia
and in the control group

Homozygous for Heterozveous Homozygous for
SNP Group N the first allele Y8 the second allele
N % N % N %
JFNL: 1s8099917 Schizophrenia 89 60 67.4 25 28.1 4 4.5
T>G Control 93 65 69.9 27 29.0 | 1.1
IFNL: 1512979860 Schizophrenia 89 47 52.8 33 37.1 9 10.1
CT Control 92 48 522 | 38 413 6 6.5
ILIB T-31C Schizophrenia 89 39 43.8 38 42.7 12 13.5
rs1143627 Control 89 47 528 36 40.4 6 6.7
L4 C-589T Schizophrenia 89 55 61.8 24 27.0 10 11.2
152243250 Control 89 61 685 | 25 28.1 3 34
IL2 T-330G Schizophrenia 79 39 49.4 32 40.5 8 10.1
152069762 Control 91 38 418 | 46 505 7 77
. . % % %
1010 G-1082A Schizophrenia 89 29 33 46 52 14 16
rs1800896 Control 99 74 74 26 26 0 0
IL10 C-592A Schizophrenia 89 50 56* 38 43%* 1 1
rs1800872 Control 99 81 81 18 18 1 1
L10 C-819T Schizophrenia 89 48 54%* 34 38 7 8
rs1800871 Control 99 76 76 24 24 0 0
TLR3 Leu412Phe Schizophrenia 81 41 50.6 34 42.0 6 7.4
183775291 Control 85 50 588 33 388 2 24
TLR9 G2848A Schizophrenia 84 16 19.0 44 52.4 24 28.6
1s352140 Control 81 22 272 | 45 55.6 14 17.3
TLR9 T1237C Schizophrenia 85 68 80.0 16 18.8 1 1.2
185743836 Control 83 71 85.5 10 12.0 2 24
Schizophrenia 73 9 12.3 31 425 33 45.2
ILIB T-511C rs16944
Control 83 6 72 38 45.8 39 47.0

Note: * statistically significant differences with the control group; * p <0.001 (p <0.05 after adjusting for multiple com-

parisons by Benjamini-Hochberg procedure)

The frequency of homozygous state for
the first allele of all studied polymorphisms of
the IL10 gene was significantly (p <0.001)
lower in the patients than in the control group

(OR = 0.16, 95% CI [0.09; 0.31], power 0.99
for IL10 G-1082A rs1800896; OR =0.28, 95%
CI [0.15; 0.55], power 0.95 for IL10 C-592A
rs1800872; OR = 0.35, 95% CI [0.19; 0.66],
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power 0.85 for ILI0 C-819T rs1800871).
Moreover, the frequency of heterozygous state
for the G-1082A (rs1800896) and C-592A
(rs1800872) polymorphisms was significantly
(p <0.001) higher in the patients: OR = 3.95,
95% CI [2.13; 7.30], power 0.94 for IL10 G-
1082A rs1800896; OR = 3.69, 95% CI [1.90;
7.16], power 0.95 for IL10 C-592A rs1800872.
The frequency of homozygous state for the
second allele for /L10 G-1082A rs1800896
was also significantly (p <0.001) higher in the
patient group: OR = 38.22, 95% CI [2.24;
650.92], power 0.99. No significant differ-
ences between the patients with schizophrenia
and the control group were found in the fre-
quency of the other studied SNPs of cytokine
and Toll-like receptor genes (Table 5). How-
ever, there was a tendency for higher fre-
quency of the homozygous state for the minor
allele of most of the studied SNPs in the pa-
tients with schizophrenia.

The analysis of associations between the
frequency of SNPs, socio-demographic data
and clinical characteristics of the patients has
revealed that homozygous state for the T allele
of C-589T (rs2243250) SNP of the /L4 gene
was more common in the patients in whom the
disease manifested at the age of 25 years or less
(on average, 19.02 + 1.02 years) compared
with the control group: OR = 5.49, 95% CI
[1.42; 21.36]; p=0.011. However, the statisti-
cal power (0.67) did not reach 0.8, so larger
samples are needed to confirm this finding. In
the patients in whom schizophrenia manifested
at the age of more than 25 years (on average,
30.38 + 1.24 years), there were no differences
in the frequency of the studied SNPs with the
control group (Table 4).

Associations of single-nucleotide poly-
morphisms of cytokine and Toll-like receptor
genes with serum levels of immune mediators
in patients with schizophrenia.

The following new associations between
single-nucleotide polymorphisms of cytokine
and Toll-like receptor genes and serum levels
of immune mediators were revealed in patients
with schizophrenia.

It was found that carriage of the C allele
for the 7IL1B T-511C polymorphism (rs16944)

was associated with an increase in the level of
IL-6 in patients with schizophrenia (p=0.034
for differences with the control group, power
0.94). In the patients who were homozygous
for the T allele of this SNP the level of IL-6 did
not differ from the control group (Figure 1).

According to the literature, the ILIB T-
511C polymorphism influences the transcrip-
tion of the /L1B gene, but the results in the lit-
erature regarding the functional effects of differ-
ent alleles are not consistent. According to [29],
the T allele results in increased transcriptional
activity of the ILB gene in the THP-1 human
monocyte cell line. Yet, there is data that in the
carriers of GG genotype the peripheral blood
mononuclear cells release more IL-1p after stim-
ulation with lipopolysaccharide [30]. Im-
portantly, the GG genotype for the ILIB
T-511C polymorphism has been associated with
an increased risk of schizophrenia, odds ratio
1.24 (95% CI 1.09, 1.41) [31]. It has also been
shown that the rs16944 GG genotype is associ-
ated with decreased gray matter volume and
functional activity of the brain in schizophrenia
and bipolar disorder [33, 33]. In addition, this
genotype was associated with a reduced likeli-
hood of achieving remission in 256 individuals
with depression (odds ratio = 1.74) [34].

The mechanisms of the influence of the
ILIB T-511C polymorphism on the risk of
schizophrenia and on the changes of the brain
in the patients remain unclear, but it has been
hypothesized that the effect of this SNP is re-
alized through modulation of IL-1f secretion
levels [35]. In the pathogenesis of schizophre-
nia, chronic activation of innate immunity and
disrupted balance in activation of Th1 and Th2
links of adaptive immunity with excessive ac-
tivation of Th2 link plays a large part, contrib-
uting to an increase in the levels of kynurenic
acid that causes glutamatergic dysfunction in
the patients [36]. IL-1B is one of the key in-
flammatory cytokines, involved in the initia-
tion and sustainment of chronic inflammation.
Activating the NF«B signaling, it induces ex-
pression of a number of inflammatory media-
tors in target cells, including the inflammatory
cytokine IL-6 [37]. IL-6 promotes Th2 differ-
entiation and inhibits Thl differentiation
through two independent molecular mecha-
nisms.
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Fig. 1. Serum level of interleukin-6 in patients with schizophrenia depending on the presence
of the C allele for the IL1b T-511C polymorphism.

IL-6 activates nuclear factor of activated
T cells (NFAT), stimulating production of IL-
4 by CD4(+) T cells and their differentiation
into Th2 cells. Moreover, it upregulates sup-
pressor of cytokine signaling (SOCS)-1 to in-
hibit IFNy signaling and the differentiation of
Thl cells [38].

The role of IL-6 as a potential marker of
the progression of cognitive impairment and
brain MRI changes in schizophrenia is cur-
rently being intensively studied. As mentioned
above, serum IL-6 levels are negatively asso-
ciated with cognitive performance in schizo-
phrenia [26]. In addition, according to our pre-
vious results, there is evidence that an increase
in the levels of this cytokine is associated with
morphometric changes in the left lingual and
left fusiform gyrus in the patients [25]. Taking
this into account, the association of the /L/B T-
511C polymorphism with an increase in IL-6
levels may contribute to the pathogenetic
mechanisms of schizophrenia at least in some
of the patients. Further research is needed to
understand the possible effect of the /IL/B T-
511C polymorphism on the clinical character-
istics of the disease and on its prognosis.

Carriage of the homozygous G allele of
the IL10 SNP 1082A (rs1800896) was associ-
ated with no significant increase in the levels
of proinflammatory cytokine/chemokine IL-8
(29.08 [12.22; 101.54], while carriers of the A
allele had significantly increased IL-8 levels
compared with the control group (39.07
[14.33; 89.67] and 13.16 [8.33; 32.11],
p =0.027, power 0.99).

Carriage of the A allele of the /L70 SNP
592 C>A (rs1800872) was also associated with
no significant increase in the levels of IL-8
(29.08 [9.24; 55.23], while homozygotes for
the C allele had significantly increased IL-8
levels compared with the control group (51.62
[23.36; 106.24] and 13.16 [8.33; 32.11],
p = 0.02, power 0.99).

According to the literature, homozygous
carriage of the G allele for the IL-10 polymor-
phism G-1082A is associated with a high level
of IL-10 production [39, 40]. The highest IL-
10 production is detected in the carriers of the
G allele which also have the A allele in IL10
592 C>A SNP [40]. IL-10 is an immunoregu-
latory cytokine that inhibits the production of
inflammatory mediators including IL-8, which
may to a certain extent explain the lack of in-
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creased IL-8 levels in the patients with schizo-
phrenia who are carriers of /L/0 1082A and
IL10 592 C>A SNPs.

Carriage of the Phe allele for the TLR3
Leu412Phe (G/ A) (rs3775291) polymorphism
was also associated with no significant in-
crease in the levels of IL-8 compared to the
control group, while carriers of the Leu allele

had significantly increased levels of IL-8,
p<0,05, power 0.89 (Figure 2). As can be seen
from Figure 2, carriers of the Leu allele also
had significantly higher levels of TNFa than in
the control group, but the statistical power of
this comparison was lower than 0.8, therefore
larger studies are required to confirm the
result.

350
300
250
200
E
=
o
150
100
p=0.008
65,485
[}
50 31,415
c 13,7855
o I 2 o Median
0/4- 0,
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Interleukin-8

Fig. 2. Serum level of interleukin-8 in patients with schizophrenia depending on the presence of the
Phe allele for the TLR3 Leu412Phe polymorphism.

According to the literature, increased se-
rum levels of IL-8 in schizophrenia predict the
development of resistance to therapy [41]. Fur-
ther studies are needed to elucidate the clinical
characteristics and the course of the disease in
the patients with schizophrenia who carry the
SNPs associated with lower IL-8 levels.

There 1is evidence that the T7TLR3
Leu412Phe (G/A) genetic polymorphism
(rs3775291) reduces the ability of the TLR3
protein to bind double-stranded RNA
(dsRNA). This polymorphism is associated
with a decrease in the synthesis of IFNy by
mononuclear cells of the umbilical cord blood
after stimulation of the cells with a synthetic
TLR3 ligand, pl:C [42]. Therefore, the poly-
morphism may contribute to a less pronounced
activation of the innate immune response and a
lower activation of the Thl-link of adaptive

immunity. In addition, it has been demon-
strated to have some protective effect against
the risk of HIV infection and HSV-2 infection
[43, 44]. In accordance with these effects of the
SNP, our work shows a lower level of proin-
flammatory cytokines in the patients with
schizophrenia who are carriers of the 7LR3
Leu412Phe polymorphism. They also demon-
strate an increase in the CIC level which may
reflect a higher activation of the Th2 compo-
nent of adaptive immunity.

In the present study a number of associ-
ations were revealed between the polymor-
phisms in the genes regulating the immune re-
sponse and the parameters of the systemic im-
munity in patients with schizophrenia. The
new data obtained are important for describing
different immunological variants of schizo-
phrenia and for identifying genetic factors that
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affect the type and severity of immunological
disorders in patients.

Activation of the systemic inflammatory
response found in this study in patients with
schizophrenia is in accordance with the litera-
ture data and with the previous results obtained
by the authors [25].

Increased frequency of SNPs in the /L10
gene in patients with schizophrenia has been
revealed in this study. This finding indicates a
need of further studies to clarify the possible
role of IL10 SNPs in the disruptions of neuro-
immune interactions that contribute to the
pathogenesis of schizophrenia and might affect
the clinical manifestations of the disease.

Associations of SNPs in the genes regu-
lating the immune response with the immune
parameters in schizophrenia were also found.
Notably, such associations were identified for
SNPs that were overrepresented in the patients,
including /L1710 1082A (rs1800896) and IL10
592 C>A (rs1800872). These results may indi-
cate a role of these SNPs in modulating the net-
work genetic interactions underlying certain
immunological endophenotypes in the pa-
tients. The associations of SNPs in genes reg-
ulating the immune response with increased
production of key inflammatory cytokines
such as IL-6 and IL-8 warrants further re-
search, considering that level of IL-8 has been
shown in our previous work to correlate with
clinically important characteristics of the dis-
ease including the severity of negative symp-
toms, and level of IL-6 was shown to be asso-
ciated with structural changes of the brain de-
tected by MRI [25, 45].

Based on the results of this study, re-
searching the associations of polymorphisms
of genes regulating the immune response with
immune parameters and clinical characteristics
of patients with schizophrenia is a promising
approach to elucidating the pathogenetic
mechanisms of the disease. Further research,
particularly in larger samples of patients,
adopting big data and network methodologies,
may contribute to the translation of fundamen-
tal immunogenetic data into clinical practice as
well as to finding new markers for prediction
of the course of schizophrenia.

Conclusion. In this study, the parame-
ters of immunity and a number of SNPs of cy-
tokine and TLR genes in patients with schizo-
phrenia have been assessed. The associations
of the studied SNPs with the type and severity
of immune disorders and the presence of sys-
temic inflammation in patients with schizo-
phrenia have been analyzed. New data have
been obtained on the relationship of genetic
factors, immune disorders and systemic in-
flammation in schizophrenia.

The principal findings of the study are:

1. In the patients with schizophrenia, ac-
tivation of the systemic inflammatory response
with an increase in the levels of key pro-in-
flammatory mediators including C-reactive
protein, cortisol, circulating immune com-
plexes, IL-8 and IL-17A was revealed, which
is in accordance with the previous results ob-
tained by the authors and with the literature.

2. Increased frequency of /L10 gene pol-
ymorphisms (rs1800896, rs1800872,
rs1800871) was revealed in the patients with
schizophrenia compared to the control group.

3. New associations between the levels
of immunological and inflammatory markers
and SNPs of cytokine and TLR genes in pa-
tients with schizophrenia were found. In-
creased IL-6 levels were associated in the pa-
tients with the presence of the C allele for /L/B
T-511C (rs16944), and increased IL-8 levels
were associated in the patients with the pres-
ence of the G allele for /L/0 SNP 1082A
(rs1800896), the A allele for IL10 592 C>A
(rs1800872) and the Phe allele for 7LR3
Leu412Phe (G/A) (rs3775291).
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Pesrome

AKTyanbHOCTh: [IpuMeHeHne MHIMOUTOPOB KOHTPOJIbHBIX Touek uMMmyHHTeTa (MKTU) siBnsiercs
MEePCIIEKTUBHON Tepanuei B IEYeHUH OHKOJIOTMYECKHUX 3a00JI€BaHN, B YACTHOCTH IIOYEYHO-KIIETOY-
Hoil kapunHoMsl (IIKK). HecMoTps Ha peBOMIIOIIMOHHBIN NPOPHIB B JICHEHUH paKa JaHHOW IPYIIION
IIpenaparoB, CyIIeCTBEHHAs J0JIs NALMEHTOB HE JIEMOHCTPUPYET OTBETa Ha JieueHne. Ha cerogusmni-
HUI JIeHb OlleHKa YpOBHS skcnpeccun 6enka PD-L1 (nuranna penentopa 3amporpaMMHUpOBaHHON
KJIETOYHOM rulenu 1) Ha OMyXOJIeBbIX KJIETKaX SIBISETCS €JUHCTBEHHBIM OJIOOPEHHBIM METOIOM
olpezeneHus nokazanui k HazHaueHuto MKTU, onqnako, 7aHHBII MapKkep HE O3BOJIET TOYHO CIIPO-
THO3UPOBAaTh OTBET Ha TEPANUIO. B CBA3M € 3TUM, aKTyaleH MOUCK JOMOJHUTEIBHBIX IPOTHOCTHUYE-
CKUX (haKTOPOB JJIsi KOHTPOJIA APPEKTUBHOCTH JieueHus nanueHTo npenapatamu MKTU Ha ocHOBe
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KOMILUIEKCHOT'O T€HETUYECKOTO U AnureHeTndeckoro ananuza. Heab ucciaenoBanms: [Ipoananuszu-
poBaTh M 000OIIUTH PE3YIbTATHI MOJIEKYJISIPHO-TEHETUYECKUX HCCIIEJOBAHUH C LIEIbI0 BO3MOKHOTO
MCIIOJIb30BaHHUs B KAYECTBE MPOTHOCTHUECKUX OroMapkepoB 3 (HEeKTUBHOCTH MPU HA3HAYSHHH IIpe-
naparoB UKTU. MaTtepuajbl 1 MeTOAbI: beimu npoBeneHbl 0030p U aHAIU3 POCCUNUCKHUX H 3apy-
OC)KHBIX UCTOYHHMKOB JIUTEPATYPHI B 0azax maHHbix Pubmed, Scopus, Google Academy, Elibrary 3a
nocjaeHue 5 JIeT MO CYHIECTBYIOIIMM MCCIIEOBAHUSAM, MO3BOJSIOMIMM OLEHUTh BO3MOXKHBIE (-
(eKThl TeHEeTHYECKUX MOMMMOPPU3MOB Ha pe3yiabTaTuBHOCTh Tepanuu MKTU u pa3Butue pesu-
cTeHTHOCTH. Pe3ysbTarhl: [ epMUHAIBHBIE MyTallUM T€HOB, CBA3aHHBIE C MUKPOOKPYKEHUEM OITY-
x0Jii U TeHOB PD-1, CTLA-4, a Tak:ke reTepo3UroTHOE HOCUTEIBCTBA F€HA CUCTEMbI YEJIOBEUECKOTO
nerdkonuTapHoro antureHa kinacca I (HLA-I) Ob11u accoOMUpOBaHBbI C YIIYUIICHHUEM ITOKa3aTenen a¢-
(EKTUBHOCTH M BBDKMBAEMOCTH Y MAIIMEHTOB, nonyyatomux Tepanuio MKTU. Hecmotps Ha cyie-
CTBYIOILYIO TPOOJIEMYy HEBBICOKOM 3(h(hEeKTUBHOCTHU CYIIECTBYIOIIUX OMOMAapKEPOB MPH Ha3HAUCHUU
UMMYHOTEPAIUH, POJIb MOJEKYJISPHO-TeHETUYECKUX OCOOCHHOCTEW MAIMEHTOB C OIyXOJIIMU Pa3-
JTUYHOM JIOKAIHU3AIMK Majlo U3y4eHa U TpeOyeT NMpoBeIeHUs JabHEHIINX UCCIeI0BaHUM B 3TO 00-
nacTy. 3akiarodeHue: MoyeKyIsipHO-T€HETUYECKIE OCOOCHHOCTH MallMeHTa UIPal0T BAXKHYIO POJIb
B (hopMHpOBaHNM OTBETA HA TEPAINHIO, B TOM YHCIIE MPOTHBOOMYX0JIeBYI0. Vcnonp30BaHue UX B Ka-
YeCTBE JOMOJHUTEIBHBIX MPOTHOCTHYECKUX MapKepoB ¢ dextuBHocTH Tepanuu MKTU y nanuen-
TOB C PA3IMYHBIMU OITYXOJISIMH [TO3BOJIHUT NEPCOHUPUIIUPOBATH MOAXO/ B JICYCHUH OHKOJIOTUYECKUX
3a00JIeBaHNH, TOBBICHUTh TOYHOCTh OTOOpa KaHAMJATOB U YMEHBIIUTH PUCK BOZHUKHOBEHUSI HMMY-
HOONOCPEAOBAHHBIX HEXKENATEIbHBIX SIBJICHUMH.

KiroueBble c10Ba: MHIHOUTOPHI KOHTPOJIBHBIX TOUYEK MMMYyHHTETa; PD-/; neKapcTBEHHAs! pe3u-
CTEHTHOCTb; IOUYEYHO-KJIETOYHAs! KAPLUMHOMA; F€HETUKA; FT€PMUHAIbHbIE MyTalluU

Juast umTupoBanus: ['nnszosa UP, Acanynnuna J1J1, IBanoBa EA, u np. ['epMuHanbHble MyTalun
KaK BO3MOKHBIE OMOMapKepbl 3PGEKTUBHOCTH TEPAITMH HHIHOUTOPAMU KOHTPOJIBHBIX TOUEK UMMY-
HUTETA y MallMEeHTOB C MOYEUHO-KJIETOUYHOM KapluuHOMOl (MUHH-0030p). HayuHbie pe3ynbTaTsl Ouo-
MEAUIMHCKUX nccnenoBanuii. 2022;8(2): 164-179. DOI: 10.18413/2658-6533-2022-8-2-0-3
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Abstract

Background: The use of immune checkpoint inhibitors (ICIs) is a promising therapy in cancer treat-
ment, in particular renal cell carcinoma (RCC). Despite the revolutionary breakthrough in cancer
treatment, a significant part of patients is resistant to ICIs. To date, the assessment of the PD-L1
protein expression level (programmed cell death receptor 1 ligand) on tumor cells is the only approved
method for prescribing ICI therapy, however, this marker does not accurately predict the response to
therapy. In this regard, the search for additional prognostic factors to control the treatment success of
patients with ICI drugs based on complex genetic and epigenetic analysis is relevant. The aim of the
study: To analyze and summarize the results of molecular genetic studies for the purpose of possible
use as efficacy prognostic biomarkers when prescribing ICT drugs. Materials and methods: The
review and analysis of Russian and foreign literature in the Pubmed, Scopus, Google Academy, Eli-
brary databases over the past 5 years was performed based on existing studies that allow to evaluate
the possible effects of genetic polymorphisms on the ICI therapy efficacy and the resistance develop-
ment. Results: Germline mutations in genes associated with the tumor microenvironment and PD-1,
CTLA-4 genes, as well as heterozygous carriage of the human leukocyte antigen class I (HLA-I) gene
were associated with improved efficacy and survival rates in patients receiving ICI therapy. Despite
the relevant problem of the existing biomarkers failure in the immunotherapy administration, the role
of molecular genetic features of cancer patients has been underexplored and requires further research
in this area. Conclusion: Molecular genetic characteristics of patients play an important role in the
therapy response, including antitumor therapy. The use of additional prognostic markers for ICIs
therapy efficacy in patients with different tumor types will make it possible to personalize the ap-
proach in cancer treatment, increase the accuracy of candidate selection and reduce the risk of im-
mune-mediated adverse events.

Keywords: immune checkpoint inhibitors; PD-1; drug resistance; renal cell carcinoma; genetics;
germline mutations

For citation: Gilyazova IR, Asadullina DD, Ivanova EA, et al. Germline mutations as possible bi-
omarkers of immune checkpoint inhibitor therapy efficacy in patients with renal cell carcinoma (mini
review). Research Results in Biomedicine. 2022;8(2): 164-179. Russian. DOI: 10.18413/2658-6533-
2022-8-2-0-3

BBenenne. 310kadecTBEHHBIE HOBOOO-
pa3oBaHUs MIOYEK COCTABIISIIOT 0KO0JIO 2% TiI0-
OaNbHBIX TUArHO30B paka U CMEpTeil OT Hero.
Oxkono 95% Bcex cimydaeB paka MOYKHU IMpea-
CTaBJIEHbI NOYeyHO-KJIeTOuHbIM pakoM (IIKP,
[IKK). B 6onpmmHCTBE MOJEKYISIPHO-O0MOIIO-
TMYECKUX U KJIMHUYECKMX HMCCIEN0BAaHUMN HC-
CIIEYIOT CaMylo YacTyto GopMy paka MOYKH —

CBETJIOKJIETOYHYIO MOYEYHO-KJIETOUHYIO Kap-
uuHomy (ckIIKK), cocraBusionryro OKOJIO
75% cnyuaeB 3aboneBanus [1, 2]. 3a mocuen-
Hue nojiseka 3aboneBaemocts [TIKK B pa3su-
TBIX CTpaHaxX yBEIMYHIAch 0OJiee YeM BIBOE.
CornacHo cratuctuke GLOBOCAN, cmept-
HocTh OoT [IKK B 2020 roay cocraBuia 6osee
179 000 genosek [3]. B Poccun I[IKK Bxomut
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B YMCIIO HauboJjee 4yacTo BO3HUKAIOLIUX OIy-
X0Jiell B o0IIel CTPYKType OHKOJIOTMYECKUX
3aboneBanuid. B 2019 rony B P® netanpHbIi
ucxon npu I1IKK cocrasun 6omnee 8000 uverno-
Bek [4].

NHruOuTopbl KOHTPOJIBHBIX TOYEK HM-
mynutera (MKTU) npousBenu npopeiB B CH-
CTEMHOM IIPOTUBOOITYXO0JIEBOM Teparnuu [5-21],
B YaCTHOCTH, B JIGYEHWU METACTaTUUYECKOI
I[IKK [1]. Hx mnpoTtuBoomyxoieBoe Aei-
CTBHE OCHOBaHO Ha OJIOKaJe CUTHAIbHBIX Iy-

teit CTLA-4 u PD-1/PD-L1 u ycunenunn mpo-
TUBOOIYXOJIEBOH aKTUBHOCTH JHM(OIUTOB
(Puc.1). Bueapenue B KIMHHUYECKYIO IIpaK-
TUKY UHTHOUTOPOB KOHTPOJILHBIX TOYECK HM-
MYHHOTO OTBETa, OJIOKUPYIOIIHUX [IUTOTOKCHYE-
ckuit  T-1MM(pOINT-aCCOMUPOBAHHBIA  TIPO-
teuH 4 (CTLA-4), Genok 3anporpaMMupOBaH-
HO# kietouHou rudenu-1 (PD-1) u nurang pe-
LENTOpa 3anporpaMMUPOBAHHON KJIETOYHOMN
rubdenu (PD-L1), mo3Bonmio yaydmmTh Mmoka-
3aTeNl BBDKMBAEMOCTH TAIIMEHTOB CO 3JI0Kaye-
CTBEHHBIMH HOBOOOPa30BaHUSIMH Pa3IHMUHOM
nokanu3anuu, B ToM yucie npu I[KK.

Puc. 1. Mexanusm neicTBUSI THTUOMTOPOB cUrHaibHbIX IyTed PD-1/PD-L1 u CTLA-4.
MHC — mosekyJsl TIaBHOT0 KoMIuiekca ructocoBmectumoct; TCR — penentop T-mum¢onuTos;
B7 — MmeMOpaHHbIil 0€10K Ha OBEPXHOCTU aHTUIE€H-NPE3EHTYIOMX KIeTok; CD-28 — kocTumyu-

pyIoLIMii moBepXHOCTHBIN O6enok Ha T-kierke; PD-1 — Genok 3anporpaMMupoBaHHOMN KJIETOYHOMN
rubenu-1; PD-L1 — nurang Oenka nporpammupyemoit kierounoit rudenu 1; CTLA-4 — rimuxonpo-
TeuH 1uToTokcnueckux T-nmumbonutos 4; antu- PD-1, antu-CTLA-4, antu-PD-L1 — MmoHOKI0-
HanbHble aHTUTeNa K 0enkam PD-1 u CTLA-4 u nuranny Oenka PD-L1.

Fig. 1. Mechanism of action of PD-1/PD-L1 and CTLA-4 signaling pathways inhibitors.
MHC — major histocompatibility complex; TCR —T-cell receptor; B7 — membrane protein on the
surface of antigen-presenting cells; CD-28 — costimulating surface protein on T cell; PD-1 — pro-
grammed cell death protein 1; PD-L1 — programmed cell death ligand 1; CTLA-4 — glycoprotein

of cytotoxic T-lymphocytes 4; anti-PD-1, anti-CTLA-4, anti-PD-L1 — monoclonal antibodies
to PD-1, CTLA-4 and PD-LI.
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B HacToAIEC BPpEMI MUMMYHOOHKOJIOI'U- B KaUCCTBE MOHOTEpAIIUU NI B KOM6I/IHaHI/II/I C
YeCKHUe Mpernaparsl, 0J00pEHHbIEC YIIPaBICHHEM JIPYTUMHU TPYIIIAMU TPEnaparoB Ui TEpanuu
10 KOHTPOJIFO Ka4eCTBa MHIIEBHIX TPOIYKTOB U [IMPOKOTO CIIEKTpa pakoBbIX omyxosei (Tao-
nexapcTBeHHbIX cpecTB (FDA), npumenstores mna 1).

Tabauya 1

Ilepeyens npenapaToB HHTHOUTOPOB KOHTPOJILHBIX TOYeK HMMYHHTETA,
0100peHHbIX YIIPaBJeHHEM N0 KOHTPOJII0 Ka4ecTBA MUIIIEeBHIX NPOAYKTOB
U JiekapcTBeHHbIX cpeactB (FDA)

Table 1
FDA-approved immune checkpoint inhibitors
Tun onyxoJn TepaneBTHYECKUH areHT
IL1oCKOKIETOUHBIN PaK rOJOBHI U 1LIEU HuBomymab nim [lemOponmu3zymab kak mpemaparsl BTO-

PO JIMHUU Tepanuu

[lemOponmuzymab B KOMOWHAIMK C TIpenapaTam¥ ILUia-
THHBI

3rokadecTBeHHasT MeTaHOMA Nnunnvymad, HIBOITYMad Wil meMOoponn3ymMad
Huonymab + Unuiumymad
[ToyeuHo-KI€TOYHAS KapLUUHOMA Husomymab + Mnunmumymad

Husomymab

HeMmenkokieTouHbli pak JErkoro HypBaxymab

[Nem6pomuzymad

[MemGponuzymab + npenapatsl IaTHHLL + [leMeTpexcen
Are3onuzymab + bepannzmad

[MemOponuzymab B KOMOMHAIMK C IpenapaTamy Iuia-
THHBI

[Membponmzymabd

Are3onuzymabd uinu Husonymao
MenKOoKIIETOUHBIN pak JErKOro ATte3on3yMal WM HUBOJIyMao
Jlumdoma XopKKUHA [MemOponu3zymad

MSI-Boicokue wiu MMR-nedunuthbie conua- | [lemOponu3ymad

HBIE OITYXOJIH JF000H THCTOIOTHH

HecMotpst Ha ynyunieHune nporsosa Bbl- KakK caMy OITyXOJlb, TaK U €€ MUKPOOKPYKEHUE
KUBAEMOCTH U OOJIBIIIOE pa3HOOOpa3ue CXem Y BKJIIOYAIOT 3Kcnpeccuto 6enka PD-L1, ypo-
JICUEHUs] TpenapaTaMd  JAHHOW  TPYIIIBL, BeHb Jaktataeruaporenassl (LDH), myrtanuun
TOJILKO HEOOJIbINasi YacTh MAIlEHTOB JEMOH- T€HOB CHCTEMBI BOCCTAaHOBJIEHUSI HECOOTBET-
CTpUpPYET OTBET Ha Tepamnuio, OONBIIMHCTBO crBus (penapanun) JHK (MMR), BapuaHTh re-
OCTaeTCs HEBOCIPUUMYUBBIMU M PE3UCTEHT- HOB, MYTallUOHHYIO HArpy3Ky OMYyXOJHd U T.1.
HBIMU K JiedeHuto [5, 18, 21, 22, 23]. [18]. Onmnako, mepeduciIeHHbIE OHOMapKephl

CymiecTByeT HECKOJIBKO OHMOMapKepoB, HMMEIOT PsiJT HEOCTATKOB, YTO TPEOYET BCECTO-
ACCOLIMMPOBAHHBIX C pEaKlued Ha Tepanuio POHHETO MOMCKA KaHAU/IaTOB, KOTOPbIE CMOTYT
anTu-PD-1/anT-PD-L1 AHTHUTEIIAMU BOCTOJIHUTBH HEJIOCTATKHU CYIIECTBYIOIINX TTpe-

(Tabnmuma 2). DT OMOMapKepbl OXBATHIBAIOT JTUKTOPOB [19].
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Tabnuya 2
buomapkepsl, acconuupoBaHHbie ¢ 0TBeTOM Ha Tepanuio UKTHU
Table 2
Biomarkers associated with response to ICI therapy
buomapkep 3a0osieBanne
ypOBeHL JIAKTAaTACTUAPOTrUHA3bL Menanoma
YpoBeHb MpoanonToTuieckoro oemka cemeiicrea BCL2 | Menanoma
(BIM) B nupkympyromux T-KieTkax
KomnuaectBo JII/IMCI)OLII/ITOB 1 OTHOCHUTCIPHOC KOJIMYCCTBO Memanoma

903MHOPHIIOB

Yposenr SOX2 (SRY-box daxrtop Tpanckpunuuu 2),
IKcnpeccupyemMbii T-KIeTkaMu

HemenkokneTouHbli pak JErKoro

CoOTHOIICHHE HEUTPODMIIOB K TUMQPOIUTAM

HewmenkokieTouHbIN pak JErkKoro

KoHueHTpalys THPKYITUPYIOLIEro pACTBOPUMOT0o Oelka
PD-L1 (sPD-L1) B mna3zme

Memanoma

KonueHTpalys THPKYJIUPYIOLIEro PACTBOPUMOTO Oelka
PD-1 (sPD-1) B mma3zme

HemenkokneTouHbli pak JErkoro

Oxcnpeccus reHoB [FN-y,IDO1, CXCL9Y

MeJ'IaHOMa, HEMEIKOKJICTOIHBII pak JETKOro, mno4Ye4yHoO-
KJICTOYHAasA KapluyuHoMa

Myrtanuuu renoB EGFR, MDM?2, MDM4

AneHokapuuHOMA JIETKUX, PaK MOYEBOTO IMy3bIPs, pak
MOJIOYHOH JKelle3bl, 3HJOMETpUaNIbHAasl CTpOMaJbHas
capkoMa

Myrtanuu renoB EGFR u ALK HemenkokaeTouHbIi pak JIErKoro
Myrtanuu rena KRAS umu TP53 HemenkokaeTouHbIi pak JIErKoro
Myrtanus rena STK11 AJnleHoKapuHOMa JIETKOTO, COMPOBOKIaeMasi My Talle

reta KRAS

MyTanuy TeHOB CHCTEMBI peraparyuy OIIHO0YHO clia-
peHHBIX ocHoBaHU (MMR)

12 tunoB omyxoneit

Myranus reaa PBRM1

CBETIIOKJIETOYHAS [TOYCYHO-KJIETOUHAS KapuouHoMa

MyTanus B reHe peakimu Ha nospexxaenue JHK (DDR)

IIporpeccuBHBIl ypOTEIHAIbHBIA PAK

O/HOHYKJICOTHAHBIE TONMUMOpP(]HBIE BapHAHTHI B Te€HAX
MHKPOOKPYKEHHS OITyXOJIU

HemenkokneTouHslil pak JErkoro, IJIOCKOKJIETOYHBIN
PaK roJioBbI U 1IEU, MEJITAHOMA

rs17388568

MeTracrarudeckas MelaHOMa

Okcrpeccusi TeHOB, koaupyrommx Oemku CD8-, PD-1
PD-L1

Meracrarudeckas MelraHoMa

Okcrpeccus reHa, koaupytomero 6eixok PD-L.2

I1110CKOKITE TOUHBIN PaK I'0JIOBBI U ICH, MEJIAHOMA

Hean uccaenoBanusa. AHanu3 U 0000-
IIEHUE PEe3YyJIbTATOB MOJIEKYISIPHO-TCHETHYE-
CKOT'O M3Y4YEHHUS! TepMUHAIBHBIX MyTallui Kak
BO3MOYKHBIX MPEIUKTOPOB 3(PPEKTUBHOCTH U
0€30MacHOCTH NpU Ha3HAUYEHUM Tepanuu
NKTH.

NuauBuayaibHble TeHeTHYECKHE 0CO-
O0EHHOCTH MaNMeHTa

Ha ceroansmnuii 1eHb O0JIBIIMHCTBO UC-
CIIEIOBAHU, HAIpaBICHHBIX Ha TPOTHO3MPO-
BaHME KIMHUYECKOH 3(h(hEeKTUBHOCTH UIMMYHO-
OHKOJIOTHYECKHX TIPETapaToB, COCPEIOTOUCHBI
Ha aHaJIM3€ MOJIEKYJISIPHOTO IOPTPETa Oy XOJIH
[5,21, 24, 25] u e€ mukpookpy:xenus [5, 21, 24,
26, 27]. Ouensb yacto paznuuust 3EHEKTUBHO-
CTH W TOKCHUYHOCTH JIFOOOW TEpamwu, B TOM

YHCIIe TPOTUBOOIYXOJIEBOM, 3aBUCST OT UHIU-
BUIyaJIbHBIX TEHETHUECKMX OCOOEHHOCTEH ma-
nuenra [21, 24, 28]. B Tepanuu paka BakeH
KOMITJICKCHBIA TIOZXOJ] ¥ aHAJM3 Kak T'eHOMa
OITyXOJM (COMAaTUYecKuil), TaK M IreHoMma ca-
MOro mnanueHTa (TepMUHAIbHBIN), KOTOpbIE
OIpeAessiIoT ucxoj JedeHus. COBOKYIHOCTh
TePMUHAIBHBIX M3MEHEHWH B TEHOME TMallH-
€HTa, KOAMPYs COOTBETCTBYIOIINE 0Nk, 0Oec-
TIEYMBACT BCE KM3HEHHO Ba)KHBIE MPOIECCH B
opranuszme. Crie10BaTeNnbHO, U3BMEHYMBOCTD I'e-
HOMa MOXET MMETh MOCJIEACTBUS M JTH000H
CHCTEMbl OpraHu3Ma MalueHTa. | epMUHAIb-
HBIE TATOTEHHBIE MyTAI[UH BO3HUKAIOT B TTOJIO-
BBIX KJIETKAaX HACJEIYIOTCS B MOCIEIYIOIINX
MOKOJICHUAX, OOHAPYKUBAIOTCSA BO BCEX KJIET-
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Kax opranusma [29] u peiko BCcTpeyaroTcs B Io-
IMyJSAUAX (4aCTOTa UX BCTPEYaEMOCTH MEHbILIE
1%). OpHako, yacToTa repMUHAIBHBIX MYyTa-
LIMHA, AacCOLUMUPOBAHHBIX C  Pa3IMYHBIMHU
HACJIE/ICTBEHHBIMU OHKOJIOTUYECKUMU 3a00I1e-
Banusmu [30, 31], ¢ 9yBCTBUTENBLHOCTBIO U pe-
3UCTEHTHOCTBIO K OIPE/ICIICHHOMY BH]y Tepa-
MU, C pa3BUTHEM MTOOOYHBIX peakiuii [32] Mo-
XKET JocTuraTh nopsiaka 15% [29].

OHOHYKJICOTHIHBIE  MOJIUMOP(HUIMBI
(SNP) Tpaau1iMOHHO KUCIIOJIB3YIOTCS JUIsl [IOHU-
MaHHsI MEXaHHW3MOB pPEaKlMU Ha JIEKAPCTBEH-
HYIO TEPAIUIO [IPU Pa3INUHBIX 3200J€BaHUAX U
nerde cranaaptuzyrorcs [19]. Ha ceromusi-
HUW JICHb BIIUSHHUE TEHETHMUYECKUX TMOJIUMOp-
(U3MOB KITIOUEBBIX T'€HOB Ha TEPANIeBTUYECKHIA
oTBeT IpH JieyeHuu npenaparamu MKTU npu
Pa3NUYHBIX OHKOJIOTUYECKHX 3a00JIeBaHMSIX
Maio m3ydeHo [21]. BeisBienue mommmopd-
HBIX BapHaHTOB T'€HOB Kak (pakTopoB 3ddek-
TUBHOCTH UMMYHOTEPAITHH, a TAKXKe (JaKTOPOB,
CIOCOOHBIX MpeICcKa3aTh TOKCUYHOCTD, CBSI3aH-
HYIO C JICUEHHEM, SIBIISIETCS aKTyalbHOM 3a/1a-
4eid, pereHrne KoTopoil Oyaer crnocoocTBOBaTh
(OPMUPOBAHHIO TPYII MAIIMCHTOB C HAHOOIb-
el BEpOSTHOCTHIO OTBEYAIOLINX Ha TEPAIHIO.
[TomoOHast wHpOpMamms 1ienecoo0pa3Ha s
MIPUMEHEHHS B IPAKTUYECKONW OHKOJIOTUU IS
NepCOHU(PUIIMPOBAHHOTO MOJX0Aa B UMMYHO-
TEparuu OHKOJIOTWYECKHX 3a00JeBaHUN pa3-
JIMYHOM JIOKanu3auuu, B ToM uucie rnpu [TIKK.

B cBs3u ¢ 3TUM BO BCEM MHpE aKTUBHO
BEAYTCsI NCCIIEI0BaHHSI TEpPMUHAIIBHBIX U COMa-
TUYECKUX HM3MEHEHHH, CIIOCOOHBIX BIUATH Ha
TEpareBTHUECKU OTBET MPH JICYCHUU TIperia-
paramu UKTH.

HNMmmynHas cucreMa M 3QQeKTUB-
Hocthb Tepanuu UKTH

Jloka3aHo, 4TO rOMEOCTa3 UMMYHHOM CH-
CTEMBI OpraHu3Ma 1 KJII0UeBbIe OMOTOTHYECKUE
MEXaHU3Mbl, €€ KOHTPOJMPYIOLIUE, UIPAOT
BA)KHYIO POJIb B YCHEIIHOM NPUMEHEHUU Tpe-
naparoB UKTU [5]. BzaumocBs3p kaHmepore-
HE3a C BOCHAJIUTEIbHBIM KOMIIOHEHTOM OIO-
cpeayeTcs 4epe3 akTHBalUIO0 (PaKTOPOB BPOXK-
JEHHOro WMMyHUTeTa. MIMMyHHas cucrema
MIpECTaBIsieT cO00M CIOMKHBI MHOTOYpPOBHE-
BbIIl KOMILJIEKC CUCTEM Pa3HbIX THIOB KIIETOK,
PaCIO3HAOIINX YY>KEPOAHbIE KJIETKH. [{aHHbIN

KOMILJIEKC COCTOMT U3 AaKTUBU3UPYIOLIUX U UH-
rMOMPYIOIIMX KOMIIOHEHTOB, BKJIKOYas MHOIO-
YHUCJICHHbIE MEXAaHWU3Mbl HMMYHOJIOITMUYECKON
TojepanTHOCTU. HopmanbHOEe (hyHKIHMOHUPO-
BaHHWE UMMYHHOM CUCTEMBI IIOJIpa3yMeEBAET ce-
PHIO KOMIUIEKCHBIX B3aUMOJEHCTBUIA.

Perynsiiiust  3alMTHBIX peakuuii opra-
HU3Ma, B TOM 4ucCiIe (PYHKIHUNA KJIETOK-MHIIIE-
Hell, OCYILECTBIISIETCS C MOMOLIbI PacTBOPHU-
MBIX MEAMATOPOB, HA3bIBAEMBIX LIUTOKWHAMH,
Ha BHEKJIETOYHOM U BHYTPHUKJIETOUYHOM YpPOB-
HAX. OHU SBJISIOTCA KJIOYEBBIMU MOJIYJISITO-
paMM TKaHEBOT'O [TOBPEXKICHUS, MHOXKECTBA I'0-
MEOCTATUYECKUX M BOCHAIUTEIBHBIX IpOLEC-
COB, YYacTBYIOT B IaTOr€HE3€ MHOTUX 3a00J1e-
BaHuil. L{uTOKMHBI KiIacCUPUIMPYIOT Ha OT-
JIeJIbHBbIE TPYIIBl HA OCHOBE UX CTPYKTYpBHI,
CBA3aHHOTO C HUMH CHUTHAJIBHOIO IIyTH, a
TaKXKe II0 XapakTepy JeHcTBUSA (MHTEpie-
KHUHBI, HHTeP(EPOHBI, XEMOKHHBI, (PaKTOPHI PO-
cra, (aktop Hekposza omyxonu (OHO) [33].
Tak, XeMOKHHBI MOTYT IIPSIMO U KOCBEHHO BO3-
JIeMCTBOBaTh Ha OIyXOJIEBbIE KJIETKU M CIO-
COOHBI peryiupoBaTh UX Npoiudeparuo, Mu-
rpallvio, UHBa3MIo, MeTacTazupoBanue [34, 35].
OHU TakKe MHULIUUPYIOT XEMOTAaKCHC, KOTO-
PBIi JIEXKUT B OCHOBE MPOLIECCA «YCKOJIb3aHUS
OIMyXOJIEBBIX KIJIETOK OT MMMYHHOI'O OTBETA;
MOTYT MPUBECTH K UMMYHHOU TOJIEPAHTHOCTH
U TporpeccupoBaHuto omyxonu [36, 37]. Xe-
MOKHWHBI U IIATOKWHBI TAK)KE€ MPUHUMAIOT y4a-
CTHE B aHTHUOT€HE3€e OIyXOJIM, KOTOpPbI HE00-
XOIMM ISl ONITUMAJIbHON IPOTPECCHUH OHKOJIO-
rMyecKoro mnpouecca. KonnyectBo KpoBeHOC-
HBIX COCYJIOB B OIIYXOJIM KOppenupyeT ¢ Oosee
BBICOKOHM 4acTOTOW MeTacTa3upoBaHus u Oosee
4acThIMU penuauBamu [37].

He menee BaxkHyI0 poib B (OpMUpPOBa-
HUU U PETYJISLIMYA IMMYHHOTO OTBETA P paKe
UTPaIOT MHTEPIICHKUHBI, 00eCIICUNBAOIIIE Me-
JMATOPHOE B3aMMOJICHCTBHE U CBSI3b UMMYH-
HOW CHCTEMBI C JAPYIMMH CHCTEMaMH oOpra-
HU3Ma, a TaKke MHTepPEpOHbI, KOTOPbIE OKa-
3BIBAIOT AHTUIPONU(EPATUBHYIO M TMPOTUBO-
OITyXOJIEBYIO aKTUBHOCTh B OTHOIIEHUH OITyXO-
JIEBBIX KJIETOK.

OnpenenstonuM (pakTopom MozIepKa-
HUS TOMEOCTa3a UMMYHHOM CHCTEMBI SIBIISIETCS
HACJIC/ICTBEHHBI KOMIIOHEHT HWHIUBUIYyyMa
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[5]; reHeTHUeckue OCOOEHHOCTH JIEKAT B OC-
HOBE pa3juyuuil B aKTUBAIMU OIPEIEICHHBIX
TUIOB UMMYHHBIX KJIETOK, B yacTHOCTH CD4+
u CD8&+ T-knerok [38], UIMMyHOCTUMYJIUPYIO-
IIUX MOJIEKYJ U TeHOB, CBA3aHHBIX C UMMYHHU-
teroM [39].

Tak, B He1aBHEM UCClieI0BaHUH OOHApY-
KeHa B3auMOCBs3b MeK1y SNP reHos, cBsizaH-
HBIMU C MHUKpPOOKpYy>keHueMm omyxonu (CCL2,
NOS3, ILIRN, IL12B, CXCR3 n IL6R) u >¢-
(EeKTUBHOCTBIO TEPANTUM MHTMOMTOpAMU KOH-
TPOJIbHBIX TOUEK IMMYHHOT'O OTBETA Y MallUEeH-
TOB C OIyXOJSIMU PA3IMYHOM JIOKAIU3AIMH, B
toM uymcie [IKK [25]. be3omacHocTh naHHOH
TpyNIbl TIpernapaToB ObLIa acCOIMUPOBaHA C
SNP, pacnionoxxennbimMu B reHax UNG, IFNW 1,
CTLA 4, PD-L1 w IFNL4 y Tex k€ MalleHTOoB
[25].

I'epmuHanbHbIE MyTAIIUM M TIPOTHO3HU-
poBanme orBeta Ha Tepanuio UKTHU

[Ipu ananvze 0THOHYKJICOTHIHBIX ITOJIH-
MOp(]HBIX BapraHTOB B reHax PD-L [ okasaHo,
YTO TAIMEHTHl C HEMEJKOKJIECTOYHBIM PaKOM
NETKOro — HOCHUTEIN TeHOTHUIIOB
rs4143815*C/C n rs4143815*C/G rena PD-L1
[IPU Teparuy HUBOIyMaOOM JEeMOHCTPHUPOBAIU
Tyqi1y o 3¢ GeKTUBHOCTH U BBDKHBAEMOCTH 0e3
MIPOrPECCUPOBAHUS IO CPABHEHUIO C MallUEH-
TaMu-HocuTemsiMu reHotuna rs4143815*G/G
[40-44]. AnanoruyHbIM 00pa3oM, B3aMMOCBSI3b
YacTOThl OOBEKTUBHOTO OTBETA HAa TEPAITHIO
npenapatramu UKTU u BbpKuBaemoctu 0e3
MPOrpecCUpoBaHus ObLIa TMPOJIEMOHCTPUPO-
BaHa y MallMEHTOB ¢ reHoTunamu rs2282055%*
G/G u rs2282055*G/T rena PD-LI o cpaBHe-
HUIO C TAIUEHTaMH, SIBJISIOIIMMUCS HOCHUTE-
nssMu reHotHna rs2282055* T/T [40, 41].

B npyrom nccienoBanuu moka3aHo, YTO
HOCUTENIM MHHOpHOro amiens rsl17388568*A
JEMOHCTPUPOBAIM OTBET HA TEPANMIO aHTUTE-
namu k PD-1 peuenropy [45].

VY nmanueHToB ¢ MENAaHOMOW, MOJy4Yaro-
mmx Ttepanuio aHTH-PD-1 anTuTenamu, ObLT
MPOAHATM3UPOBAH PAJ  OAHOHYKICOTHUAHBIX
nosmmMopduzmoB — 1s36084323, rs11568821,
1s2227981, 15102042256 rs2227982 u obHapy-
KEHO, 9TO HOCHUTENN TEHOTHUTIA
rs11568821*G/G  nmemoHcTpupoBaiu  Ooree
TOJHBIA TEPANeBTUYECKU OTBET MO CpaBHE-
HUIO c HOCHUTEIISIMU TreHOTHUIa

rs11568821*A/G. DT0 CBUACTEILCTBYET O TOM,
yro amienb rs11568821*G accouuupoBan ¢
Jydlleld BBKMBAEMOCTbIO 0€3 IporpeccupoBa-
Hus [46].

B pab6ore, nposeaennoi Mirjam de With
¢ kosuteramu B 2021 roy BBISIBJICHO, UTO HallH-
€HTBI C cOueTaHHeM IreHOTHIOB 152227981*CT
n 1s2227981*TT rena PD-1 neMOHCTpUPOBATIN
yXyJIIeHHEe 001Iel BBHKUBAEMOCTH 10 CpaBHE-
HUIO C MAalMEeHTAMU-HOCUTENSIMU TE€HOTHIA
1s2227981*CC. Kpome ToOro, y HOcuTenen
PDCDI1 804C > T oOHapy>Xujdu CHUKEHHUE
nomu nepudepuueckux PD-1+CD4+ T-kietok
[47].

C npyroil cTOpOHBI, B IpyroM HCCIEN0-
BaHUM TPOJAEMOHCTPUPOBAIM BIIUSHHUE IOJIH-
MOpP(HBIX BAPHAHTOB reHa 0eika 4 MUTOTOKCH-
yeckux T-mumdorutoB (CTLA-4) Ha oTBeT Ha
tepanuto anturenamu Kk CTLA-4 y nanueHToB
¢ Mena"Homoi [48].

HenaBuee cexBeHupoBaHHE HOBOrO MO-
kosienus (NGS) 1mo3Bosnio BbIABUTH B3aMMO-
CBSI3b TETEPO3UIOTHOTO HOCUTENBCTBA TI'€HA
IJIABHOTO KOMIUIEKCA TMCTOCOBMECTUMOCTH
(HLA-I), npe3enTytrouiero T-kieTkam oryxoJie-
BbI€ IENTHU/IbI, C peaKklreil Ha Teparuio aHTH-
PD-anTuTenaMu n rnokasareiasiMu BBDKHBAEMO-
CTH Yy NAIIUEHTOB C MEJIAHOMOM U PAKOM JIETKUX
[5]. Tlony4yeHHble JaHHBIE COOTBETCTBYIOT pe-
3yJpTaTtam 0oJiee paHHUX UCCIIE0BaHHM, KOTO-
pble moKa3ayu, 4To 3()PPEeKTUBHOCTH Tepanuu
HNKTH 3aBuCUT OT MMMYHHOH aKTHBHOCTHU
HLA-I [21, 49, 50, 51]. Ilpu stom >¢dpdexTun-
HocTh Tepanuu mpenaparamu MKTH cHumka-
Jlach MPH COMATUYECKON MOTEepe reTepo3UroT-
HOTO HOCHUTENBCTBA I'€HAa CHCTEMBI TKaHEBOMN
COBMECTUMOCTH /1L A-I B OITyXOJIEBBIX KJIETKAX.
Takum 06pa3oM, 3TO IEMOHCTPHPYET B3aUMO-
CBSI3b MPE3EHTALINU CIEU(PUUECKUX OITyXoJie-
BbIX aHTUIeHOB T-3peKTOpHBIM KiIEeTKaMm ¢
pa3HBIM HOCHUTEIBCTBOM I'eHa cucteMbl HLA-I
[49]. A Hasan Ali O. ¢ konneramu B CBoel pa-
00Te BBIIBUIM B3aUMOCBS3b Pa3BUTHUS MOOOY-
HBIX 3((EKTOB y MAIMEHTOB CO Creludprye-
CKAMH MyTalUsIMU F€HOB cucTeMsl HLA-I ipu
npumenennu UKTH [52].

3akiouenne. Takum oOpazom, He-
CMOTpsl Ha 3HAYUTEJIBHOE KOJINYECTBO IIPOBE-
JIEHHBIX UCCIIEJ0OBAaHUM, IO CUX MOp HE BBISB-
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JICHbI KaKHe-TH0O HaJle)KHbIe MapKephl, CIO-
coOHbIe mperncka3arh 3(peKTUBHOCTh MpHMe-
Henus npenapatoB UKTHU y nanueHToB ¢ oH-
KOJIOTHYECKMMHU 3a00JieBaHUsAMU. B cBsizu ¢
3TUM, TOHUMaHNE MEXaHU3MOB, JIEXKAILIUX B OC-
HOBE MHIMBHUIYaJTbHBIX OCOOCHHOCTEH OTBETa
Ha tepanuto npenaparamu MKTH, ocraercs ox-
HOW M3 KIJIIOYEBBIX 3aJa4 MEepCOHAIN3UPOBAH-
HOTO IOJIXOa B COBPEMEHHON OHKOTEpAaIUu.
AKIIEHT Ha TepMUHAIBHBIX W3MEHEHHSX B re-
HOME MAallMEHTa U KCIIOJIb30BaHUE MX B Kaue-
CTBE MPOTHOCTUYECKHUX (PAKTOPOB, BBHUIY HUX
CHIEU(UYHOCTH, JIETKOJOCTYITHOCTH U HEHH-
Ba3MBHOCTH, IO3BOJISIT MOTEHIUAIBHO MPOTHO-
3upoBaTh APPEKTUBHOCTE W 0E30MACHOCTh
npuMenenust npenaparoB UKTHU nipu nedyennn
naueHToB. [lepeuuciieHHble BbIILIE HUCCIEN0-
BaHUS JEMOHCTPUPYIOT acCOIMALUI0 TepMH-
HAJIBHBIX TOJIMMOP(HBIX BAapUAHTOB psja Te-
HOB C MMOKa3aTeNsIMu 001Ieil BEDKUBaEMOCTH B
OTBET Ha UMMYHOTEPAIIUIO Y MMALUEHTOB C OIly-
XOJSIMA Pa3fIMYHON JIOKAIM3ALUUU U JIOJKHBI
YUUTBIBATHCSI BMECTE CO CBOWCTBAMH OITyXOJIU
1 e€ MUKPOOKpPY>KEHHEM B KayeCTBE MPOTHO-
CTUYeCKuX OnomapkepoB 3¢ddexTuBHOCTH Te-
parmuu MKTU. [lomyuenHble Ha HEOONBIIMX
BBIOOPKAX JTAaHHBIEC TIOATBEPKIAIOT POJIb TE€HE-
THUYECKHX IMOJMMOP(GU3MOB B MPOTHO3HUPOBA-
HUU Y3PPEKTUBHOCTH ¥ 6€30IIaCHOCTH UMMYHO-
tepanuu. [locnenyroniee n3y4eHue u MoaATBEP-
YKJICHHE TAHHBIX Ha OOJIBIITUX BRIOOPKAX MO3BO-
JUT B JaJbHEHIIEM NPUMEHATH F€HETUYECKHE
MOJUMOP(PU3MBI B KAUECTBE JIOTIOJHUTEIBHBIX
OroMapKepoB MPOTHO3UPOBaHUS IPPEKTUBHO-
CTH 1 O€30MaCHOCTH UMMYHOTEpAITHH.
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PoJ1b BHICOKONIEHETPAHTHBIX MYTAIlUH B reHax
BRCAI u CHEK? B xapakTepe accouuanuu
MOJIUMOP(PHU3MA T€eHOB MATPUKCHBIX
METAJJIONPOTENHA3 C PAKOM MOJIOYHOM kKeJ1e3bl

H.B. IIaBaosa ©©, B.C. OpJosa @, U.B. batayukas ©©, O.A. E¢ppemona 2,
N.B. [TonomapeHko

denepalibHOE rOCYAapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE
yUpeXKIEHUE BBICIIETO 00pa30BaHUS
«benropoIcKuil roCy1apCTBEHHBIN HAlMOHAIBHBIM HCCIIEN0BATEIIbCKAN YHUBEPCUTETY,
yi. [ToGenst, a. 85, r. benropoa, 308015, Poccuiickas denepanus
Asmop onsn nepenucku: U.B. [lonomapenxo (ponomarenko i@bsu.edu.ru)

Pesrome

AKTyanbHOCTh: Pak MosouHoii sxene3sl (PMIK) 310 ommyxosib MOJIOUHOM KeJie3bl 37I0Ka4YeCTBEHHOTO
XapakTepa, KOTopasi 3aHUMaeT BeAyIlee MECTO Kak B CTPYKTYpe OHK03a00JIeBaHUH Y JKEHIIWH, TaK U
CpeAy MPUYMH CMEPTHOCTH KEHCKOI'0 HaceIEeHUs OT 3710Ka4eCTBEHHbIX HOBOOOpa3oBaHuii. Posb re-
HeTnueckux (pakropo B hopmupoBannu PMIK He Be3biBacT comHenuid. Llesan nccienoBanusi: U3zy-
YUTh POJIb BEICOKOIIEHETPAHTHBIX MyTauuil B reHax BRCAI n CHEK?2 B xapakTepe accolaluii 1no-
auMop(¢ur3Ma TeHOB MaTpUKCHBIX MeTayutonpoTtenHas (MMP) c PMK. MartepuaJjibl u MeToabl: s
peleHus] TOCTaBIEHHON IEeJIM UCCIIeAOBaHUS ObUIM C(HOPMHUPOBAHBI CIEAYIOLIHME TPH BHIOOPKU:
26 OonpHbix PMIK, wmmMmerolmue BBICOKONEHETpaHTHble MyTauuud B reHax BRCAI (c.5266dup
(5382insC), ¢.68 69del (185delAG), 2080delA) u CHEK?2 (1157T)), 332 6oapabIx PMIK 6€3 repmu-
HanpHBIX MyTammid B reHax BRCAI (c.5266dup (5382insC), ¢.68 69del (185delAG), 2080delA,
4153delA), BRCA2 (6174delT) u CHEK?2 (I1157T) u 746 »eHIIUH KOHTPOJIBHOM rpynimsl. B pabote
U3Y4YeHbl JECATh MONMMOPPHU3MOB TNSATH TEHOB MAaTPUKCHBIX MeTtamuionporenHas (MMPI,
MMP2, MMP3, MMP8 n MMP9). Ananu3 accouyanuii mpoBOIUIICS METOJIOM JIOTUCTHYECKON pe-
rpeccun. Pesyabrarel: ['enotun TT rs1940475 MMPS8 y 6onbabix PMIK, nmeromux BrICOKOTIEHE-
TpaHTHbIe MyTaluu B reHax BRCA I u CHEK? (3,84%) BcTpeuaercs B 6-7 pa3 pexxe B CPaBHEHUH Kak
C MalMeHTKaMH, He UMeroImux 3Tux mytauui (22,80% ppem=0,04), Tak 1 MHAUBUIYyyMaMu KOH-
TposnbHOM rpynmsl (26,18% ORcov=0,11 95%Clcov 0,01-0,81 pperm=0,03). Cpenu 6onbHbIx PMIK, He
MMEIOILIUX BBICOKOIIEHETPAaHTHBIX MyTauuil B reHax BRCAI u CHEK?2, ¢ 3ab001eBaHHEM acCOLIMUPO-
BaH nonumopdusm rena MMPY9: 1517576 (ORcov=0,81 pperm=0,03), 1s2250889 (ORc¢0v=0,61-0,66
Pperm=0,03), 1$3787268 (ORcov=2,03 pperm=0,04) 1 neBITH pa3iaHUHBIX TaIJIOTUIIOB IIECTH U3y4YeH-
HBIX JIOKYCOB MMP9 (Pperm<0,05). 3akarouenue: [Tomumopdusrit moxyc rs1940475 MMPS cBs3aH ¢
puckom pazButs PMX y skeHIIMH ¢ BBICOKONIEHETpaHTHBIMU MyTalusiMu B reHax BRCAI n CHEK?2,
a nomumopdusm rena MMP9 acconuupoBaH ¢ 3a00JI€BaHUEM Yy >KEHIIMH, HE MUMEIOIIMX JaHHBIX
MyTalui.

KuroueBble cjioBa: pak MoJOuHOM kene3sr; MMP; nonumopdusm; accounanuu; BRCA1; CHEK?
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The role of highly penetrant mutations
in BRCAI and CHEK? genes in the pattern
of associations of matrix metalloproteinase

gene polymorphisms with breast cancer

Nadezhda V. Pavlova 0, Valentina S. Orlova @2, Irina V. Batlutskaya °,
Olga A. Efremova ©, Irina V. Ponomarenko

Belgorod State National Research University,
85 Pobedy St., Belgorod, 308015, Russia
Corresponding author: Irina V. Ponomarenko (ponomarenko i@bsu.edu.ru)

Abstract

Background: Breast cancer (BC) is a malignant breast tumor, which occupies a leading place both
in the structure of oncological diseases in women and among the causes of female mortality from
malignant neoplasms. The role of genetic factors in the formation of breast cancer is beyond doubt.
The aim of the study: To study the role of highly penetrant mutations in BRCAI and CHEK? genes
in the pattern of associations of matrix metalloproteinase genes (MMP) polymorphism with BC. Ma-
terials and methods: To solve the research goal, the following three samples were formed: 26 BC
patients with highly penetrant mutations in the BRCAI (c.5266dup (5382insC), c.68 69del
(185delAG), 2080delA) and CHEK?2 (1157T)) genes, 332 BC patients without germinal mutations in
the BRCAI (c.5266dup (5382insC), c.68 69del (185delAG), 2080delA, 4153delA), BRCA2
(6174delT) and CHEK?2 (1157T) genes and 746 women of the control group. Ten polymorphisms of
five matrix metalloproteinase genes (MMP1, MMP2, MMP3, MMPS8 and MMP9) were studied. The
analysis of associations was carried out by the method of logistic regression. Results: The TT
151940475 MMPS genotype in BC patients with highly penetrant mutations in the BRCA 7 and CHEK?
genes (3.84%) is 6-7 times less common in comparison with both patients without these mutations
(22.80% pperm=0.04) and control group individuals (26.18% ORcew=0.11 95%Clcov 0.01-0.81
Pperm=0.03). In BC patients who do not have highly penetrant mutations in the BRCAI and CHEK?
genes, MMP9 gene polymorphisms are associated with the disease: rs17576 (ORc¢ov=0.81 pperm=0.03),
152250889 (ORcov=0.61-0.66 pperm=0.03), rs3787268 (ORcov=2.03 pperm=0.04) and nine different hap-
lotypes of the six studied MMP9 loci (pperm<0.05). Conclusion: The rs1940475 MMPS polymorphic
locus is associated with the risk of developing BC in women with highly penetrant mutations in the
BRCAI and CHEK? genes, and polymorphisms of the MMP9 gene are associated with the disease in
women without these mutations.

Keywords: breast cancer; matrix metalloproteinase genes; polymorphism; associations; BRCAI,;
CHEK?
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Pak monounoii sxene3sl (PMIXX) sTo omy-
XO0JIb MOJIOYHOHM >KeJe3bl 3J0KaueCTBEHHOTO
XapakTepa, UMeIolIas SMUTEIHAIBFHOE TPOKC-
xoxaenue [1]. CorinacHo JAaHHBIM MHUPOBOM
CTaTUCTUKHU (MaTepuaibl MeXIyHapoIHOTO
areHTCTBA 110 M3YYEHMIO paka) B HacToOsllce
BpEMs €KErOJJHO Cpe/id HACEJIeHUs MUpPa BbI-
ABIIsiETCA OoJiee 2 MIJUIMOHOB HOBBIX CITy4acB
PMX [2]. Cpenu Bcex ciydaeB paka (exe-
rOJHO B MHpe perucrpupyercsa 19,3 miH Ho-
BBIX cllydaeB oHkomnaronorun) PMX sBnsercs
HaubOonee gacteiM (11,7%) [2]. Cpenu xeH-
CKOTo HacesneHus yaenbHbI Bec PMX cpenu
BCceX OHKo3aboneBanuii cocrtasiager 24,5%
[3].Ilo nannbiM Poccrata B 2020 roay B Poc-
culickor denepanny KOJIMYECTBO JKEHIIUH Y
KOTOPBIX OB BIEPBBIC B KU3HU YCTAHOBJICH
nuarao3 PMOK coctaBuiio 65,0 ThIC. YEJIOBEK,
a rokasaTeb 3a001eBaeMOCTH ObLI paBeH 82,8
Ha 100000 ugenoBek [4]. OOpaimaer Ha cebdst
BHUMaHUE UMEIOIAsICS TEHCHIIHS K POCTY 3a-
6omneBaemoct PMXK B P®: crangaptu3oBaH-
HBIM ToKa3zaTenpb 3aboneBaemoctu Ha 100000
HaceJIeHusl (MUPOBOM CTaHIapT) 3a MOCJIETHUE
necsTh Jet Boipoc ¢ 42,83 B 2008 1. 1o 51,63 B
2018 r., mapaMeTp CpeIHEroJ0BOrO TeMIa
npupocta 3abonaeBaeMocTu coctaBui 1,97%, a
MoKasareiab MpHUpocTa 3a00JeBaEMOCTH 3a
JaHHBIA BpeMeHHOM nepuon — 22,15% [5].

HacnenctBennsle  (akTopbl  UrparoT
Ba)XXKHOE 3HaueHue B paszputuu PMXK [6-10].
[IpoBeneHHbIE K  HACTOSILIEMY BpPEMEHH
MoJTHO-TeHOMHBIe  nccaenoBanus (GWANS)
PMIXX yxa3piBaioT Ha CBs3b C 3a00JeBaHUEM
6onee 180 pa3aMyHBIX T€HETUYECKUX BapHaH-
TOB
[https://www.ebi.ac.uk/gwas/search?query=br
east%?20carcinoma], BOBJIEYEHHOCTb KOTOPBIX
B (OpMHpOBAHUE NMATOJOTMM 3aBUCHUT OT Ta-
KUX (aKTOpOB KaK MOJEKYJSPHBIA MOJITHUI
OIyX0JdH (JIIOMUHAJIbHBIA, TPOMHON HEraTHB-
HBIM W Jp.), HajguuuMe MyTaluil B TeHax
BRCAI1/2w ap.[11, 12, 13]. Ilpu oToM crenyer
OTMETUTH, YTO JJAaHHBIE TOJIMMOP(HBIE TOKYCHI

o0BsicHstoT b 18% HacnienyemocTu 3a60-
JieBaHud [9], a ¢ BBICOKOIIEHETPAHTHBIMU MY-
tauusiMu B reHax BRCAI/BRCA2, CHEK?2,
ATM, PALB2 w psne ap. TEHOB CBsi3aHO ~5%
PMX [6, 7]. BmMecTe ¢ 3TUM, IO COBPEMEHHBIM
TFE€HETUKO-3IIUIEMUOJIOTUYECKUM  OLIEHKaMm
BKJIaJ] HACJIEJICTBEHHOI KOMIIOHEHTHI B (op-
mupoBanue PMX nocturaer 1o 31% [10]. Uc-
X0l M3 3TOr0 MOYKHO 3aKJIIOUUThH, YTO He-
CMOTpS Ha aKTUBHOE UCCIIEIOBaHUE F€HETUYE-
ckux ocHoB PMJX, koTopoe akTUBHO MPOBO-
JUTCSI MHOTOYHCIICHHBIMU HAYYHBIMU KOJIJIEK-
TUBaMH, B T€UECHUU TOCIECIHUX JIECATUICTUH,
3HAYUTENIbHAs YacTh I€HETUYECKUX JEeTepMU-
HAaHT, BOBJICUEHHBIX B BOSHUKHOBEHHE 3a0071e-
BaHUs, 10 HACTOSLIET0 BPEMEHHU OCTAEeTCs He-
W3BECTHOM, YTO IUKTYET HEOOXOIUMOCTb MPO-
JOJDKEHUSI  T€HETHKO-3IUAEMHOIOrMYECKUX
ucciaenosauuii PMXK.

Cpenu «1oTeHIMABbHBIX) T€HOB-KaH 1~
natoB PMJK akTuBHO M3y4aroTcsi reHbl MaT-
PUKCHBIX MeTauionporeunas (MMP) [14, 15].
CBsI3b IPOTYKTOB 3KCIIPECCUH 3TUX I'€HOB (0]1-
HOMMEHHbIE O€JIKM) ¢ 3a00JI€BaHUEM B HACTO-
siliee BpeMsl He BbI3bIBaeT COMHEeHMH [16, 17].
3a cueT CcBOEW KOJUIareHa3HOW aKTHUBHOCTH,
CMOCOOHOCTH PAaCIIEIUIATh IPOANONTOTHYE-
cKkre (akTopbl, MOOUIIM3OBBIBATH/AKTUBUPO-
BaTh IPOAHTUOT€HHbIE (PaKTOPBI ((pakTOpbI po-
CTa), MOJIaBJISATh BEIPA0OOTKY HHTMOUTOPOB aH-
ruoreHe3a (aHrMOCTaTHH, dHA0cTaTUH) MMP
o0ecrieunBalOT JIerpajaliio  KOMIIOHEHTOB
CTPOMaJIbHON COEIUHUTENILHOW TKaHW MU Oa-
3anpHOM MeMOpansl MMP, uto umeer «kiito-
4eBOE» 3HAYCHME B IIPOLIECCAX AHTHMOTEHE3a,
WHBa3UM M METacTa3upoBaHUs omyxouu [16,
17].11oBbruennas sxcnpeccus MMP (MMP1,
MMP2, MMP9, np.) B ouare nopaxeHus UH-
OYLHUPYET pOCT OIyXOJIEBOM TKAHU, WHULMU-
pyeT ee WHBa3WI0 M MeTacTasupoBaHue |15,
18]. Umerotcst yoenuTenbHble JaHHbIE O CBSI3U
MMP ¢ BeDKHBaeMOCTBIO 00IbHBIX PMIK [16].

CBs3b (DyHKIIMOHAJIBHO 3HAYUMOTO TO-
numopduzma reHoB MMP (MMPI, MMP?2,
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MMP9, np.) ¢ puckom pazsutusi PMX ak-
TUBHO M3y4YaeTCsl pa3IU4YHbBIMU HAyYHBIMU
koyektuBamu [15, 19-31 u np.]. Ilpu >3TOoM
HECMOTpsSI HAa 3HAYUTEIbHBIA HAKOIUICHHBIN
(hakTUYECKUI MaTepuai Mo ATOW TeMme, Clie-
yeT KOHCTaTHpOBaTh, YTO 3TU JIaHHbIE He-
PEAKO HE COTJIaCyrOTCsl MEeXIy co0oil, B psne
CIIy4a€B OHHU IPOTUBOPEYMBBI, a MO OTAEIIb-
HBbIM JIOKycaMm (Hanpumep, 1s17577 MMPY,
rs1940475 MMPS8 u np. [30, 31]) — enuHAYHBI
u ¢parmenTapubl. Hampumep, 3Haunmas acco-
muarms rs1799750 reaa MMP1 ¢ PM2K o6Ha-
pyXeHa B nsATH paboTax, TOrAa Kak B JIECATH
HCCIEAOBAHUAX TAKOM CBSI3U BBISIBICHO HE
obuto [15, 19-22 u np.]. IlporuBopeunBbIe
naHHble 1o accouuanuu ¢ PMXK umerorcs B
nuTeparype s jgokyca rs3918242 MMPY: B
OIIHUX paboTtax moauMopdHsbIii Bapuant T ne-
MOHCTPHUPOBAJ «PUCKOBOE» 3HAYEHHE JJIS 3a-
6oneBanus [23, 24, 25], no pe3ynbratam apy-
I'UX HUCCIIEI0OBAaHUM 3TOT JIOKYC HE ObLI CBSA3aH
¢ 6onesnnio [19, 20, 21, 26, 27, 28] wim Ha060-
pOT reHernyeckuii Bapuant TT nposBisuI «3a-
i THBINY 3@ dekt st PMX [29]. Beimeyka-
3aHHbBIC JaHHBIE JUKTYIOT HEOO0XOAMMOCTh
MIPOJIOJKEHMS UCCIIEOBAHUMN 10 3TOM TEME C
LIEJIbIO0 YCTAHOBJICHUS «3HAYMMBIX» 111 PMIK
MNOJUMOP(HBIX JIOKycOB reHoB MMP B 0T-
JeJIbHBIX 3THO-TEPPUTOPUATBHBIX IPYyNIax U B
ToM unciie Poccuiickoit denepanumn.

Heabio 1aHHOI PadoTHI SBUIOCH U3Y-
YEHHE POJIM BHICOKOIIEHETPAHTHBIX MyTallui B
reHax BRCA1 u CHEK? B xapakTepe accolu-
anuii nonuMop¢u3Ma reHoB MaTPUKCHBIX Me-
TaJUIONPOTENHA3 C PAKOM MOJIOYHOM JKeJe3bl.

Martepnanbsl M MeTOAbI HCCJIEI0BA-
HMA. /{1 pemieHus nmocTtaBIeHHOW LENH uc-
clieioBaHusl ObUTM C(OPMHUPOBAHBI CIEAYIO-
e Tpu BeIOOpKuU: 26 601bHBIX PMIK, nmero-
II1€ BBICOKOIIEHETPAHTHBIE MyTallui B T€Hax
BRCAI (c.5266dup (5382insC), c¢.68 69del
(185delAG), 2080delA) u CHEK?2 (1157T)),
332 6onpHbIXx PMXK 6€3 repMuHaIbHBIX MyTa-
uit B reHax BRCAI (¢.5266dup (5382insC),
c.68 69del (185delAQG), 2080delA,
4153delA), BRCA2 (6174delT) m CHEK2
(I157T) u 746 KeHIIMH KOHTPOJIBLHOU TPYTIIIHI.
Crnenyer OoTMETUTh, U4TO cpeand 26 OOJIBHBIX
PMIK, umeromux BBICOKOIIEHETPAHTHBIE MY-
tanmu B reHax BRCAI w CHEK?2 (nons 3Toit

Ipynnbl MAallMeHTOB CpPeAu BCeX OOIbHBIX
PMIXK (n=358) paBHa 7,26 %), reHeTHYECKUI
BapuaHT ¢.5266dup (5382insC) BRCA 1 Bctpe-
yaicst 'y 22 namueHTtok (6,14 % cpenu Bcex
6onpHBIX PMOK, n=358), myTamus c.68 69del
(185delAG) BRCA1 6vbina BeisiBIeHa y 1 jkeH-
umHbl (0,28 %), mytanusa 2080delA BRCAI
nuarnoctupoBana y 1 manuentku (0,28 %) u
myTtauus [157T CHEK?2 yctaHoBiieHa y 2 K€H-
e (0,56 %). Ciaenyer oTMETUTh, YTO MyTa-
st B reHe BRCA2 (6174delT) He Obuia BhISB-
neHa cpeau OonpHBIX PMIK, mostomy mpu
OIMCAaHUU PE3YJIbTATOB PA0OTHI AJISl XapaKTe-
PUCTHKH paccMaTPUBAEMBIX T'PYII OOJIbHBIX
PMK mbI ucnionb3oBanyu TEPMUHBI «OOJIbHbBIE
PMIXK, umeromue/He uMeroe BHICOKOIIEHE-
TpaHTHble MyTauuu B TeHax BRCAI wu
CHEK2».

O6cnenoBanue 60nbHBIX PMOK 1 nocra-
HOBKa JMarfHo3a 3a0ojeBaHHs MPOBOAMIUCH
BpauaMH-OHKoJioraMH  benropoackoro  006-
JIACTHOT'O OHKOJIOTUYECKOTO JHCIaHcepa B Ie-
puoxn 2010-2016 rr. Bepudukanus nuarHosa
BBITIOJHSIACH MIPH MMaTOTUCTOIOTUYECKOM HC-
CIIEZIOBaHUHM O00pa3IOB OITyXOJIEBOW TKaHU
(Matepuan 111 MOP(OIOTHUECKOro HUCCIe0-
BaHMs ObLI MOJY4YEeH UHTpaoIepanuoHHo) [1].
dopmupoBaHUEe KOHTPOJILHOW TIpymmbl (63
KJIMHUKO-aHAMHECTUYECKUX IPU3HAKOB
PMX) npoBoamiiocs Ha 6a3e nepuHaTaIbHOTO
nentpa BOKB (B xone npod. ocmoTtpos). Bos-
pacTHble XapaKTePUCTUKU OOJbHBIX M KOH-
Tpoist ObUIM comocTaBuMbl. Bce OosbHbBIE
PM)XK ©n >KeHIIMHBI KOHTPOJIBHOM TIpYMIIbI
ObUIM PYCCKHUMH, MPOXHUBAIHU (POIUINCH) B
HentpansHom YepHnozembe Poccuu [30, 31] u
MOANUCATH UH()OPMHPOBAHHOE COTJIacCHE Ha
y4yacTHe B MCCIIeJOBaHUU (ITPOBEACHUE HCCIIe-
JIOBaHMsI OBLIIO COTJIACOBAHO C ATUYECKUM KO-
MHUTETOM MEIUIIMHCKOTo nHCTUTYyTa benl'Y).

I'enorunuposanue o6pasioB JHK (mo-
Jy4eHbI U3 BEHO3HOU KPOBH 00CIIEyeMBbIX Me-
TOAOM (EHOIBHO-XJTOPOPOPMHON IKCTPAK-
LUU) TPOBOAMUJIOCH Ha  aMIUTH(HUKaTOpe
¢upmbl  Bio-Rad (CFX96) wmeromom Tag-
Man3oH10B  (MCMONB30BaNach TEXHOJIOTHUS
real-time I11IP) [32] ¢ ucnons3oBaHueM pea-
T'eHTOB, pa3paboTaHHbIX Gupmoit «Tect-I'eny.
[Ipu npoBeeHNH SKCIIEPUMEHTAIbHBIX HCClle-
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JOBaHU OBLJIO BHITIOJHEHO Pe-reHOTUITUPOBa-
HUE yacT 00pa3ioB (<5%) ¢ UeIbI0 KOHTPOJISI
KayecTBa TeHoTunupoBanus [33], moarsep-
nusiee noyinyio (100%) Bocpou3BOAMMOCTb
pe3ynbTaroB. B paboTe u3yyanuch 1ecsaTh Mo-
TUMOP(HU3MOB TATH T'€HOB MATPUKCHBIX Me-
TaJUIONPOTEHHA3 U B TOM YHKCJIE HIECTh MOJH-
MopduzmoB reHaMMP9 (rs2250889, rs17576,
rs3787268, rs17577, rs3918249, rs3918242) u
mo oaHoMy mnosmMmopdusmy reHoB MMP]
(rs1799750), MMP2  (rs243865), @ MMP3
(rs679620) u MMPS (rs1940475). IIpu otGope
MOJTUMOP(PHU3MOB U MCCICIOBAHUS YUUTHI-
BAJINCh ONpeACIeHHbIE Kputepun [34]: ux
cBaA3b ¢ PMJK B paHee BBIIIOJIHEHHBIX UCCIIE-
JOBAHUSIX, PETYJIATOPHBIN MOTEHIHA (IS €TO
OIICHKH OBLI MpOBeJIeH in silico aHanmmu3 Mare-
puaigoB OwomH(popMaruueckoi 0a3pl Hap-
loReg [35]), uacToTa anbTepHATUBHOTO Bapu-
aHTa B €BPOIEUCKHUX MOMYJSAIUSIX HE MEHee
0,05.

Ces3p nmonumopdusma ¢ 3abosieBaHUEM
OLICHHMBAJIaCh HA OCHOBE PACCUMTAHHBIX METO-
JIOM PErpecCMOHHOTO aHaiu3a B MPOrpamMme
PLINK (Bepcus 1.07) mokasareneil oTHolie-
Hus maHcoB (OR) u ux 95% noBepUTENHLHOTO
untepsaina (95%C]) [36] c BkiroueHreM B aHa-
JU3 KOBapuaT- BO3pacTa M HMHJEKCA MaccChl
Tena (COOTBETCTBEHHO ObUH paccuuTanbl OR-
cov 1 95%Cleoy). st KOppeKIMM Ha MHOXe-
CTBEHHbIE CpaBHEHHsS B paboTe HCHOJIb30Ba-
JIUCh TIEpMyTallMOHHBIE ITpouenypsl [37]. Ilpu
3HA4EHUU MOKa3aTels Pperm<0,05 paznmums
CUMTAJIUCh CTAaTUCTUYECKU 3HAYMMbIMU [38].
Jlnis nokycoB reHoB MMP, cBsi3aHHBIX C 3a00-
JIEBAHUEM B PACCMATPUBAEMBIX MOATrPYMIIAX
OOJBHBIX (HAJIMYUE WM OTCYTCTBHE BBICOKO-
NIEHETPAaHTHBIX MyTauuid B reHax BRCAI n
CHEK?2) npoBefieH «JIeTalbHBIN» aHalu3 HUX
perynasTopHoro noreruuana [39] (ucnomb3o-
Bajach OHJIAH 0a3a SMUTCHETUYECKOW WH-
¢dopmanuu HaploReg [35], GTExportal [40] u
Npyrue JTuTepaTypHble MaTepHalibl MO 3TOH
Teme).

Pe3yabTarsl u ux 00cy:xaenne. [Ipose-
JIEHHOE HCCIIEZIOBAaHUE PACIpENEICHUs AECATU
MOMUMOP(HBIX JIOKycOB TreHoB MMP cpenu
6onpHBIX PMOK, MMeromux BEICOKONIEHETPaHT-
Hble MyTanuu B TeHax BRCAI n CHEK?2 u He

MMEIOIIMUX JaHHbIE MYTAaIlUH, a TaKkKe B KOH-
TPOJIBHOM TpyIIE HE BBISBUIO JTOCTOBEPHBIX
OTIM4uil B HaOII01aeMOM pacIipe/ieieHuu Te-
HOTHUIIOB I10 JIaHHBIM JIOKyCaM B CPaBHEHUU C
OKU/IaEMBIM pacIpe/ie]ICeHHeM TpU BBINOJIHE-
HUU 3akoHa Xapau-BaitnOepra (B pabote BBO-
JIUJIaCch TIOIPaBKa Ha MHOXECTBEHHbBIE CpaBHE-
Hus (TTonpaBka boHpeppoHH) B COOTBETCTBUH C
KOJIMYECTBOM M3Y4YaeMbIX JIOKYCOB paBHas 10-
Poont>0,005 (0,05/10)) (Tabmmma 1).

JlanHblie TaOIUIIBI 2 CBUIECTEIBCTBYIOT O
CYILIECTBEHHBIX Pa3IMUYUAX B XapaKTepe acco-
[UAIUU TOTUMOPQHBIX JIOKycOB reHoB MMP
y OompHBIX PMJK, mMMerommx BBICOKOTICHE-
TpaHTHbIe MyTaluu B reHax BRCAI u CHEK?2
B oTinuue oT 6onpHBIX PMIK, He umeromux
naHHble MyTanuu. Tak, cpeau 601apHbIX PMOK
C BBICOKOIICHETPAHTHBIMHU MYTAIIUSIMH B T€HAX
BRCAI n CHEK? c 3a005eBaHHEM aCCOIUH-
poBan nonumMop®HsbIi okyc rs1940475 rena
MMPS8, npuyem amienbHblid BapuanT T 3Toro
JIOKyCa COTJIaCHO PEIECCUBHOM T'eHeTHYeCKOn
mozenu (TT vs CT u CC) umeer npoTeKTUB-
HOE 3HA4YeHHE [UIsl Pa3BUTUS MATOJOTUH
(ORcov=0,11 95%Cleov 0,01-0,81 peov=0,03
Pperm=0,03). Toraa kak cpeau 6onbabBIX PMIK,
HE UMEIOIINX BHICOKOTIEHETPAHTHBIX MYTaIlHil
BreHaXx BRCAI nw CHEK?2, c 3a0oieBaHUEM ac-
COLIMMPOBAaHbBl TPU MOIUMOpPPHU3Ma TIeHa
MMPY: 1s17576, rs3787268 1 152250889 (Tad-
nuna 2).Cnenyer OTMETHTh, YTO MHHOPHBIE
ayenbHble BapuaHThl G 1517576 u 152250889
MPOSBIISIOT «3ALIUTHBIID 3QGEeKT npu pa3Bu-
TUU TATOJIOTMU COTJIACHO aJUIeJbHOW (IS
1s17576: G vs A, OR¢0v=0,81 95%Clcov 0,66-
0,98 pcov=0,03 pperm=0,03), anaUTHUBHOI U J10-
MuHaHTHOU (17151 152250889: GG vs CG vs CC,
ORcov=0,66 95%Clcov  0,45-0,96  peov=0,03
Pperm=0,03 1 GG u CG vs CC, ORc0v=0,61
95%Clcov 0,40-0,94 pcov=0,03 pperm=0,03 cooT-
BETCTBEHHO) TE€HETHMYECKUM MojesaM (Tal-
muna 2). Hapsigy ¢ 5TUM MUHOPHBIN aljielnb-
HbIA BapuaHT A rs3787268 B pamkax periec-
CUBHOW T€HETUYECKOW Mofenu sBisercs (ax-
TOpoM pucka pa3zsutus PMIK y xeHmmH, HE
MMEIOIUX BBICOKOMIEHETPAHTHBIX MYTaIluil B
reHax BRCAI u CHEK?2 (GG vs CG u CC OR-
cov=2,03  95%Cleov  1,05-3,95  peov=0,04
Pperm=0,04) (Tabnuna 2).
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Tabnuya 1

YacToThl MUHOPHBIX aJlIes1el OJIUMOP(HBIX T0KYCOB reHoB MMP u 1aHHbIe
0 COOTBETCTBUM HMX pacrpeneieHusi 3akoHy Xapau-BaiinOepra B usy4yaembIX rpynmax
skeHIIUH ¢ PM7K, uMeomux 1 He HMEOIINX BbICOKONIEHETPAHTHBIE MyTalliH
B reHax BRCAI v CHEK? v B KOHTPOJILHOM rpynime

Table 1

Frequencies of minor alleles of polymorphic loci of the MMP genes and data on the compli-
ance of their distribution with the Hardy-Weinberg law in the studied groups of women with
breast cancer with and without high-penetrance mutations in the BRCAI and CHEK? genes
and in the control group

HN3yyaemble rpynnsl
Boabusie PMIK, umero- B(::(:)Hbf Pl\glfc’oﬂi_
HMoaumopduzm (dbSNP), ren I1e BHICOKOIIEHe- :é: a:::[bs:);l Ta H“ﬁ KonrtposbHas
(rs mosmmmMop¢u3Ma, MUHOPHBIN ajLlelIb) | TPAHTHbIE MYTAllUH B Bpreﬂax BR Cil 7 :; rpynmna
renax BRCAI n CHEK? CHEK? (n=746)
(n=26) (n=332)
0,442 0,471 0,464
-1 2G>1G MMP] (rsl 2 ’ ’ ’
c.-1607 2G>1G (rs1799750, 2G) (Piwe=0.69) (Piwi=0,91) (Piwe=0,07)
0,240 0,235 0,249
-1 >T MMP?2 (rs24 T ’ ? ’
c--1306 C (rs243865, T) (Puwe=0,28) (Prwe=0,88) (Piwe=0,20)
0,440 0,476 0,499
133 T>C MMP. 20, T ’ ’ ’
c.133 T>C 3 (rs679620, T) (Piwe=0,69) (Puwe=0,74) (Piwe=0,56)
0,404 0,488 0,489
259 T>C MMPS (rs1940475, T ’ ’ :
¢.259 T>C MMP8 (rs1940475, T) (Prwe=0,02) (Prwe=0,51) (Prwe=0,02)
0,135 0,172 0,167
-1562 C>T MMP 18242, T ’ ’ ’
c-1562 C 9 (rs3918242, T) (Puwe=0,37) (Puwe=0,12) (Puwe=0,57)
0,340 0,361 0,389
¢.139-369 T>C MMP9 (153918249, C) (Puanc 66) (Puanac0.09) i 82)
¢.836 A>G MMP9 (1517576, G) (PH3;3f15, 00) (PH\%S j(i 7 (PH\?«’:& )
c.1331-163 G>A MMP9 (rs3787268, A) (PH\(Z/fjll,OO) (PH\(})\/’EZj,(i 16) (PH\(z/f:l(i 39)
c. 1721 G>C MMP9 (rs2250889, G) (PH\(Z/;;O=211,00) (PH\?/’EOE(;S, 27) (PH\(z/;l=()()9, 02)
¢.2003 G>A MMP9 (1517577, A) (PHg; 1=713 00) (PH\?«’E lf(i ) (PH\?«; 127(?, %)
OOHapy>KeHbl AaCCOIMAIMU TalIOTHUIIOB rs17576  (ORcv=2,49 p=0,007), CCAG

rs3918242-rs3918249-rs17576-rs3787268

IeCTH TOJIMMOP(HBIX JOKycoB TeHa MMPY
(pacmonoxensl Ha 20 XpOMOCOME Ha paccTosi-
Huu ~7 kb, yyactok renoma (hg38) 46007337 —
46014472) c PMX TonbKO Cpeau KEHIIUH, HE
MMEIOIINX BBICOKONIEHETPAHTHBIX MYTAllMi B
reHax BRCA1 u CHEK?2. B 310l rpy1ie xeH-
muH acconuupoBanbl ¢ PMOK neBsTe paznuy-
HBIX TaIlUIOTUIIOB, B COCTaB KOTOPBIX BXOMST
BCe IIecTh M3yueHHBIX B pabore SNPs rena
MMP9. Yetblpe U3 3TUX JEBATH T'AILUIOTUIIOB
MOBBIIIAIOT PUCK BO3HUKHOBEHUSI MATOJIOTHH:
CA r$3918249-rs17576 (ORcov=2,03
p=0,013), CCA  1s3918242-rs3918249-

(ORcv=3,78 p=0,004), CAGCG 1rs3918249-
rs17576-rs3787268-rs2250889-rs17577
(ORcv=3,01 p=0,008). IlsaTh ramiaoTUoB ac-
COLIMMPOBAHBI C HU3KUM PUCKOM Pa3BUTHS 3a-
OoJieBaHUS: GG rs17576-rs3787268
(ORcv=0,63 p=0,004), GG 1s3787268-
rs2250889 (OR¢v=0,58 p=0,015), GGC
rs17576-rs3787268-rs2250889  ORc¢ov=0,65
p=0,009), CGG rs3918249-rs17576-
rs3787268 (ORcov=0,64 p=0,007), CGGC
1s3918249-rs17576-rs3787268-rs2250889
ORcov=0,64 p=0,009).
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Tabnuya 2
JlaHHbIE IO acCOUMALHUAM MOJUMOP(PHBIX BAPUAHTOB reHoB MMP ¢ pakoM MOJIOYHOI Kejie3bl B IPyNnax 00JbHbIX B 3aBUCUMOCTH
OT HAJIMYMSI/OTCYTCTBHSI BLICOKONIEHETPAHTHBIX MyTauuii B reHax BRCAI u CHEK?
Table?2
Data on associations of polymorphic variants of the MMP genes with breast cancer in groups of patients depending on the presence/absence

of highly penetrant mutations in the BRCAI and CHEK? genes

Tosmvopdusm (dbSNP), ren AJ'[.]'IeJ'IbOHaH MoJeNb AIlIlI/ITI/IBOHaH Moj1eJb )IOMI/IHal:)THaﬂ MoJ1eJb Peueccm;naﬂ MoJ1eb

(rs noiMMopgu3Ma, MHUHOPHBII aJLIeh) N lor 95% Cleoy Pcov [OR 95% Cleoy Pov |OR 95% Cleoy Peov |OR 95% Cleox P
P ’ P ' L95co [ U95cov | |7 L95coy | U9Beov | ~ ™ |~ " LIScov | U95cov | ~ " |7 [ L95cov | U9Beov | ~

B rpyriie OOJBHBIX, UIMEIONINX BHICOKOIICHETPaHTHBIC MyTannu B reHax BRCAI u CHEK?
¢.-1607 2G>1G MMPI (rs1799750, 2G) 749 10,92 | 0,52 1,60 | 0,76 | 0,89 | 0,52 1,53 | 0,68 | 1,15 | 0,47 2,77 10,76 | 0,57 | 0,19 1,68 | 0,31
c.-1306 C>T MMP2 (rs243865, T) 757 10,95 | 0,49 1,84 10,88 0,96 | 0,50 1,84 1091 |1,26 | 0,57 | 2,80 | 0,57 ] 0,01 | 0,00 inf | 1,00
c.133 T>C MMP3 (rs679620, T) 764 | 0,79 | 045 1,39 1041 0,81 | 0,46 1,43 | 0,47 10,93 | 0,38 2,28 10,88 0,57 | 0,19 1,68 | 0,30
¢.259 T>C MMPS (rs1940475, T) 767 1 0,71 | 0,40 1,24 10,23 10,73 | 0,42 1,25 10,25 | 1,36 | 0,54 | 3,44 | 0,52 ] 0,11 | 0,01 0,81 | 0,03
c.-1562 C>T MMPY (1rs3918242, T) 761 | 0,78 | 0,35 1,75 10,54 10,74 | 0,33 1,69 | 0,48 | 0,64 | 0,25 1,61 1034 | 1,68 | 0,21 | 13,19 | 0,62
c.139-369 T>C MMP9 (153918249, C) 760 | 0,81 | 045 1,47 1048 10,78 | 0,43 1,43 |1 0,42 | 0,86 | 0,38 1,95 10,71 | 0,47 | 0,11 2,02 10,31
c.836 A>G MMP9 (rs17576, G) 769 1 0,98 | 0,56 1,73 10,95 0,95 | 0,54 1,67 10,86 094 | 042 | 2,10 |0,87]0,94 | 0,32 2,78 10,91
c.1331-163 G>A MMP9 (rs3787268, A) 765 11,09 057 | 2,11 | 0,79 | 1,10 | 0,57 | 2,15 | 0,77 | 1,17 | 0,53 2,58 10,70 | 0,91 | 0,12 6,95 10,92
c. 1721 G>C MMP9 (rs2250889, G) 759 10,17 | 0,02 1,26 | 0,05 ] 0,20 | 0,03 1,42 [ 0,11]0,19 | 0,02 1,39 10,10 | 0,01 | 0,00 inf | 1,00
c.2003 G>A MMP9 (rs17577, A) 752 11,02] 049 | 2,12 096|098 | 046 | 2,08 1096|092 039 | 2,15 0,84 ] 1,59] 0,20 | 12,42 | 0,66
B rpymiie OOJBHBIX, HE MMEIOIINX BEICOKOIICHETPAHTHRIX MyTalmu B reHax BRCAI u CHEK?

c.-1607 2G>1G MMPI (rs1799750, 2G) 1040 | 1,03 | 0,85 1,24 10,77 | 1,09 | 0,88 1,35 1045] 1,30 | 0,91 1,84 0,151 0,95 | 0,65 1,38 | 0,77
c.-1306 C>T MMP2 (rs243865, T) 1046 | 0,93 | 0,75 1,15 1049 0,85 | 0,66 1,11 [10,24]0,91 | 0,67 1,26 | 0,58 | 0,48 | 0,22 1,06 | 0,07
c.133 T>C MMP3 (rs679620, T) 10591 091 | 0,76 1,10 10,33 ]0,85| 0,68 1,06 |0,15]0,84 | 0,59 1,19 10,33 ]0,77 | 0,53 L,11 ] 0,16
¢.259 T>C MMPS (rs1940475, T) 10591 0,99 | 0,83 1,20 |1 0,95 | 1,07 | 0,86 1,32 10,56 10,99 | 0,70 1,40 | 0,96 | 1,20 | 0,85 1,71 ] 0,30
c.-1562 C>T MMPY (rs3918242, T) 1052 ] 1,04 | 0,81 1,33 10,75 ] 1,04 | 0,78 1,38 [ 0,81 ] 1,01 | 0,72 1,41 10,98 | 1,33 | 0,56 3,14 10,52
¢.139-369 T>C MMP9 (153918249, C) 10471 0,89 | 0,73 1,07 10,21 ] 0,96 | 0,76 1,20 10,69 | 0,91 | 0,66 1,25 10,56 | 1,01 | 0,65 1,54 | 0,98
c.836 A>G MMPY (rs17576, G) 10581081 | 0,66 | 0,98 | 0,03 0,82 | 0,65 1,03 | 0,09 0,81 | 0,59 1,10 | 0,18 1 0,70 | 0,44 1,11 |0,13
c.1331-163 G>A MMP9 (rs3787268, A) 1052 1,11 | 0,89 1,38 10,36 | 1,18 | 0,90 1,53 10,23 11,09 ] 0,79 1,50 | 0,60 | 2,03 | 1,05 3,95 | 0,04
c. 1721 G>C MMP9 (rs2250889, G) 10551 0,75 | 0,55 1,03 | 0,08 | 0,66 | 0,45 0,96 | 0,03 ]0,61 | 040 | 094 | 0,03 | 0,62 | 0,17 2,26 | 047
c.2003 G>A MMP9 (rs17577, A) 10421 0,97 | 0,75 1,24 10,78 1 0,95 | 0,71 1,27 10,72 10,94 | 0,67 1,32 10,72 10,94 | 0,39 2,26 | 0,89

IMpumeuanue: ORcoy — oTHOMmEHUE mAHCOB, 95%O0Rcoy — HOBepHUTENBHBIH HHTEpBAN OTHOIMIEHUS MAHCOB (L95.0y — HKkHMI npenen n U95.,, — BepXHHI Npeen TOBEPUTEIHHOTO
uHTepBana), inf — He onpexnensercs, P — ypoBeHb 3HAYMMOCTH, )KUPHBIM BBIICIEHBI CTATHCTHYECKH 3HAUYMMBbIE ITOKA3aTEIM C yUYETOM Pe3yJIbTaTOB IIPOBEICHHOTO aIallTUBHOTO I1ep-
MYTallMOHHOTO TECTa.

Note: ORcoy —0dds ratio, 95%OR..v — confidence interval of the odds ratio (L95.,v — lower limit and U95.,v — upper limit of the confidence interval), inf — not determined, P —significance
level, statistically significant indicators are highlighted in bold, taking into account the results of the adaptive permutation test.
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Bce BhllIeyka3aHHbIe TaHHBIE MTOATBEP-
KICHBI MepMyTaIllMOHHBIM TECTOM
(Pperm<0,05). B rpymnme 6ompubix PMXK C BBI-
COKOIIEHETPAHTHBIMH MYTallUsIMU B TeHax
BRCAI w CHEK? noctoBepHBIX accoluanui
ramotunoB SNPs rena MMP9 c 3aboneBa-
HUEM He BBIABIEHO (Pperm>0,05).

[IpoBeneHHBIN CpaBHUTEIBHBINA aHAIU3
pacnpezesieHus ajiesiell U TeHOTUIIOB U3y4dae-
MBIX IMOJTUMOP(HBIX BapUaHTOB reHOB MMP B
IBYX TpymIax OOJIbHBIX — UMEIOLIUX/HE nUMe-
IOIIUX BBICOKOTICHETPAHTHBIE MYyTalluu B Te-
Hax BRCAI u CHEK?2, noka3an JOCTOBEpHBIE
pasnuuus B PacnpoOCTPAHEHHOCTH TIEHOTHUIIA
TT rs1940475 rena MMPS (peueccuBHas re-
Hetnueckast Mmozienb, TT vs CT u CC): nanub1it
TeHeTUYECKUI BapraHT cpennbonbHbix PMIK,
HE UMEIOIINX BBICOKOIIEHETPAHTHBIE MyTaIllH

reHax BRCAIl v CHEK?2, Bctpedaetcst B 5,93
pasa yamie 4em Cpeliyd MalHUeHTOK Y KOTOPBIX
3aperucTpupoBaHbl JaHHble MyTauuu (22,80%
u 3,84%  COOTBETCTBEHHO,  Pcov=0,04
Pperm=0,04) (Tabnuma 3). Tak ke, cineayer or-
METUTh, YTO JAHHbIA T€HETUYECKUN BAPUAHT
(rernotun TT rs1940475 MMPS8) B KOHTPOIIb-
HOM IpyIIIe BCTpeyaercs ¢ yacTotou 26,18% u
3TOT IOKa3aTellb JIOCTOBEPHO HE OTIMYAETCS
OT aHaJOTUYHOTO TOKa3aTeiass y OOJbHBIX
PMX, He wumerommx BBICOKONIEHETPAHTHBIE
myTanuu B renax BRCAI u CHEK? (22,80%,
p>0,05), HO TIpH 3TOM OH B 6,81 paza npeBbI-
IaeT JaHHBIM apaMeTp B CPaBHEHUU ¢ OO0JTb-
HbiMH PMOK, nMeromuymMu BBICOKOIIEHETPAHT-
Hble MyTtanuu B TeHax BRCAI w CHEK2
(3,84%, pperm<0,05) (Tabnuia 2).

Tabnuya 3

Pe3yabTaThl CPABHUTEIBHOI0 AHAIN3A YACTOT ajljieied M TeHOTUIIOB NMOJMMOP(HBIX
JIOKYCOB reHoB MMP mexay rpynnaMu s;keHmmH ¢ PMOK, nMeonux 1 He HMeEKOIIHNX
BbICOKOINIEHEeTPAHTHbIe MyTanuM B reHax BRCAI n CHEK?

Table 3

The results of a comparative analysis of the frequencies of alleles and genotypes of polymor-
phic loci of the MMP genes between groups of women with breast cancer with and without
high-penetrance mutations in the BRCAI and CHEK? genes

HMonumopduszm (dbSNP), ren PaccMoTpeHHBIE TeHeTHYECKHE MOJIeJTH
(rs moaumMoppu3Ma, MUHOPHBIN ajJielb) ajjieJibHAasl | aJJIUTHBHAsI | JOMMHAHTHAs | peleccCUBHAs

c.-1607 2G>1G MMP1 (151799750, 2G) 0,69 0,48 0,86 0,33
c.-1306 C>T MMP2 (rs243865, T) 0,94 0,83 0,80 1,00
c.133 T>C MMP3 (rs679620, T) 0,62 0,88 0,71 0,87
c.259 T>C MMPS (rs1940475, T) 0,24 0,20 0,82 0,04
c.-1562 C>T MMP9 (rs3918242, T) 0,49 0,36 0,35 0,67
¢.139-369 T>C MMP9 (1rs3918249, C) 0,77 0,71 0,88 0,35
c.836 A>G MMP9 (1517576, G) 0,50 0,65 0,57 0,92
c.1331-163 G>A MMP9 (1rs3787268, A) 0,97 0,86 0,71 0,73
c. 1721 G>C MMP9 (rs2250889, G) 0,12 0,12 0,12 1,00
¢.2003 G>A MMP9 (rs17577, A) 0,88 0,94 0,98 0,78

IIpumeyaHue: npyUBeIEHBI I0KA3aTEIU YPOBHS 3HAUUMOCTH Pa3INuUil P, dKUPHBIM BbIJCJICHbl CTATUCTUYECKH 3HAUYUMBIE
MOKA3aTely C yIeTOM a/IalITHBHOTO MePMYTAIHOHHOTO TECTA.
Note: indicators of the level of significance of differences p are given, statistically significant indicators are highlighted

in bold, taking into account the adaptive permutation test.

Taxum 00pa3zom, MOXKHO 3aKIHOYHUTh, YTO
CYIIIECTBEHHO O0Jiee HU3Kas 4acTOTa TeHOTUITA
TT rs1940475 MMPS (npaktuuecku B 6-7 pa3)
SIBISIETCSL  «CIIENU(PHIECKOi» XapaKTepuCTH-
koi 60nmpHBIX PMIK y KOTOpBIX 3aperucTpupo-
BaHbI BHICOKONIEHETPAHTHBIE MyTallUX B T€HAX
BRCAI n CHEK?2, otnu4aromas uX Kak OT Ma-
ureHTok ¢ PMOK, He MMEIoIuX 3TUX MyTaluii,
TaK W OT HWHJAMBUIYYMOB KOHTPOJBHON

rpynnsl. Hapsiny ¢ 3TuM, MOKHO KOHCTaTUpPO-
BaTh (akKT TOTO, YTO MOJIUMOPHU3M TEeHA
MMPY, xak camocTosTenbHO (1517576,
rs2250889 u rs3787268), Tak U B cocTaBe Je-
BATH pa3IM4YHBIX TamwioTHNnoB (rsl17576,
rs17577, 1s3918249, rs3918242, rs2250889,
rs3787268) ompenensieT TMOJIBEPKEHHOCTh
PMX y >xeHIIMH, HE UMEIOINX BBICOKOIIEHE-
TpaHTHbIe MyTaluu B reHax BRCAI u CHEK?2
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U HE CBSI3aH C PUCKOM pa3BUTHUs 3a00JIeBaHUS
y JKEHIIMH, Y KOTOPBIX JHArHO3LHUPOBAaHbI
JAaHHBIE MYTallUH.

Nwmeromuecss nuTepaTypHble JaHHBIE O
cBs3u monumopdusma 1s1940475 MMPS c
PMXX manouwnciieHHbIE U HEOJHO3Ha4YHbIE. B
JOCTYITHOW HaM JIUTEpaType HUMeEETCs JIUIIb
4eThIpe paboThl 10 3TOMY Borpocy [41-44].

B uccnenoBanuu, nposenenHoM Decock
et al. [41] na BeIOOpKe u3 140 eBponeickux ma-
uuentok ¢ PMXK (benbrus), ycraHoBieHa
cBs3b 151940475 MMPS ¢ pa3BuTHEM MeTa-
cTazoB y OosbHBIX PMJXK — mpoTEeKTHBHBIM
(hakToOpoM MeTacTa3MpOBaHUS SBISCTCS all-
nenbHbiil Bapuant T (OR=0,60, p=0,03), uro
COTJIaCyeTCsl C HAIIMMU JAHHBIMU O «3aIIUT-
HOM» posn renoruna TT rs1940475 MMPS
npu popmupoBanuu PMXK cpeau xeHIuH eB-
pornerckol yactu Poccrn, MMEIOIKX BBICOKO-
MEHEeTpaHTHble MyTaluu B reHax BRCAI u
CHEK?.

Wang et al. [42] Ha BwIOOpKE U3 571
6onpHBIX PMOK 1 578 KOHTpOJsS M3 ATHUYE-
CKOM rpynnbel Han KWTaiCKOW MOIYJISALIMH, C
OJTHOW CTOPOHBI, HE BBIIBHII «TJIABHOTO» (-
dexra 151940475 MMPS npu hopMupoOBaHUH
3aboneBanus (p>0,05), ¢ Apyroil cTOpoHsI, MO-
Ka3aJI1 3HaUMMbI€ aCCOLMAIINU ATOTO MOJIUMOP-
¢u3ma c PMXK B cocrase ramnoruna “AGTCA”,
BKJTFOYAIOLIETO nosuMopgHbIE JIOKYCBI
rs3740938, 152012390, rs1940475, rs11225394,
u 1511225395 rena MMPS (OR=1,23; 95%
CI=1,00-1,51; P=0,048). Crnienyer OTMETHUTH,
YTO B COCTaBE JIAHHOIO TaljioTUNa aJuleIbHbBIN
BapuaHt T rs1940475 MMPS ssnsiercst pakro-
POM pHiCKa pa3BUTHs 3a00JIeBaHUS B KUTAMCKON
nonyysAuuu [42], Toraa Kak COIJIAaCHO HAalluxX
nmagubelx regotun 1T rs1940475 MMPS umeer
MPOTEKTUBHOE 3HA4YeHHE TPU (POPMUPOBAHUU
MATOJIOTUU CPEJIU KEHILUH €BPONEUCKON YacTh
Poccun, nMeronmx BBICOKONICHETPAHTHBIE MY-
Tanmu B renax BRCAI u CHEK?2. Baxuo non-
YEPKHYTh, YTO Y KEHIIUH €BPOIEUCKON YacTH
Poccun, y KOTOpBIX OTCYTCTBYIOT BBICOKOTICHE-
TpaHTHble MyTanmu B reHax BRCAI n CHEK?
(momaBmsttoriee OOMBIIMHCTBO OONMBHBIX PMOK,

92,74%) Tak e Kak u B uccienoBannuu Wang et
al. [42] B xuraiickor momymsiuu 151940475
MMPS8 ne accouuupoBan ¢ PMXK. B n1Byx uc-
CIICIOBAHUAX, BBINOJHEHHBIX B EBPONEHCKUX
MOMYJISILMAX, 3HAUMMBIX accouuanuii rs1940475
MMPS8 ¢ PMX BoisiBiaeHo He Obuto [43, 44].
Cnenyer OTMETUTb, YTO B JIUTEPATYPE UMEIOTCS
naHHble O cBs3u 151940475 MMPS ¢ npyrumu
(bopMamMy OHKOIATOJIOTUHU (PaK MOYEBOTO ITy-
3BIpSL, JKEIyKa u ap.) [45].

CornacHO UTEpaTypHBIM MarepuajiaM U
0a3bl JaHHBIX 110 snureHerrke HaploReg mosmu-
Mop¢usm rena MMPS v B Tom umnciie rs1940475
UMEET BaKHOE (YHKLUMOHAILHOE 3HAYCHHUE B
opranuzme [45, 46]: 1s1940475 naxoaurcs B 3K-
30He reHa MMPS u saBnsieTcss MHUCCEHC-MyTa-
LUEH, OIpenesnssi aMHHOKHCIOTHYIO 3aMeHy
Lys87Glu B cooTBeTCTBYIOIIEM HOJUMIENTHIE
(p.K87E), pacnionoxeH B (pyHKIIMOHATBHO aK-
THUBHOM PErMOHE r'eHOMa (TaK Ha3bIBaeMbIi «OT-
PBITBII» XPOMAaTHH), BBINOJIHAIOIIEM pEryJs-
TOPHYIO (PYHKIMIO (3HXAHCEp) B Ppa3IUYHBIX
KyJbTypax KIICTOK (Monocytes-CD14+
ROO01746 primary cells u ap.) u Tkausx (KpoBb
(primary neutrophils from peripheral blood,
primary monocytes from peripheral blood,
primary mononuclear cells from peripheral
blood u np.) 1 p.) ¥ B TOM YMCIIEB OpraHe-Mu-
nieHe npu PMOK- nepBUYHBIX KIIETKaX SIUTENNSA
MmosouHoi xene3sl (HMEC mammary epithelial
primary cells), BXOAUT B cocTaB CaliTOB CBSI3bI-
Banus JIHK ¢ Tpems daxTopamu Tpankcpunumu
(CIZ,Myc,NF-AT1). Ilpuuem, annenbHblil Ba-
puanT T, UMerOmMi MPOTEKTUBHOE 3HAYCHHE
1 PMOK y JKEHIIIMH ¢ BBICOKOIIEHETPAHTHBIMU
mytaiusimMu B reHax BRCAI w CHEK?2 (B co-
craBe reHorumna TT), cBi3aH ¢ Oojee BBICOKOM
aduHHOCTBIO perynstopHoro motuBa JIHK
¢axropam Tpanckpurnimu CIZ u Myc, u 6onee
HU3KOM €ro 4yBCTBUTEIBHOCTBIO K TPAHCKPHII-
uuoHHoMy Gaxtopy NF-ATI1. INomumopdusm
151940475 MMPS8 accouuupoBaH C YpPOBHEM
sKkcnipeccun reHa MMP27 B nepudepudeckoin
KpPOBH, JKMPOBOW M MBIIIEYHON TKaHSIX,I'€Ha
RPI11-817J15.3 B nepudepudeckoil KpoBH U
neuvenu (nanubie [40]) (pucyHOK).
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Puc. Accouunanuu renotunos 151940475 MMPS ¢ ypoBHeM akcnipeccuut rena MMP27
B niepudeprudeckoit kpou (A) mxupoBoit Tkanu (B) u rena RP11-817J15.3 B nepudepuueckoit
kpoBH (C) u neuenu (D) (http://www.gtexportal.org/)
Fig. Associations of the rs1940475 MMP8 genotypes with the expression level of the MMP27 gene
in peripheral blood (A) and adipose tissue (B) and the RP11-817J15.3 gene in peripheral blood (C)
and liver (D) (http://www.gtexportal.org/)

NmeroTcs auTeparypHble TaHHbBIE O 3HA-
yuMoi poiu B ¢popmupoBanuu PMX cunbho
cuerieHHoro ¢ rs1940475 MMPS nonumopd-
Horo nokyca 1511225395 (1?=0,84 D' =1,00)
[41, 42]. JlaHHBIE O 3HAYUMBIX ACCOITHAITUSIX
rs11225395 MMPS8 ¢ PMX u natoreneruye-

cku 3HaunMbIMu a1 PMOK napamerpamu no-
Jy9eHBI KaK JIJIsl €BPOIEUCKOM (MeTacTa3upo-
Banne npu PMIXK, nacenenme benmbrum) [41]
Tak U JUIs a3uarckoi (puck PMIXK, stHndeckas
rpymnmna Han Kuras; craqun PMX n BepkHBa-
€MOCTh OOJIbHBIX, IIIaHXalCKas BBIOOpPKA C
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PMX) nomynsuuii [41, 42]. DxcnepumeH-
TaJbHbIE HCCIENOBaHUS YOEAUTEIHHO IOKa-
3anu, uro momuMmopdusm rs11225395, pacmo-
JIOKEHHBIW B peruoHe npomotopa rena MMPS
Ha pacctosHuU 799 bp oT caliTa WHUIIUAITUN
TPAHCKPUIILINH, CBSI3aH C 1,8-KpaTHBIM MOBbI-
IEHUEM aKTUBHOCTH nmpoMoTopa B MDA-MB-
231 kyeTkax paka MOJIOYHOM >KEIe3bl INpHU
HaJIMYUU aJlJIeJIbHOTO BapuaHta T B cpaBHe-
HUM C ajuiesnbHbIM BapuanTom C [41]. B nans-
HEHIIMX SKCIEPUMEHTaX YCTAHOBJIEHO, YTO
nocnenoBarensHocTh JAHK mpu Hamuuum an-
nenss T B pernone rs11225395 Bzaumopei-
CTBYET C siiepHbIMH Oenkamu B MDA-MB-231
KJIETKaxX paka MOJIOYHOM JKene3bl, TOrJa Kak
npu Haanuuu anens C rs11225395 sto ITHK-
OenKoBOE B3amMoJIeiicTBUE HE ObLTO OOHApY-
xeHo [41]. Pe3ynbrarbl 3THUX 3KCHEpPUMEH-
TaJbHBIX UCCIIEOBAHNM JIE)KAT B OCHOBE IIPEI-
MOJIOKEeHHU 00 MHTrUOHpyIoueM IeiCTBUH
MMPS8 Ha mporiecchl MeTacTa3upOBaHUs paka
MOJIOYHOM kene3nl [41, 45].

MMP-8 Takke M3BECTHas Kak HEHUTpO-
¢wIbHas KoJJIareHasa Wid KoJjlareHasa-2 siB-
JieTCs AHAO0NENTH1a30M (OTHOCUTCS K MOJice-
MEHCTBY KOJUIareHas3), KOTopas OTBEYaeT 3a
TUJIPOJIUTHYECKOE pacIleNJICHUE 3HAYUTENIbHO
yruciaa (GUOPWIIAPHBIX M HeQUOPMILIAPHBIX
KOJIJIaTeHOB (Ba)KHEWIIINE KOMIIOHEHTHI BHE-
KJeToyHoro marpukca) [41, 45]. Cuuraercs,
yro MMP8 nposiBisieT HEKOTOpbIE MPOTHUBO-
ommyxoJieBble 3(PPEKTHI 32 CUET pacierIeHus
cybctpata Ddpun-Bl — mpunamiexur k ce-
MeicTBY OenkoB 3(hprHA, KOTOpPBIE MEPENAI0T
CHTHAJBI, CBSI3aHHBIE C KIIETOYHOM ajare3meil u
anruorenesoM [45]. JlpyruM MexaHU3MOM
poTuBooIyxonesoro aeiicteuss MMP8 mo-
KeT ObITh BBI3BAHHOE JIAHHOW METAJJIONpPOTeE-
uHazoit ycunenue sxcnpeccuto TGF-B1 Benen-
crBue aktuBanmu PI3K/Akt/Racl-mytu [45].
Hapsiny ¢ atuM, cinegyer OTMETUTh, HEOJHO-
3HAYHOCTh HMMEIOIIUXCS K HACTOSALIEMY MO-
MEHTY BPEMEHHU (PaKTUUECKHUX TaHHBIX O CBSI3U
ypoBHs MMPS8 u PMX [45].

B Hacrosmieit pabote nmokaszaHo, 4To Io-
mumopdusm rena MMP9Y, kak caMocCTOs-
TenbHO (1517576, 152250889 n 1s3787268), Tak
U B COCTaBE JICBATU PA3IMYHBIX TallJIOTUIIOB

(rs17576, 1s17577, 1s3918249, 1rs3918242,
rs2250889, rs3787268) omnpenensier moasep-
»keHHOCTh PMK y JKeHIIIMH, HE UMEIOLINX BbI-
COKOIICHETpaHTHbIE MyTalluu B reHax BRCAI
n CHEK2. Ilpu 3toM MuHOpHble amienu G
1517576 (ORcov=0,81 pperm=0,03) u rs2250889
(ORcov=0,61-0,66 pperm=0,03) umeror npoTex-
TUBHOE 3HadyeHue 11 PMOK, a anprepHaTuB-
Held  BapuaHT A 153787268 (ORcov=2,03
Pperm=0,04) sBAsIeTCS haKTOPOM pHUCKA pa3BU-
Tus 3a00neBanus. CieyeT OTMETUTD, YTO JIU-
TepaTypHbIE JaHHBIE O CBSI3U BhIIICYKa3aHHbBIX
noumopdu3zmMoB ¢ PMIXX B pa3HbIX momyiisi-
LIUAX HEOJHO3HAYHBI (HMXKE MPHUBEACHBI
TOJIbKO JaHHBIC SKCIEPUMEHTAIBHBIX HCCIIe-
JIOBaHMM, pe3yNbTaThl METa-aHAINU30B B CBS3U
C MAaJOYHCIECHHOCTBIO JKCIEPUMEHTATbHBIX
JAHHBIX HE YYUTBIBAIUCH): isg 1s2250889
MMP9 accormaruu ¢ PMOK noxasass! TG B
oJiHOM paboTe [47], Toraa Kak B TpEX HCCIIeI0-
BAHMSX CTATUCTHMYECKH 3HAYUMBIX pe3yJjibTa-
TOB BBISIBJICHO He Obuio [28, 48, 49]; mis
1s3787268 MMP9 pa3zHoHanpaBieHHbIE CBSA3U
¢ PMX (puckoBoe/IpOTEKTUBHOE 3HAYECHUE
nosinMopdusma) oOHapyx eHsl B paborax [42,
48, 50] u oTcyTcTBHE accolMalMii B UCCIEN0-
BaHuU [28]; miist rs17576 He BBISIBIEHBI acco-
nuanuu ¢ 3aboseBanueM B padborax [28, 48], a
MPOTUBOMNONOXKHBIE  pe3yNbTaThl  (PHUCKO-
BOE/IIPOTEKTUBHOE 3HAYCHHE MOTUMOP(PH3MA)
MIPOJIEMOHCTPUPOBAHBI B HCCIeN0BaHUAX [47,
51, 52].Cnenyet ormetutb, uto MMP9 Tak xe
M3BECTHAsl KakK jKellaThHa3a B wmnm kosare-
Haza [V Tuma 3a cyer cBoero ydactusi B Mpo-
reccax aerpaaamnuu komiaresa IV tuna u ne-
HaTypUPOBAHHBIX KOJUJIAT€HOB, COIJIACHO JIH-
TE€paTypHBIM JaHHBIM, UTPAET BaXKHYIO POJIb B
nporeccax nporpeccupoBanuss PMIK u ero
MeTracTazupoBaHus [23].

3axurouenne. B pesynbrare mpoBeneH-
HOTO MICCTICIOBAaHUS YCTAHOBJIEHBI 0COOEHHOCTH
accouyaiuii  nmomuMopdusma reHoB MMP ¢
PMX B 3aBHCHMOCTH OT HATWYHS/OTCYTCTBUS Y
OOJIBHBIX BBICOKOTICHETPAHTHBIX MYTaIldil B
renax BRCAI wn CHEK2. BrpIBiIE€HO, 4TO
nonuMopHbIi Tokyc 151940475 MMPS cBsizan
¢ puckoM pasutua PMIXK y sxeHnmH cC
BBICOKOTICHETPAHTHBIMA MYTAaIlMSIMH B TE€HAX
BRCAI n CHEK2, Torga xak monumopdusm
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reHa MMP9 accouuupoBaH ¢ 3a00J€BaHUEM Y
YKCHILUH, HE UMEIOLINX JaHHBIX MyTallUM.
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Abstract

Background: This article reviews the pharmacological characteristics of developed dosage forms for
intranasal administration. The influence of the type of dosage form on the efficacy of the drug is
significant. Gel-like structures are interesting objects for research. Interest in understanding the nature
and properties of such structures is due to the variety of effects observed when gels are used. The
active ingredient in the studied forms is ginkgo biloba extract obtained by ultrasonic extraction fol-
lowed by thickening. The object of comparison is standardized dried ginkgo biloba extract (EGB 76).
The study of cerebrotropic activity of the developed gels was conducted on the model of bilateral
occlusion of the common carotid arteries. The studied objects and the reference preparation were
administered therapeutically after modeling cerebral ischemia once a day for 3 weeks. Aim of the
study: To evaluate specific pharmacological activity of the developed dosage forms of ginkgo biloba.
Materials and Methods: Studies were performed in an appropriate design by simulating cerebral
ischaemia in rabbits using simultaneous bilateral occlusion of the common carotid arteries. Changes
in cerebral blood flow velocity were performed by Doppler using an appropriate transducer and soft-
ware package. The data obtained were statistically processed using an application software package.
Results: Conducted investigations revealed that under conditions of experimental cerebral ischemia
simulated by simultaneous occlusion of the common carotid arteries in large laboratory animals (rab-
bits), the use of the developed dosage forms promoted the reduction of the severity of neurological
deficit, the restoration of cerebral hemodynamics and pro/antioxidant balance in the hippocampus.
Conclusions: Developed nasal gels based on chitosan and sodium alginate are promising agents for
chronic cerebrovascular accident with antioxidant mechanism of action and therapeutic potential sim-
ilar to oral administration of standardized ginkgo biloba extract — EGB 761.
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Introduction. The impact of dosage
forms as one of the basic building blocks of bi-
opharmacy is now increasingly seen in relation
to efficacy and safety of medicines. The range
of dosage forms today is very broad. It ranges
from the traditional group, led by the classic
tablet, to more recent generations of dosage
forms and innovative dosage forms that in-
clude delivery agents. However, even within
this considerable list, there are areas of prior-
ity. These include the intranasal route of ad-
ministration and, accordingly, intranasal dos-
age forms. At present, the choice for this group
is still limited, primarily in terms of research
subjects, of which there are many and their
pharmacological areas are quite large, but the
effectiveness of research is low, and the trans-
fer of relevant developments into production is
extremely rare. This is due to the complexity
of creating rational nasal dosage forms, devel-
oping appropriate adjuvant compositions and,
of course, solving questions about research
models, due to the peculiarities of the applica-
tion surface. As a model we chose one of the
well-known and sought-after medicines —
Ginkgo biloba, which has undoubted cerebro-
tropic activity. It is known that the Ginkgo bi-
loba phytocomplex reduces capillary permea-
bility, activates blood circulation, first of all, at
the level of arterioles and capillaries, increases
venous tone. However, the range of dosage
forms of this object is represented rather nar-
rowly; for the most part these are solid dosage
forms and, what is important, mostly by prep-
arations of foreign origin. In this regard, it was
decided to use the drops and gel as the studied
dosage forms, presented in 2 variants, as differ-
ent gel formers were considered. Thus, studies
regarding the pharmacological activity of devel-
oped specific models of intranasal forms —
drops and gel based on Ginkgo biloba are quite
relevant and appropriate [1, 2, 3].

Materials and methods. Experimental
animals.

The assessment of the specific pharma-
cological activity of the developed dosage
forms of Ginkgo biloba was performed on 24
male Californian rabbits weighing 2.5-3.0 kg,
obtained from the laboratory animal nursery
"Rappolovo" (Leningrad Region). The stand-
ardized extract of Ginkgo biloba (EGB 761),
obtained from Hunan Warrant Pharmaceuti-
cals (PRC), was used as a comparison drug.
The analyzed dosage forms were drops, so-
dium alginate-based gel, and chitosan-based
gel with the Ginkgo biloba phytocomplex ob-
tained by ultrasonic extraction. [4]. Before the
study, the animals were kept in quarantine con-
ditions for 14 days. During the direct conduct
of the experiment, the rabbits were kept in a
vivarium under controlled climatic conditions:
at an air temperature of 20+2 °C, a relative hu-
midity of 60+£5% and a 12-hour change of the
daily cycle in mesh metal cages equipped with
a drip drinker and a feed supply tank. The num-
ber of species in one cell was four. The ani-
mals’ access to food and water was not re-
stricted. The experimental procedures and the
keeping of animals corresponded to the gener-
ally accepted principles of the international
ethical principles of working with laboratory
animals, set out in ARRIVE 2.0 [4].

Study design (Fig. 1): The study of the
cerebrotropic activity of the developed dosage
forms of Ginkgo biloba was carried out on a
model of bilateral occlusion of the common ca-
rotid arteries. The standardized extract of
Ginkgo biloba (EGB 761), obtained from Hu-
nan Warrant Pharmaceuticals (PRC), was used
as a comparison drug. The studied dosage
forms and the reference drug were adminis-
tered in a therapeutic mode after modeling
brain ischemia once a day for 3 weeks. The
comparison drug was administered orally at a
dose of 35 mg/kg [5], the analyzed dosage
forms (drops, a gel based on sodium alginate
and a gel based on chitosan) were administered
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intranasally at a dose equivalent to the refer-
ence drug, calculated in such a way that one
drop and one dose of the gel contained 35
mg/kg of the extract obtained by us. The com-
parison drug was administered orally at a dose
of 35 mg/kg [5, 6], the analyzed dosage forms
(drops, sodium alginate-based gel and chi-
tosan-based gel) were administered intrana-
sally at a dose equivalent to that of the compar-

ison drug. During the study, changes in neuro-
logical deficits were determined according to
the McGraw scale (the initial indicator, as well
as that on the 3%, 71, 14™ and 21% days of the
experiment), the average systolic velocity of
cerebral blood flow (on the 3™, 7", 14™ and 21
days of the experiment) and the pro/antioxi-
dant balance in the hippocampus (on the 21
day of the study).

24 rabbits

l l l

l l

SO (n=4) | | NC(n=4) E((sfjl

Drops
(n=4)

Alginate-gel Chitosan gel
(n=4) (n=4)

l |

Modeling of brain ishemia

\

Baseline, on 3th,

Neurological deficit assesment

7th, 14th n 21th

/

Cerebral blood flow evaluation

L

|

Pro/antioxidant balance
evaluation in hippocampus

j day
——— | 3th,7th, 14thu
21th day
{——2 | 21ithday

Fig. 1. Study design. SO — sham-operate animals, NC — negative control animals

Experimental modeling of brain is-
chemia

Cerebral ischemia was modeled in rab-
bits by simultaneous bilateral occlusion of the
common carotid arteries. The animals were
anesthetized by chloral hydrate 350 mg/kg, in-
traperitoneally. Their skin area on the neck
near the trachea was depilated. Then, an inci-
sion of the skin was made and soft tissues were
dissected, exposing the carotid arteries. A silk
thread was placed under the arteries and tied at
the same time. The topography of soft tissues
was restored, the wound was sutured and

treated with an antiseptic solution (povidone-
iodine 10%) [7].

Methods for assessing neurological
deficits.

The McGraw psychometric scale was
used to assess the degree of development of neu-
rological deficits. The estimated indicators are
presented in Table 1. According to this scale, the
sum of points 0.5-2.0 corresponds to a mild de-
gree of neurological deficit; 2.5-5.0 — to moder-
ate severity; 5.5-10 — to severe neurological def-
icit. The neurological deficit was defined by the
sum of the corresponding points [8].
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Table 1
McGraw neurological deficit assessment scale

Parameter Score
Lethargy 0.5
Tremor 1
Unilateral semitosis 1
Bilateral semitosis 1.5
Inability to pull back a limb while holding it 1.5
Unilateral ptosis 1.5
Bilateral ptosis 1.5
Short movements 2.0
Paresis of 1-4 limbs 2-5
Paralysis of 1-4 limbs 3-6
Coma 7.0
Mortality rate 10.0

Methods for assessing changes in the
speed of local cerebral blood flow

The speed of cerebral blood flow was
measured by the Doppler method using the ul-
trasound Doppler system sensor UZOP-010-01
with an operating frequency of 25 MHz and the
MM-D-K-Minimax Doppler v. 2. 1 software
package (“Minimax”, St. Petersburg, Russia).
The registration of changes in cerebral hemo-
dynamics was carried out in the middle cere-
bral artery circulation. For this, a burr hole was
made in this area with a boron, the dura mater
was removed and a sensor was installed. The
contact gel “UNIAGEL” was used as a sound-
conducting medium. After recording the blood
flow level, the integrity of the cranial box was
restored with a polycarboxylate polymer [7].

Preparation of biological material for
the assessment of changes in the pro/antiox-
idant balance

Changes in the pro / antioxidant balance
were evaluated in the hippocampus of experi-
mental animals, for which the rabbits were de-
capitated under chloral hydrate anesthesia and
the brain was extracted. Then, the hippocam-
pus was separated and was homogenized in a
Tris-HCI buffer with pH= 7.4. The obtained
homogenate was centrifuged at 1000g for
10 min. The supernatant was removed for
analysis.

Methods for assessing changes in the
pro/antioxidant balance

Determination of the activity of superox-
ide dismutase (SOD). The activity of SOD was

evaluated in the post-nuclear fraction by inhib-
iting the formation of nitrotetrazolium chloride
(NTH) formazane. NTH was used as an indi-
cator of the formation of a superoxide anion.
For the production of O; a system containing a
solution of riboflavin (2.8*%10° M), TMED —
Tetramethylethylenediamine (0.01 M in a 0.05
M phosphate buffer pH 7.8) was used when ir-
radiated with a daylight lamp for 5 minutes.
The reaction was terminated by adding a 20%
solution of TCA (trichloracetic acid) and ace-
tone. The optical density was recorded on
CPK-3 at 440 nm. The activity of SOD was ex-
pressed in units/ mg of protein [8]. The protein
content was determined in the reaction with the
dye Coomassie Brilliant Blue G-250 [9].

Determination of the concentration of
TBA (2-thiobarbituric acid)-active products.
The concentration of TBA-active products
(TBA-AP) was determined by the thiobarbitu-
ric method. The method is based on the for-
mation of a colored complex with an absorp-
tion maximum at 532 nm. The protein was pre-
cipitated by adding a 17% solution of TCA.
The measurement of extinction of the colored
complex of malondialdehyde with thiobarbitu-
ric acid (0.8% solution) was made by using a
PE-8000 spectrophotometer at a wavelength of
532 nm and expressed in micromol/ mg of pro-
tein [10].

Determination of the reduced glutathi-
one (GHS) concentration. The concentration
of reduced glutathione was determined by a
spectrophotometric method based on the oxi-
dation reaction of glutathione with a sulthydryl
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reagent of 5.5' — dithio-bis-2-nitrobenzoic acid
with formation of 5'-thio-2-nitrobenzoic acid,
colored yellow. The optical density was rec-
orded at 412 nm [11].

Statistical methods. The data obtained
during the study were subjected to statistical
processing by using the STATISTICA 6.0 ap-
plication software package (StatSoft, USA)
and MS Excel 10 for the Windows operating
system. The average value (median value) and
the standard error of the average were calcu-
lated, the data were presented in the form of
M=m. The obtained results were subjected to a
test for the normality of the distribution (the
Shapiro-Wilk criterion). If the data obeyed the
law of normal distribution, ANOVA with the
Tukey post-test was used to compare the aver-
ages. Otherwise the statistic processing of the
experimental results was carried out by using
the Kruskall-Wallis criterion.

Results

The influence of the studied dosage
forms and the referent on the change of
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neurological deficit in animals under condi-
tions of cerebral ischemia.

When analyzing the changes in neuro-
logical deficit in rabbits under conditions of
brain ischemia, it was found that after occlu-
sion of the common carotid arteries in animals
of the NC group, the neurological deficit on the
3" day of the study was 8.5 times (p<0.05)
higher compared to the SO group of rabbits.
Subsequently, on the 7, 14™ and 21* days of
the experiment, the neurological deficit in the
NC group of animals was higher than that in
the SO group of rabbits by 9.4 (p<0.05); 10.3
(p<0.05) and 13.3 (p<0.05) times respectively
(Fig. 2). The use of EGB 761 contributed to a
decrease in the degree of neurological deficit
compared to the NC group of animals on the
14" and 21% days of the study by 54.8%
(p<0.05) and 65.0% (p<0.05) respectively,
while the indicators of the 3™ and 7" days in
rabbits treated with EGB 761 did not signifi-
cantly differ from those in the NC group of an-
imals.

=%

ESO ENC SEGB761 HDrops W Alginate-gel Chitosan-gel

Note: SO - sham-operate animals, NC — negative control animals. The figure shows the median value; # - is statistically
significant relative to SO animals (Kruskall-Wallis criterion, p<0.05); * - is statistically significant relative to the NC
group of animals (Kruskall-Wallis criterion, p<0.05); A — is statistically significant relative to animals treated with EGB

761 (Kruskall-Wallis criterion, p<0.05).

Fig. 2. The effect of the developed dosage forms and the comparison drug on the change of neuro-
logical deficit in rabbits under conditions of brain ischemia

Against the background of the injection
of the developed nasal drops, there was a de-
crease (in comparison with the NC group of
animals) in neurological symptoms in rabbits

on the 14™ and 21° days of the experiment by
47.6% (p<0.05) and 45.8% (p<0.05), respec-
tively. When using the studied nasal gel based
on sodium alginate, the neurological deficit in
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animals decreased compared to the NC group
of rabbits on the 71 day of the study by 34.2%
(p<0.05); on the 14" day — by 58.9% (p<0.05)
and on the 21% day — by 54.2% (p<0.05). It
should be noted that in animals receiving the
developed sodium alginate gel, the neurologi-
cal deficit on the 7 day of the experiment was

lower than that in rabbits injected with EGB
761 by 25.2% (p<0.05). The injection of a chi-
tosan-based gel helped to reduce the severity
of neurological deficit compared to the NC
group of animals on the 14" and 21% days of
the study by 46% (p<0.05) and 57.5%
(p<0.05), respectively (Fig. 2).

Note: SO - sham-operate animals, NC — negative control animals # - is statistically significant relative to the SO group of
animals (Tukey criterion, p<0.05); * - is statistically significant relative to the NC group of animals (Tukey criterion,
p<0.05); A — s statistically significant relative to animals treated with EGB 761 (Tukey criterion, p<0.05).

Fig. 3. The influence of the developed dosage forms and the comparison drug on the change in the

speed of cerebral blood flow in rabbits under conditions of cerebral ischemia

The effect of the studied dosage forms
and the referent on the change in the rate of
cerebral blood flow in animals under condi-
tions of cerebral ischemia.

After modeling brain ischemia on the 3™
day of the experiment, the NC group of ani-
mals, as well as rabbits that received the refer-
ence drug, the studied nasal drops, sodium al-
ginate based gel and chitosan based gel,
showed an almost equivalent decrease in the
level of cerebral blood flow compared to SO
animals by 59.3% (p<0.05); 63.6% (p<0.05);
59.6% (p<0.05) 60.4% (p<0.05) and 58.1%
(p<0.05), respectively. This allows an identical
course of the ischemic process in all experi-
mental groups. Then, a progressive deteriora-
tion of cerebral hemodynamics was noted in
the animals of the NC group, which is evi-
denced by a decrease in the rate of cerebral
blood flow in this group of rabbits compared to
SO animals on the 7%, 14" and 21% days of the

experiment by 71.4% (p<0.05), 75.3% and
81.4% (p<0.05), respectively (Fig. 3). Against
the background of injection of EGB761 to the
rabbits, the rate of cerebral blood flow on the
7t 14% and 21° days of the study were higher
than the same in the NC group of animals by
66.7% (p<0.05); 160.0% (p<0.05) and 243.8%
(p<0.05), respectively. The use of the devel-
oped nasal drops helped to restore the level of
cerebral blood flow, which was reflected in an
increase in the average systolic blood flow rate
on the 14" and 21% days of the experiment by
145.0% (p<0.05) and 231.3% (p<0.05), re-
spectively. In animals treated with the studied
sodium alginate-based gel, the rate of cerebral
blood flow increased on the 7%, 14™ and 21%
days of the study, compared with the NC group
of rabbits, by 112.5% (p<0.05); 180.0%
(p<0.05) and 275.3% (p<0.05), respectively.
At the same time, on the 3™ day of the experi-
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ment, the level of cerebral blood flow in ani-
mals receiving the developed sodium alginate-
based gel was 27.5% higher than that in rabbits
injected with EGB 761 (p<0.05). When using
a chitosan-based gel, an increase in the rate of
cerebral blood flow was observed in relation to
NC group rabbits on the 7" day of the experi-
ment by 87.5% (p<0.05); on the 14" day — by
140.0% (p<0.05) and on the 21% day - by
187.5% (p<0.05).

The effect of the studied dosage forms
and the referent on the change in the pro / an-
tioxidant balance in the hippocampus of ani-
mals under conditions of cerebral ischemia.

Taking into account the fact that cerebral
hypoperfusion changes primarily affect the
hippocampal zone, which leads to impaired
cognitive functions and the development of
neurological deficits, the influence of the de-
veloped dosage forms and the referent on the
course of oxidative stress reactions in the hip-
pocampus of animals as one of the main path-
ogenetic mechanisms of damage to brain struc-
tures in ischemia was evaluated in this
work [12].

The results of the study are presented in
Table 2.

Table 2

The effect of the studied dosage forms and the referent on the change in the pro/antioxidant
balance in the hippocampus of animals under conditions of cerebral ischemia

Rate SOD, unit/mg of protein | TBA-AP, pM/ mg of protein | GSH nM/ mg of protein
SO 75.6%5 1.4+0.2 453453
NC 23.44+5.3# 12.742.5# 21.1+4.7#
EGB 761 45.6£5.1* 5.6+0.9* 36.1£5%
Drops 34.144.3* 6.8+1.2* 27.9+6.5%
Alginate gel 56.9+4.6* 4.1+0.7* 39.146.2%*
Chitosan-based gel 50.247.1%* 6.4£1.1%* 30.744.9*

Note: SO - sham-operate animals, NC — negative control animals. # - is statistically significant relative to the SO group
of animals (Tukey criterion, p<0.05); * - is statistically significant relative to the NC group of animals (Tukey criterion,

p<0.05).

During the course of the study, it was
found that in the NC group of animals, com-
pared with SO rabbits, there was a decrease in
SOD activity by 69.0% (p<0.05) and the con-
centration of reduced glutathione by 53.4%
(p<0.05) with an increase in the content of
TBA-AP by 9.1 times (p<0.05). The use of the
comparison drug contributed to an increase in
the activity of SOD and the concentration of
GSH, as well as a decrease in the content of
TBA-AP by 94.9% (p<0.05); 71.1% (p<0.05)
and 55.9% (p<0.05) relative to similar indica-
tors of the NC group of animals. In rabbits re-
ceiving the studied nasal drops, the SOD activ-
ity was increased by 45.7% (p<0.05); glutathi-
one concentration — by 32.2% (p<0.05), ac-
companied by a decrease in the content of
TBA-AP by 46.5% (p<0.05). Against the back-
ground of the injection of a sodium alginate
based gel to animals, the activity of SOD and
the GSH content were higher, and the concen-
tration of TBA-AP, respectively, was lower

than those in the NC group of rabbits by
143.2% (p<0.05); 85.3% (p<0.05) and 67.7%
(p<0.05), while when using a chitosan based
gel, these indicators changed by 114.5%
(p<0.05); 45.5% (p<0.05) and 49.6% (p<0.05),
respectively (Table 2).

Conclusion. The conducted complex of
studies allowed us to establish that in the con-
ditions of experimental cerebral ischemia mod-
eled by simultaneous occlusion of the common
carotid arteries in large laboratory animals
(rabbits), the use of the developed dosage
forms contributed to reducing the severity of
neurological deficit, restoring cerebral hemo-
dynamics and pro/ antioxidant balance in the
hippocampus. At the same time, the chitosan-
based drops and gel demonstrated equivalent
therapeutic efficacy to the EGB 761 compari-
son drug administered orally. The sodium algi-
nate based gel in comparison with the referent,
that is the studied nasal drops and the chitosan
based gel, provided a faster development of the
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pharmacological effect and its maintenance
throughout the experiment, that is evidenced
by the indicators of neurological deficit and the
speed of cerebral blood flow analyzed on the
7% day of the study. Thus, based on the results
obtained, it can be assumed that the developed
nasal sodium alginate based gel may be a
promising means of correcting chronic cere-
bral circulatory disorders with an antioxidant
mechanism of action and therapeutic potential
which is similar to the oral use of a standard-
ized extract of Ginkgo biloba EGB 761.
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CocTosiHME TJIYyTATHOHOBOIO 3BE€HA
AHTHOKCHIAHTHOHU 3AIIIUTHI OPraHU3Ma
npu GYHTUIMTHON HHTOKCUKAIIMY
U KOPPEKIUHA BUTAMHUHOM A M pacToponiue
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denepanbHOE rOCyIapCTBEHHOE OI0/HKETHOE 00pa30BaTEIbHOE YUPEKICHUE
BhIcIIero oOpa3oBanus «Kypckuii rocyJapCTBEHHBIH MEIUIIMHCKUN YHUBEPCUTETY,
yi. Kapna Mapkca, a. 3, r. Kypck, 305041, Poccuiickas deneparnus
Aemopul 011 nepenucku.: B.A. Kopones (medecoll(@yandex.ru), A.B. Cedvix (turquoise95@mail.ru)

Pesrome

AKTyaJbHOCTh: [loCTyIUIeHHE THpaMa C IUIIEBOM IPOAYKIIMEN B TKaHU, OpraHbl )KUBOTHBIX U Ye-
JIOBEKA MOXKET MPUBOIUTH K aKTUBALIMH ITPOLIECCOB CBOOOIHOPAAUKAIILHOIO OKUCIIEHUS U, KaK Cle/-
cTBHE, Mucbanancy (yHKIIMOHUPOBAHUS CHCTEMbl aHTUOKCHIAHTHOM 3alUThI opranu3mMa. Lleanb uc-
ciaegoBanusi: OrnpeneneHue COCTOSIHUS TIIyTaTHOHOBOTO 3BEHAa aHTMOKCHJIAHTHOM 3alllMThl opra-
HU3Ma NpU PyHTUIUIHOW MHTOKCUKALIMU U KOPPEKLIMU BUTAaMUHOM A U pactopornuieil. MaTepuaibl
u Metoasbl: [IpoBenena cyOxpoHudeckas HHTOKCHKAIMSA THpaMoM B go3e 1/50 LD50 (1,6 mr) Ha
MPOTSKEHUH 4 HEJeNb PU BO3JAEHCTBUM 1n vivo Ha opranu3M 240 kpsic 1uHUM Buctap B Bo3pacre
2 mec. HccnenoBaHo BIMSHME THpaMa Ha I0Ka3aTeld aHTUOKCUAAHTHOM 3allUThl OpraHu3Ma, Ha
IpuMepe BapruadebHOCTH KaTaIMTHUYECKON aKTUBHOCTHU TityTatnoHnepokcuaassl (GPX), rmyraru-
onpenykTassl (GSR), KOTMUECTBEHHOTO co/iepKaHus akKTUBHBIX GopM kuciopoaa (ROS) u nond-
pakuuii rimyratuona (GSH/GSSG). PesyabraTbl: MonenupoBanue cyOXpOHUYECKON HHTOKCUKAITUN
COIIPOBOXAAJIOCH 3HAYMMBIM yBenuueHueM cozepxkanus ROS, noseimenuem axktuBHoctn GPX,
GSR (p<0,05). B Toxe Bpems oTMedaeTcst 3HaunuTeabHoe cHUxkeHue cootHomeHuss GSH/GSSG B
IJ1a3Me KPOBU M POTOBOM JKUAKOCTH KPBIC B CPAaBHEHUU C Ipymmoil koHTposs. Ilocie nposenenus
AKCIIEPUMEHTAIbHON CyOXpOHMYECKON MHTOKCHUKAIIMK OBbUIM MCIOJB30BaHbl aHTUOKCUIAHTHI — BU-
TaMHUH A (peTHHOMa aneraT) 1 pactopornia. x npuMmeHenue B TeueHue 30 cyTOK MPUBEINO K BOCCTa-
HOBJICHHIO YPOBHS UCCIIETyeMbIX ITOKa3aTenel. 3akaouenne: TakuM 00pa3oM, HaMHU IOKa3aHO, YTO
ycuseHre 00pa3oBaHus CBOOOTHBIX paJAUKaIOB U TUcOanaHC B QyHKIIMOHUPOBAHUHU [Ty TATHOHOBOTO
yJla aHTUOKCUIAHTHOM 3aIIUThI IPOMCXOAUT BCIEACTBHE MOCTYIJIEHUS B OPraHU3M MUKPOKOJIU-
yecTB pyHrunuaa Tupam. Mcrnonp3oBanue BUTaMHHA A M pacTOPOIIIIH CIIOCOOCTBYET BOCCTaHOBJIE-
HUIO TMPOOKCHUIAHTHO-aHTHOKCUJAHTHOTO OanaHca opraHusma. [lomydeHHblE pe3yibTaTbl MOTYT
OBITh MCIOJIB30BAaHbl MPU MPOBEJCHUN AaHTUOKCUJAHTHOM Tepamuu A KYNMUPOBaHHS MPOIIECCOB
OKHUCJIUTEIBHOTO CTPecca MPU MECTUIUIHBIX HHTOKCUKAIUAX.

KuroueBblie ciioBa: Tupam; IiyTaTHOH; NIyTaTHOHPEAYKTa3a; NIyTaTHoHNEpokcuaasa; ROS; Buta-
MHH A; pacTopomnma
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Abstract

Background: Thiram entering with food products into tissues and organs of animals and humans can
lead to the activation of free-radical oxidation processes and, as a consequence, imbalance in the
functioning of the antioxidant defense system of the body. The aim of the study: Determination of
the state of the glutathione unit of the antioxidant defense of the body during fungicidal intoxication
and correction with vitamin A and milk thistle. Materials and methods: Subchronic intoxication
with thiram at a dose of 1/50 LDso (1.6 mg) was carried out for 4 weeks under in vivo exposure to
240 Wistar rats at the age of 2 months. The effect of thiram on the indicators of the antioxidant defense
of the body was studied using the example of the variability of the catalytic activity of glutathione
peroxidase (GPX), glutathione reductase (GSR), the quantitative content of reactive oxygen species
(ROS) and glutathione subfractions (GSH/GSSG). Results: In this publication, the effect of thiram
intoxication on the antioxidant defense parameters on the body of white Wistar rats' antioxidant de-
fense parameters using the sample of the variability of the catalytic activity of glutathione peroxidase
(GPX), glutathione reductase (GSR), the quantitative content of reactive oxygen species (ROS) and
glutathione subfractions (GSH/GSSG). The modeling of subchronic intoxication was accompanied
by a significant increase in the content of ROS, an increase in the activity of GPX, GSR (p<0.05). At
the same time there is a significant decrease in the GSH/GSSG ratio in the blood plasma and oral
fluid of rats in comparison with the control group. After the experimental subchronic intoxication
some antioxidants were used, such as vitamin A (retinol acetate) and milk thistle. Their usage for 30
days has led to the restoration of the studied parameters. Conclusion: Thus, we have shown that an
increase in the formation of free radicals and an imbalance in the functioning of the glutathione pool
of antioxidant protection occurs due to the intake of micro-amounts of the fungicide thiram into the
body. The use of vitamin A and milk thistle helps to restore the prooxidant-antioxidant balance of the
body. The results obtained can be used in antioxidant therapy to stop the processes of oxidative stress
in pesticide intoxication.

Keywords: thiram; glutathione; glutathione reductase; glutathione peroxidase; ROS; vitamin A; milk
thistle
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BBenenue. B Hacrosiiee BpeMs mupo-
KO€ IPUMEHEHHUE B arporpOMBIIIJICHHOM KOM-
mekce (AITK) momydrt necTUIMHBIN TTpena-
par THpaMm (TeTpaMeTWITHYpPaMAHUCYIb(UI,
TMAT), xoTopblil sBIsieTcss (QYHTHLIUAOM
KOHTakTHOTO AeicTBusd, Il Kiacca omacHOCTH
[1]. HecmoTpsi Ha BBICOKYIO SKOHOMHYECKYIO
3¢ (HeKTUBHOCTh MPUMEHEHU S, TaHHBIN ITperna-
paT UMeeT BBICOKHE KyMYJISITUBHBIE, TOKCHYE-
CKHE CBOWCTBAa M CIIOCOOEH COXpAaHATHCA B
MPOJYKTax nepepaboTKU arpoKyJbTyp A0 IOo-
JyTOpa JIET, B CBSI3U C YEM IPEJCTABIISET IKO-
JIOTUYECKY0 onacHocTh [2, 3]. Tloctynienue
THpaMma B TKaHU, OPTaHbl KUBOTHBIX U YeJO-
BeKa MPUBOJUT K aKTHUBALIUU MPOIECCOB CBO-
00HOPAINKAIILHOTO OKHCJICHUSI U KaK CIel-
CTBUE, K 00pa30BaHUIO CBOOOIHBIX PAIUKAJIOB
(CP) B ToM umciie B BUJI€ PEAKTUBHBIX (HOpM
kucnopona (ROS) [4, 5]. Bo3nukHoBeHHE
OKHUCJIUTEIBHOTO CTpecca MPOUCXOTUT B TOM
clly4ae, KOTrjia CKOpOCTh 00pa30BaHMs aKTHB-
HBIX (OPM KHUCIOpOJA TPEBHIIIACT CIOCO0-
HOCTh KIIETKH K AceToKcukauumu [6]. Kiroue-
BbIM 3BEHOM aHTUOKCHUJAHTHON  3aIUThI
(AO3) opranusma siBIsIETCS cUCcTEMa TITyTaTH-
OHa, KOTOpas BKJIIOYAT B ceOs TIyTaTHOH H
(dbepmenThI ero Metadomsma [7]. BayTtpuxie-
TOYHBII TJIyTaTHOH MpEACTaBlI€H B BUJE 2
¢opMm: BoccranosieHHot (GSH), xotopas
CHUHTE3UPYETCS B HUTOIIIA3M€E KJIETKH, U OKHUC-
nenHoii (GSSG) [8, 9]. GSH ciy)uT HU3KOMO-
JEKYJISIPHbIM aHTHOKCUIAAHTOM. OKHUCIIEHHBII
[JIyTaTUOH B HOPME JIOJKEH MOAEPKUBATHCS
Ha HU3KOM YpOBHE. 3a NOJJEepKaHUE BBICO-
xoro cootHomenus GSH/GSSG, a Takxke 3a-
IIUTY KJIETOK OT aKTUBHBIX (POpPM KHCIOpoaa
(ADK) orBeuaer riyraruonpeaykrasa (GSR)
u riyratuoHnepokcuaasa (GPx). AKTUBHOCTB
GSR perynupyeT penokc-romMeoctas KIETKH,
(GYHKIIMOHUPOBAHHUE PEIOKC-3aBUCUMBIX Oell-
KOB U 3allIUTy KJIETOK OT aKTUBHBIX (DOPM KHC-
nopoaa (ADK), rakux xak H>02, O" u 'OH
[10, 11]. GPx nHakTUBHpYET CyleppaguKaIbl
1 BOCCTAHABJIMBAET UX B OPTraHMUECKHUE THAPO-

nepexucu. OHaKo, BIUSHUE THpaMa Ha U3Me-
HEHHUE COCTOSHUS INIyTaTHOHOBOT'O 3BEHA aH-
TUOKCUJAHTHOM 3aIllUThl OpraHu3Ma HE [0
KOHIIa u3y4eHo [12].

C yueToM BBICOKOTO YJAEIBHOIO Beca
9KOMNATOJIOTHIl B CTPYKType o01ei 3aboseBa-
€MOCTH HeoOXxoauma pa3pabdoTKa MEeTOJIOB
KOPPEKIMH aHTHOKCHIAHTHOTO CTaTyca C Io-
MOIIbI0 AHTHOKCUAAHTHOU Teparnuu [13, 14].
JlJ11 TOpMO>KEHUS MPOIIECCOB OKUCIUTEIBHOM
cTpecca W HEUTpaHu3ali CBOOOIHBIX Paju-
KaJIOB MEPCIEKTUBHBIM SBIISIETCS IPUMEHEHUE
BUTaMHHA A (pETHHOJIA aleTaT) U HKCTPaKTa
pactoponu [15, 16].

B mHacrosmeir paboTte mnpencTaBlieHBI
OMOXMMHYECKHE  HUCCIICJIOBAHUS  IIJIa3MBI
KpOBHU U POTOBOI HJKOCTH KpBbIC, MOJBEPT-
IINXCS MHTOKCUKAIUU (PYHTUIMIHBIM Tpera-
paToM THpaM, a TAKKe KOPPEKIIUU BUTAMUHOM
A ¥ pacTtopomniien.

Martepunanbl M MeTOAbI HCCJIEI0BA-
Husi. MccnenoBanue mnpoBoauiaock Ha 240
KpbIcax-camuax JuHuu Bucrap maccoi 200-
220 rpamm. B skcriepuMenTe JKUBOTHbIE ObUIN
pazzenensl Ha 8 rpyni. 1 rpymnmna - 310poBbIe,
WHTAKTHBIE KPBICHI, KOTOPHIE SBISUIMCH OUOJIO-
THYECKUM KOHTposieM. 2, 3, 4 u 5 rpynisl mo-
Jydaayd TUPaM BMECTE C TpaHyJHPOBAHHBIM
KOpMOM B j03e 1,6 Mr, dro sBISIETCS
1/50 LDso, B Teuenue 28 nueil. ['panynsl koM-
OoukopMa m3Menpyanu B GapdopoBoil cTymnke
70 TOPOILIKOOOPA3HOTO COCTOSIHMS, J00aB-
JSUIM 2 MJ IUCTUIUTMPOBAHHOM BOJIBI M B3BE-
IIEHHBIN THpaM, (OPMHUPOBAIIU TPAHYIIBI U CY-
LIWJIA HA OTKPBITOM BO3/lyXe B TeueHue 12 ya-
coB. TakuM 00pa3oM, UHTOKCHKAITUS TOCTHTa-
J1ach IMyTEM €CTECTBEHHOTO KOPMIIEHHUS HC-
KITt04ast GU3NOJIOTHUECKUI CTpecc pHU MpoBe-
JIEHUH dKcniepruMeHTa. 3a060p 006pasoB MpoBo-
nuics Ha 7, 14, 21 u 28 cyTku, mocnie J1eKanu-
tanuu 1o dPupHBIM Hapko3om. Illecras
rpymmna nociie 28 JHel MHTOKCUKAIMU TUpa-
MoM 30 mHed monydanu OOBIYHYIO €1y, CO-
IJIACHO MX CTaHAApTHOrO pairoHa. B ceapmoit
rpyImie MoJIeIpoBaiachk CyOXpOHUYECKas UH-
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TOKCUKAIIUA Ha MPOTSHKEHUH 28 CYTOK, C MO-
CJIEIYIOIMM MTPUMEHEHUEM aHTHOKCUJAHTA —
BuTamMuHa A B Teuenue 30 cytok. B mepepac-
gere Ha | Kr Beca dYelnoBeKa HEO0OXOIUMO
0,020 mr/kr npemnapata. Koaddumuent nepe-
CYEeTa J1I03bI C OTJIEJIBLHOTO dKUBOTHOTO HA YEJI0-
Beka coctaBisier — 39,0. [y Kpbickl Maccoii
200 rpamm ko3 PUIMEHT MepecyeTa CoCTaB-
nsiet 6,5. CnegoBatelibHO, pacueTHas TeparneB-
TUYecKas /103a BUTaMUHa A JUIs SKCIIepUMEH-
TaJbHBIX KpbIC-CaMII0B JIuHUKU BucTtap maccoit
200 rpamm cocraiser: (0,020* 39) /6,5 =
0,12 mr/kr* 0,2 = 0,024 mr. B rpynmne Bocemb
MIPOBOAMIIACH CYOXpOHMUYECKAsh MHTOKCUKAIIHS
B T€UEHUE 28 CYTOK, C MOCIEIYOIIUM UCIIOJIb-
30BaHHWEM aHTHMOKCHJIaHTa — PaCcTOPOIIIHU, Ha
nporskenue 30 cytok. B nepepacuere Ha 1 kr
Beca YesioBeKa HeoOXxoaumo 2,29 MI/Kr npena-
pata. PacuerHas TepameBTHYecKas /103a pac-
TOPONIIM JUIsI SKCIEPUMEHTAIBHBIX KpbIC-
cam1oB JuHUM Buctap maccoit 200 rpamm co-
crapiset: (2.29 * 39) /6,5 = 13,74 mr/xr *0,2
=2,75 mr.

Pacuer no3el npemnapara Tupam BBINOJ-
HSJICS MCXOIs M3 TOKCHKOJIOTHYECKUX JaH-
Hbix: LD50 mst kpeic cocraBiser 400 mr/kr
[17]. B cBsizu ¢ TeM, 4TO B SKCIIEPUMEHTE UC-
noJib30Banuck n03el 1/50 LD50, To mocne pac-
YyeTa J03a JUIA OKCIEPUMEHTAIBHBIX KpBIC-
camuoB JuHUM Bucrap maccoit 200 rpamm co-
craBuia: 400 mr/kr / 50 = 8mr/kr*0,2 = 1,6 mr
[18].

Cpoxu 3a60pa OMOKHAKOCTEH ObLIN BbI-
OpaHbl a7 OIICHKM W3MEHEHUU aHTHOKCH-
JAHTHOTO CTaTyca IpU OCTPOH, MOJOCTPOU U
CyOXpOHHYECKON MHTOKCUKAIIUU ISl aHAIIN3a
TUHAMHUKA W3MEHEHUH W KOMIICHCATOPHBIX
BO3MOKHOCTEH OpraHu3Ma.

WccnenoBanus npoBoauiIM ¢ cobitoie-
HUEM MPUHIUIIOB, U3NI0KEHHBIX B KOHBEHITNH
IO 3alTUTEe TTO3BOHOYHBIX JKUBOTHBIX, HCTIOJb-
3YeMBIX ISl OKCIIEPUMEHTANBHBIX U APYTUX
ueneit (r. CtpacOypr, @pannus, 1986).

s mpoBeoeHUS aHalu3a  IJ1a3MBI
KpoBH B TeueHue 30 MuH mocie 3a0opa 1eH-
TpudyrupoBaau kpoBb 15 mur Ha 3000
006/muH Tipu 4°C. TIpounsBoaunu 3a60p HagoCa-
JIOYHOM KHUJIKOCTH B MHKPOIEHTpUDYKHBIS
npobupku B oobeme 50 MKII.

HectumynupoBanHas poToBas I KU[-
KOCTh ObLIa MoJryueHa myTem e€ 3abopa ¢ mo-
MOILIbI0 MUKPOMUIETKU B YUCTYIO MPOOHPKY,
KOTOpyI0 LeHTpu¢yrupoBanu 20 MUHYT Ha
1500 06/MuH. POTOBYIO )KUJIKOCTH 3a0Upaiu U
MOMEIIaT B MHUKPOICHTPU(DYKHBIE TIPO-
Ooupku, B o0beMe 50 MKII.

MarepuanoM HCCIEIOBaHUs SBUJIACH
POTOBAs KHUIKOCTh U IJIa3Ma KPOBH.

[Tocne 3a6opa u mPoOONOATOTOBKH OHO-
00BEKTOB OBLJIO MPOBEICHO JIA0OPATOPHOE HC-
ClIeZIOBaHME, BKIIIOYAIOIIEE  OIpeJeIICHUE
(YHKIIMOHATTLHOW ~ AKTUBHOCTH  AHTHOKCH-
JAHTHOW CHUCTEMBI MO CIIEAYIOIIUM IOKa3aTe-
JISIM: TITyTaTUOH OKUCJICHHBIH, MIyTaTHOH BOC-
CTaHOBIICHHBIN, TTyTaTHOHPEAYKTa3a U rIyTa-
TuoHnepokcuaaza, ROS. [lnsg uccnemoBaHus
WCTIOJIB30BAJIHMCH cieaytomue Habopel: Cata-
lase Assay Kit, 707002, 96 tectoB (Cayman
Chemical, USA); Superoxide Dismutases As-
say Kit, 706002, 96 tectoB (Cayman Chemi-
cal, USA); Glutathione Reductase Assay,
STA-812, 100 TectoB (Cell Biolabs, USA);
Glutathione Peroxidase Activity Colorimetric
Assay Kit, K762, 100 TectoB (BioVision,
USA); OxiSelecttm In Vitro ROS/RNS Assay
Kit (Green Fluorescence), STA-347, 96 assays
(Cell Biolabs, USA); CEA294Ge ELISA Kit
for Glutathione (GSH) (Cloud-Clone Corp.,
USA) u CEK518Ge ELISA Kit for Oxidized
Glutathione (GSSG) (Cloud-Clone Corp.,
USA), Helicon (Mocksa). [lns mpoBeneHus
WHTOKCHUKAIIUU HCTOIb30Banu THpam (137-26-
8) uncrotoit 97% (Sigma-Aldrich, USA). dnsa
MIPOBE/ICHUS] KOPPEKIMH HCIOIB30BAN BUTA-
MUH A (petuHOn anerar) (XuUMOUTEPTOPT
I'pynn, Poccust) u pacroponmry (I'pun Caiin,
Poccus).

Onpeodenenue 2nymamuorna 0CCmMaHo8-
JIHHO20

HccnenoBanme 0CHOBaHO Ha KOHKYPEHT-
HOM METOJIe MMMYHO(EPMEHTHOTO aHajlu3a
(MUDA). B nabope 1u1st ucciae10BaHus UCHIONb-
30BaJICsl MUKPOIUIAHIIIET, COPOUPOBAHHBIN MO-
HOKJIOHAJIbHBIMU  aHTHTENaMH  crenuduy-
ueiMu K GSH. Mexnay GSH, meuenHbsiM 610-
ThuHOM, HemeueHbiM GSH (comepkamumcs B
oOpasmax W KOHTPOJE) W COPOMPOBAHHBIMU
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anTutenamu crienduanbsivu k GSH npouncxo-
IUT KOHKYPEHTHAsl peakilys B IPOIECCce HHKY-
OoupoBaHHUS B TeueHune 30 MUH TIpH TeMIiepa-
type 37° C. HecBsa3zaBuiuiica KOHbBIOTaT yJa-
JSUTA OTMBIBKOHM. 3aTeM aBHJIUH, KOHBIOTHUPO-
BaHHBIN ¢ mepokcuaa3oi xpeHa (Horseradish
peroxidase, HRP) no6GaBiisiiin B Kk 1y10 TyHKY
IUTaHIIEeTa ¥ MPOBOJIWIM WHKYOAIMIO B Tede-
nue 10 mun npu Temneparype 37° C. Hdanee
TUIATENIBHO YyNAIsUIA  CHEAbl KUAKOCTU U3
IUTAaHIIETa ¥ OTHPABJSUIA €r0 B MUKPOILJIAaH-
meTHeld puaep Varioscan Flash (Thermo
Fisher Scientific, USA), B koTopoM mpoBoO-
JWJIA WCCTIEAOBaHUE TMpHU JIMHE BOJIHBI 450
HM. KonudecTBo cBsI3aHHOTO KOHBIOTaTa Ie-
pPOKCH1a3bl XpeHa 00paTHO MPONOPLMOHAIBHO
koHueHTpauuu GSH B o6pasie.

Onpeoenenue 2n1ymamuora OKUCIeHHO20

AHanmm3 0CHOBaH Ha KOHKYPEHTHOM Me-
toae UDA. Mukporuianier B Habope copOu-
pOBaH MOHOKJIOHAJIbHBIMM aHTHUTENaMH CIie-
muuaHeMU K oBanbOyMuHy (OVA). KoHky-
PEHTHAsI peaKius MPOUCXOIUT B MPOLIECCE HH-
KyOanuu B Teuenue 30 MUH NpU TEMIIEpaType
37° C mexxny OVA, MeueHHBIM OMOTHHOM, HE-
MeueHbiM OVA (copepxamuMmcsi B oOpasiax
WM KOHTPOJIE) U COpOMPOBAHHBIMM AHTHUTE-
namu crienupuaabiMu K OVA. Tocne naky6a-
IIUM HE CBSA3ABIIMICA KOHBIOTAT YIAJSIA OT-
MBIBKOH. 3aTeM B MUKPOIUIAHIIET J00aBIISIIN
aBUJIMH, KOHBIOTMPOBAHHBIA C MEPOKCHU1A30M
xpeHa (HRP) u npoBonunu nukyOGamuo B Te-
yenue 10 mun pu remneparype 37° C. Hanee
TIIATENbHO YJAISAIM CHEIbl JKUIKOCTH U3
TUTAaHIIETa ¥ OTHPABISUTA €r0 B MUKPOILIAaH-
metHbll puznep Varioscan Flash (Thermo
Fisher Scientific, USA), nnst nmpoBenenus uc-
ccienoBanus ipu anuHe BoiHBI 450 HM. Ko-
JIMYECTBO CBSI3aHHOTO KOHBIOTaTa MEPOKCH-
Ja3bl XpeHa 00paTHO MPOMOPIMOHAIBHO KOH-
nentparuu OVA B oOpasiie.

Onpedenenue e1ymamuoHnepoKcuoassl

AHanu3 MpoBOAMIN C HUCIOJIb30BAaHUEM
Habopa peareHtoB ¢upmbl Cell Biolabs Ha
MHUKpOIUTaHiieTHoM  puzepe  (Varioscan
Thermo Fisher Scientific) npu niauHe BONHBI
340 um. B xauecTBe cyOcTpaTa HCHOIB30BATN
rugponepokcuna kymonma. GPX  cHumxaer

KOHIIEHTPALIMIO THAPOIIEPOKCHIa KyMoJia Ipu
okuciennu GSH nmo GSSG. Opua emuHuna
aktuBHOCTH GPX Obli1a onpenenena 1 MKMOJIb
NADPH x NADP +.

Onpeodenenue 2nymamuoHpeoykmaszol

Jlia ananuza B 96-1yHOUHBIM IUTAHIIET
nob6aswm 25 mka pactBopa 1X NADPH B
KaXXIyl0 JIyHKY, a 3areM no 100 mxn moaro-
TOBJICHHBIX CTaHJAPTOB INIyTaTHOHPEILYKTa3bl
U HCClIeqyeMbIX 00pa3loB. 3aTeM B KaXAylO
JYHKY MUKpoIuiaHiiera BHecau 1mo 50 mxi 1X
XpOMOIeHa M IepeMellany. 3aBeplIarolliuM
3TanoM OBUIO BHECEHHE B KaXKIYIO JYHKY
IJIaHmeTa 25 MKJI TIyTaTHOHA TUCYJbpuaa
(GSSQ). Ilocne nepeMennBaHus IJIAHILET He-
MEJIEHHO OTIIPABJISIIM B MUKPOIUIAHIIETHBII
punep Varioscan Flash (Thermo Fisher
Scientific, USA) u moBoauinu u3MepeHue or-
TUYECKOW IUIOTHOCTU INpH JUIMHE BOJIHBI 405
HM C UHTepBajoM B 1 muHyty B TeueHue 10
MUHYT (KUHETUYECKHUI1 aHaTn3).

Onpeodenenue ROS

AHanu3 NpoBOAMIM C MCIIOJIB30BaHUEM
Habopa pearentoB ¢upmel Cell Biolabs na
MUKpOIUTaHIIeTHOM puzaepe Varioscan Flash
(Thermo Fisher Scientific, USA) npu niune
BostHbI 480 HM. KoHIIeHTpauuio nepekucu Bo-
JI0pOjia B OIBITHBIX Mpo0ax OMpeessiv 1o
KaJMOpOBOYHON KPHBOH.

Cratuctnueckuil ananu3. IlomyueHHbie
JIAaHHbIE CTATUCTUYECKH 0O0pabaThIBaUCh C
HCIIOJIb30BAaHUEM TIaKeTa MPUKIAJAHBIX IPO-
rpamMM «STATISTICA 13.0» (Stat Soft, USA).
Pe3ynbraThl HCCe10BaHUS IPEACTABIEHBI KaK
CpelHee 3HAUY€HUE CO CTaHJapTHOW OLIMOKOM
(M#m). [nga ompeneneHuss CTaTUCTHYECKU
3HaYMMBbIX pa3IMYMi MeXay TIpyINmamHu Hc-
nosib3oBatcs t-kpurepust CteronenTa. Pasznu-
YUsI MEXy TPYIIIaMH CYUTAINCh CTaTUCTHYE-
CKY 3HauuMbIMHU I1pu p<0,05.

PesyabTaThl. B pesynbrare ananusa no-
JYYEHHBIX JJAHHBIX 3KCIIEpUMEHTa ObLIO orpe-
nenero cootHomenne GSH/GSSG. [lannbie
BocctaHoBieHHoro (GSH) u okucieHHoro
rinytatuoHa (GSSG) moka3anu 3HaYUMBIE pa3-
JINYUS MEXK]y KOHTPOJIBHOW TPYNION U TPyIl-
namMH ¢ CyOXpOHHUYECKOW MHTOKCUKAIEH TH-
pamowm (taba. 1).
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Tabauya 1
Bunsinne cy0OXpoHMYecKOH HHTOKCHUKAIMM THPAMOM M KOPPeKIMH BUTAMUHOM A u pactopomniueii Ha cooTHomienne GSH/GSSG !
Table 1
Effect of subchronic intoxication with thiram and correction with vitamin A and milk thistle on the GSH / GSSG ratio
IInazma xkpoBu PoToBas JkHuaKoOCTh
ITokazaTenn GSH, mkg/ml, GSSG, mkg/ml, GSH/GSSG GSH, mkg/ml, GSSG, mkg/ml, GSH/GSS
(M £ m) (M £ m) (M £m) (M £ m) G
I'pynna 1. Konrpons 148,43+14,16 0,69+0,06 215,11 256,98+25,89 1,50+0,15 171,32
I'pynma 2. MHTOKCHKAIUSA 7-€ CyTKH 90,15+9,38*** 1,430, 14%** 63,04 160,31+£16,63** 2,79+0,27**%* 57,45
I'pynma 3. MaTOKCHKanus 14-¢ CyTKu 81,52+8,44*** 1,76+0,17*** 46,31 148,03+14,90*** 3,05+£0,32%** 48,53
I'pymma 4. MaTOKCHKanus 21-e cyTku 60,94+6,21 *** 1,93+0,19%** 31,57 128,42+13,13*** 3,79+0,40%** 33,88
I'pynna 5. MaTokcuKkanus 28-e CyTKu 56,33+6,90*** 2,28+0,22%** 24,71 112,94+11,53%%%* 3,92+40,41%** 28,81
I'pynma 6. MHTOKCHKAIUS+OOBIYHAS e/1a 90,3249, 24%** XX 1,99+0,20%*%* 45,38 127,93+£12,98%*%* 2,76+0,30%**X 46,35
I'pymma 7. UHTOKCHKAIUsA+BATAMEH A 153,07£15,10%*#XXX 0,45+0,04 ***XXX 340,15 264,30+27,53 #*#XXX 1,54+0,]5%*#XXX 171,62
I'pymma 8. HTOKCHKAIMA+pacTOpOIIIIa 136,82+13,5] **XXX 0,74+0,07***XXX 184,89 233,88425,59#*#XXX 1,69+0,] 7*#XXX 138,39

IMpumeuanue: J[aHHBIC TPEACTABIISAIOT COOOM CpelHee 3HAYeHHE + craHmapTHas ommbka. ** — p<0,01 Mo cpaBHEHHIO ¢ KOHTPOJBHOM rpymmoii; *** — p<0,001 mo cpaBHEHHUIO C

KOHTPOJBHOW Tpymmoit; X — p<0,05 1m0 cpaBHEHHIO ¢ TPYNION «Tupam 28 cyT.»; XX — p<0,01 mo cpaBHEHMIO ¢ IPyNION «THpaM 28 CyT.»,

«tupam 28 cyT.».

XXX,

- p<0,001 mo cpaBHeHHIO ¢ rpymHmoit

Note: Data represent mean + standard error. ** — p <0.01 compared with the control group; *** — p <0.001 compared with the control group; X — p <0.05 compared with the group
"Thir. 28 days"; *X — p <0.01 compared with the group "Thir. 28 days", *** —p <0.001 compared with the group "Thir. 28 days".
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[Ipumenenue Tupama MpUBENIO K 3HAYU-
TEJIbHOMY CHMXKEHMIO nokazarene GSH u no-
BeimIeHUIO 3HadeHuii GSSG, kak B Iuiasme
KpOBH, TaK U B POTOBOM >KUAKOCTH. Makcu-
MajbHble HM3MEHEHHsS OBLUIUM JIOCTUTHYTHI B
rpynne 5. Ha 28 neHb MHTOKCHKALMU B IU1a3Me
KpPOBH 3HaUY€HUE BOCCTABJIIEHHOTO IIyTaTHOHA
CHU3UJIOCH B 2,63 pa3a, B pOTOBOH KUIKOCTH
— B 2,27 pa3a. OKUCIEHHBII TIJIyTaTUOH B
rpymnmne 5 yBeJIuuuics B masme B 3,3 pasa, B
poToBoil )uakoctu — B 2,61 paza. Bo3zspat k
CTaH/IaPTHOMY pAIOHY IOCJIe MPOBEACHUS
CyOXpOHUYECKOM WHTOKCHUKALIMKM THUPAMOM
MIPUBEJ K HE3HAYUTEIIbHOMY BOCCTaHOBJICHUIO
HCCIeAyeMbIX IOKa3zarenen. B miasme kposu
GSH u3menuics B 1,6 paza 1o OTHOLIEHUIO K
rpynne 5 u B 1,64 pa3a 110 OTHOLLIEHUIO K KOH-
TPOJBHBIM 3HAYEHUSIM, B POTOBOM KHUJIKOCTH:
B 1,13 paza u B 2,01 pa3a, cOOTBETCTBEHHO.
GSSG B mua3me KpoBH ObUT BOCCTAHOBIICH B
1,14 pa3a o OTHOIIEHUIO K 3HAUYEHUSM I10JIy-
YEHHBIM B rpymnmne 5 u B 2,88 pa3a 1o oTHoI1e-
HUIO K 3HaueHusM B rpynne 1. [Ipu uccneno-
BaHWU OKHCJIEHHOTO TJIyTaTHMOHA HabIo/a-
Jach AHAJIOTMYHAs TEHACHLUMS: B IIJIa3Me
KpOBM 3HAY€HMS U3MEHUIUCH B 1,42 paza u B
1,84 pasa, coorBeTcTBeHHO. [IpuMeHeHne Bu-
TaMHUHa A TO3BOJIMJIO MOJHOCTBIO BOCCTaHO-
BuTh nokazarenu GSH u GSSG 10 KOHTpOIb-
HBIX 3HAY€HUI B Tu1azMe KpoBu. OgHAKO IpH
UCCJIEIOBAaHUM POTOBOW JKUIKOCTH /10 KOH-
TPOJBHBIX 1HU(P ObUT BOCCTAHOBJIEH TOJBKO
GSH. B rpynme 8 KOHTpOJIbHbBIE 3HAYCHUS HE
ObUIN JIOCTUTHYTHI HU B OJTHOM U3 00Pa3LIoB.

CooTHoOIIEHHE BOCCTAHOBJIEHHOTO H
OKHUCJIEHHOTO TJIyTaTUOHA CHHXKAJIOCh Ha IPO-
TSOKEHUU BCEro Iepuojia MOJEIUpPOBaHUS
CyOXpOHMYECKONH HMHTOKCHUKAIIMA THPAMOM B
IJ1a3Me KPOBH M POTOBOM XKUJIKOCTH. Makcu-
MajbHbIE W3MEHEHUs ObUIM OTMEUYEHBI B
rpynne 5: B IUIa3Me€ KPOBH COOTHOILIEHHE
GSH/GSSG cuusunocs B 8,71 pasa, a B poTo-
BOM XKHUJKOCTH — B 5,95 pasa, 10 OTHOIIEHUO
K KOHTPOJIbHBIM 3HaueHUsIM. He3HauutenpHoe
BOCCTAHOBJICHHE HCCIIEAYEMOT0 COOTHOLICHUS
OTMEYAJIOCh IPHU MEPEXOJE K CTaHIAPTHOMY
palyoHy Mocjie MPOBEIEHUS WHTOKCUKALUU
Ha NMpoTsKeHUU 28 aHeil. B mia3me 3HaueHue
W3MEeHWIOCh B 1,84 paza mo OTHOLIEHHIO K

rpynne 5 v B 4,74 pa3za no OTHOIIEHUIO K KOH-
TPOJBHOMY ITOKa3aTento. B cpaBHeHuu ¢ rpyn-
oM 5 B POTOBOM KHMJIKOCTH COOTHOLIECHHE
GSH/GSSG BoccranoBuiock B 1,61 pasa, a o
oTHomeHuto K rpynmne 1 — B 3,69 paza. Ilpu
IIPOBEJICHUM  AHTUOKCUJIAHTHOM  Tepanuu
HauOOJIBIINKA BOCCTAHOBHUTEIBHBIA 3P PEeKT
ObLT OTMEYEH B Ipymiie 7, Tie IPOU301LIO HOJI-
HO€ BOCCTAHOBJIEHHE OajlaHCa MEXIy BOCCTa-
HOBJICHHBIM U OKHCJIEHHBIM INIyTaTHOHOM, I10
OTHOLICHHUIO K KOHTPOJBHOW TIpyMIe, KaK B
IJ1a3Me KpOBU TaK U B POTOBOM KUAKOCTH.
DKCTpaKT pacTOPOMIIBI TaKKe 00JIaaeT BbI-
PaXXEHHBIM AHTHOKCUJAAHTHBIM JE€HCTBUEM, HO
3HAYEHUS! KOHTPOJIbHOM I'PYMIbI JTOCTUTHYTHI
He ObUIH.

B tabnune 2 ykazansl usmenenus GPX
n GSR.

[Ipn uccnenoBaHMM aKTUBHOCTH aHTH-
OKCHJIAHTHBIX ()EPMEHTOB IMOKa3aHO, YTO Ka-
TAJIUTUYECKAsl aKTUBHOCTh INIyTaTHOHPEIYK-
Ta3bl HA MPOTSKEHUU BCETO MEPUOJA XPOHU-
yeckod nHTokcukauuu TM/IT yBennunBanace
1 Ha 28 CYTKM JIOCTHUIJIa MAaKCUMAJIbHBIX 3Ha-
YeHUH (B IJ1a3Me KPOBU yBEJIIMUYEHHUE MTPOU30-
10 B 2,66 pasa, B pOTOBOM KUJIKOCTH — B 2,25
pa3a, B CpaBHEHUU C Ipynmnoi konTposs). [lpu
IIEpEeX0/ie Ha CTaHJAPTHBIN palMOH 3HAYCHUS
GSR He3HaUUTETHHO U3MEHWINCH U B IJIa3Me
KPOBH U B pOTOBOM KHUAKOCTH. Ilocie mpose-
JICHUs] aHTUOKCHUJAHTHOM Tepaluyd BUTaMU-
HOM A aKTMBHOCTb IJIyTaTHOHIIEPOKCHJA3bI
3HAYUTENIBHO OblJIa BOCCTAHOBJIEHA B POTOBOI
KHUAKOCTU M JIOCTHUIVIA KOHTPOJIBHBIX 3Haue-
HUW B 1u1azMe KpoBH. [Ipy npumMeHeHnn 3kc-
TpaKTa pacTOPOINILIN BOCCTAHOBIEHHUE 10 KOH-
TpOJabHBIX 3HaueHui GSR oTMeueHo He ObLIO.

Maxkcumanbable 3HaueHuss GPX Obun
JOCTUTHYThl Ha 28 CYTKH CyOXpOHMYECKOM
MHTOKCUKalUH (B 1a3me kposHu B 1,42 pasa, B
pOTOBOI1 kHIKOCTH B 2,09 pa3a BbIlIE B CpaB-
HeHuu ¢ rpynnoit 1). IlepeBoa *KMBOTHBIX Ha
OOBbIYHOE MUTAaHUE HE3HAYUTENIbHO CHU3UIIO
nokazarenb GPX. B minaszme kposu GPX nzme-
Hwics B 1,12 pa3a mo OTHOIIEHUIO K TpyIIe
5 u B 1,25 pa3a no oTHoOUIEHMIO K rpynme 1; B
poToBoM xuakoctu: B 1,32 pazau B 1,58 pa3a,
COOTBETCTBEHHO.
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Tabauya 2
Biansinue cyOXpoHHYeCKOi MHTOKCUKALMHA THPAMOM M KOPPEeKUMH BUTAMUHOM A U pacroponiueii Ha moka3ateian GPX u GSR
Table 2
Effect of subchronic intoxication with thiram and correction with vitamin A and milk thistle on GPX and GSR
HokazaTens Ilna3zma kpoBu PoroBas xuakocTb
GPX, mU/mL, (M £+ m) GSR, mU/ml, (M £+ m) GPX, mU/mL, (M £ m) GSR, mU/ml, (M £ m)
I'pynna 1. Konrpons 40,12+4,75 4,75+0,53 23,94+2,43 3,11+0,33
I'pymma 2. MHTOKCHKAIUA 7-€ CyTKH 59,65+5,95% 7,23+0,73%* 40,13+4,07*** 5,37+0,59%**
I'pynma 3. MaTOKCHKanus 14-e cyTku 61,73+6,56* 9,39+0,93*** 45,77+4,96%** 5,98+0,62%**
I'pynma 4. MaTOoKCHKanus 21-e CyTKu 58,42+6,77* 11,44+£1,21%%* 47,4444 82 *** 6,31£0,63%**
I'pymma 5. MaTOKCHKAIUS 28-€ CYyTKH 56,98+5,44* 12,64+1,24%** 50,21+5,41%** 7,02+0,72%**
I'pynma 6. MHTOKCHKAIUS+OOBIYHAS e/1a 50,54+5,46 12,46+1,26%** 37,9243,91** 6,92+0,72%**
I'pynma 7. MHTOKCHKaNUs+BUTAMHUH A 30,31£3,46% XXX 3,80+0,37##*XXX 19,03£1,99%*#XXX 3,36+0,49*XX
I'pymma 8. HTOKCHKAIMA+pacTOpOIIIIa 45,29+4.92 5,81+0,60%**XXX 26,62+2,93*%XX 4,6540,34%**XXX

[Ipumeuanue: JlaHHBIC IpEACTABIAIOT cO0OM cpeTHee 3HaUCHHE + cTaHmapTHas ommoka. * - p<0,05 mo cpaBHEHHIO C KOHTPOJIBHOM rpymimoi, ** - p<0,01 mo cpaBHEHUIO C KOHTPOIEHON
rpymnmoii, ¥** - p<0,001 o cpaBHEHHIO ¢ KOHTPOIBLHOMU rpymmoit; XX - p<0,01 mo cpaBHEHHIO ¢ TPyNOH «THUpam 28 cyT.», XXX - p<0,001 10 cpaBHEHHUIO ¢ TPYIION «THpaM 28 CyT.».
Note: Data represent mean =+ standard error. * - p <0.05 compared with the control group; ** - p <0.01 compared with the control group; *** - p <0.001 compared with the control
group; XX - p <0.01 compared with the group "Thir. 28 days"; XX - p <0.01 compared with the group "Thir. 28 days", *** - p <0.001 compared with the group "Thir. 28 days".
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Ilocne MHTOKCHKAIIMH IIPOBCACHUEC aH-
THOKCHIAHTHOM TCpaIiuyu BUTAMHUHOM A m dKc-
TPaKTOM PACTOpPOIIIIN a1 MOJIOKUTEIIbHBIN
pe3yibTaT MO0 CHUXXCHUIO aKTUBHOCTH TIJIyTa-
THOHIICPOKCHUAA3bl, HO MIPUMEHECHUEC PETHHOJIA

areraTa Iokas3aio 00y 3()PEeKTUBHOCTD
Y TIPUBEJIO K €€ MOJIHOMY BOCCTAHOBJICHHIO JI0
KOHTPOJIbHBIX 3HAYCHH B IJ1a3Me KPOBU U PO-
TOBOU JKHUJIKOCTH.

B tabnuue 3 yka3zanbsl uamenenusi ROS.

Tabauya 3

Bansinue cyOXpOHHYECKO! MHTOKCUKALMHA THPAMOM M KOPPEeKUMH BUTAMUHOM A

U pacToponiei Ha noka3areab ROS

Table 3
Influence of subchronic intoxication with thiram and correction with vitamin A
and milk thistle on ROS
Iliia3ma kpoBu PoroBas xKHIAKOCTH
Ioka3aTten
ROS, mkmol/L, (M £ m) ROS, mkmol/L, (M £ m)
I'pynna 1. Konrposns 0,26+0,02 26,98+0,47
I'pymma 2. HTOKCHKANUSA 7-€ CyTKH 0,50+0,05*** 45,81+4,73***
I'pynmna 3. MuToKcuKaius 14-¢ cyTku 0,61£0,06%** 49,6944 ,99%**
I'pynma 4. UaTokcukaius 21-e CyTku 0,72+0,07%** 53,71+5,67***
I'pymma 5. MaTOKCHKANNA 28-€ CYyTKU 0,85+0,08*** 55,06+5,68***
['pynmna 6. UHTOKCHUKAaMsA+OOBIYHAS e11a 0,64+0,06%**X 51,88+5,40%**
I'pynna 7. UHTOKCUKAMA+BUTAMUH A 0,2840,02#**XXX 25,2242, 85%**XXX
I'pymma 8. MHTOKCHKAIHUA-+HpacTopoIma 0,3040,03%##XXX 33,2443,67##XXX

[Mpumeuanue: JlaHHBIC TIPEACTABIAIOT cCOOON cpeHee 3HAUCHNE + CTaHAapTHas ommuoOKa. *** - p<0,001 mo cpaBHEHUIO

C KOHTPOJILHOM rpymnmoit; X - p<0,05 1o cpaBHEHUIO ¢ TPYIIIOH «THpaM 28 CyT.»;

«tupam 28 cyT.».

XXX _p<0,001 1o cpaBHeHHUIO ¢ rPyNOii

Note: Data represent mean + standard error. *** - p <0.001 compared with the control group; XX - p <0.01 compared
with the group "Thir. 28 days"; X - p <0.05 compared with the group "Thir. 28 days", **X - p <0.001 compared with the

group "Thir. 28 days".

B pesynbpraTe cyOXpOHHYECKOW WHTOK-
cukaunuu TM/IT B masme KpoBU U POTOBOU
KUJIKOCTH Habmonanoch yBenuueHue ROS.
MakcuManbHbIX 3HAYEHWM ATOT IOKAa3aTeib
noctur Ha 28 cyTku. B 6 rpynne akTUBHOCTb
CBOOOJHBIX PATUKAIOB CHU3MUJIACh HE3HAUU-
TENBHO 10 OTHOIICHHUIO K Tpynme 1 (B miazme
KpoBH — B 2,46 pa3a; B pOTOBOM KUAKOCTH — B
1,92 paza) u mo oTHomeHUIO K Tpymnme 5 (B
m1asme Kposu — B 1,32 pa3a; B pOTOBOM KM
koctd — B 1,06 pa3za). B 7 rpynme npu npume-
HEHUU II0CJI€ MHTOKCUKAalMU BHTaMuHA A B
KauecTBE aHTHOKCHJAHTa MOKa3aTeab CBOOO -
HBIX pPaJUKajOB CHU3MJICS 10 KOHTPOJBbHBIX
3HAQYE€HHUI TOJIBKO B POTOBOM XKUAKOCTH. Ilo-
CJIe IPUMEHEHUS dKCTPaKTa paCTOPOIIIIH B Ka-
YecTBE aHTHOKCH/IaHTa [TOKa3aTelb CHUXKAJICH,
HO KOHTPOJIBHBIX 3HAUEHUI HE JOCTUT HU B O]~
HOM U3 00pas3IioB.

Oocy:xnenmne. Ilocrynuenne B opra-
HU3M TECTULHIHBIX IpPErnapaToB OKa3bIBaeT

TOKCHYECKOE BO3JIEHCTBUE TOCPEICTBOM 00-
pa3zoBaHusl aKTUBHBIX (opM kuciopona. [lo-
naBieHue oOpa3oBaHMsI CBOOOIHBIX pajihKa-
JIOB TMPOMCXOJIUT 32 CUET BHIPAOOTKH aHTHOK-
CUJAHTHBIX (PEPMEHTOB, OJIHUM U3 KOTOPBIX
SIBJISIETCSl TIyTaTHOHIIEpoKkcuaasa. Hamu mo-
Ka3aHo, YTO BBeJeHHE (QYHTHUIMIHOTO Tpena-
paTta THpaM Ha NPOTSKEHUU 28-U CYTOK MpHU-
BOJIUT K 3HAYUTEIIbHOMY YBEIIMUYECHHUIO COJIEP-
kaausg ROS, moBwimenuro aktuBHOCTH GPX,
GSR (p<0,05).

B mmazme KpoBU U pOTOBOM KUIAKOCTH
YKUBOTHBIX BO BPEMs MOJICTTUPOBAHUS CyOXpoO-
Hu4eckol uHTtokcukanmu TMJ[T oTMeuanoch
camwkenne cootHomennss GSH/GSSG. Hc-
M0JIb30BaHHUE BUTAMHHA A M SKCTPAKTa pacro-
POMIIIN B T€UEHHUE 28 CYTOK ITOCIIE IPOBEICHUS
IKCIIEPUMEHTAILHON CYOXpOHHUECKON NHTOK-
CHKallUM, TIPUBEJIO K BOCCTAHOBJICHUIO TOKa-
3aTeneil akTUBHOCTH HCCIEAyeMbIX (epMeH-
TOB. [Ipn KOppeku BUTaMUHOM A 3HAYEHUS
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GSH, GSSG u coornomenne GSH/ GSSG
OBUIO TOJHOCTBIO BOCCTAHOBJICHO JI0 KOH-
TPOJBHBIX 3HAYEHUI, a MCMHOJIb30BAaHUE IKC-
TpakTa pacTOPOMIIM IMPHUBEIO IMOKA3aTEIH K
3HAYEHUSIM MAaKCHUMAaJbHO MPUOIMKEHHBIM K
KOHTPOJIbHBIM.

Panom mccnemoBareneidl moka3aHo, YTO
cHmwkenue konuuecta GSH B kiieTkax sBiis-
JIOCh pe3yabTaToOM AeicTBUA TUpama. OqHaKo
710 KOHIIA HEe OBLIO M3Y4YEHO BIUSHUE THpama
Ha (hepMEHTATUBHOE 3BEHO aHTUOKCUJIAHTHOM
CUCTEMBI U HE MOKa3aHO, KaK U3MEHSETCS CO-
OTHOIIEHNE BOCCTAHOBJICHHOTO TJIyTaTHOHA K
OKHUCJIGHHOMY TOCJ€ IPOBEACHHS] MHTOKCHKA-
LU THPAMOM, a TaKXKe IMOCJIe TPUMEHEHUS aH-
TUOKCUIAHTHOM Tepanum.

Herokcukanus APK npoucxoaur c no-
MOIIbIO (PepPMEHTATUBHOM CHUCTEMBI (4epes
TIIyTaTHOHTIEpOKCcHaa3y). UpesmepHoe oOpa-
3oBaHue GSSG omacHO 11 KIETOK oOpra-
HU3Ma, TaK KaK U30BITOK OKHUCJICHHOTO TIIyTa-
THOHA MPUBOJAUT K HcTomeHuto oodmero GSH,
YTO MBI HaOJIOAaM HA 28 CYTKHM MHTOKCHKA-
uuu tupama. Y nanenre GSSG cBsA3aHO C yBe-
JUYECHUEM AaKTUBHOCTU TJIYTaTHUOHPETYKTa3bl
(GSR), xoropas nmpespamiaer GSH u3 GSSG B
HAJI®H 3aBucumoii peakiuu [12]. B nameit
pabote oTmeueHo, uto ypoBeHb GSSG u ak-
TUBHOCTh GSR 0/JHOBpEMEHHO yBeIMUYMBa-
IOTCS TIOCJIE TIPUMEHEHUsI THpaMa o CpaBHe-
HUIO C KOHTPOJBHBIMU 3HaUeHUSIMU. [lox0xme
pe3yNbTaThl ObUIH MOMYyYEHbI U MIPU TPUMEHE-
Huu TUpama B o3¢ 150 Mxr [9]. Hecmotps Ha
nosellIeHHBIE YpoBHU GSSQG, a Takke akTUB-
HocTh GSR, cootHomenne GSH/GSSG npu
WHTOKCHKAIIUU ObUIO 3HAYUTEILHO HIDKE, YeEM
B KOHTPOJIBHOW TPYyTIE, YTO TOBOPUT O HUCTO-
IIEHUM  AaKTUBHOCTH  AHTHOKCHUAAHTHOTO
Oapbepa.

Bo Bpems npoBeaeHus HHTOKCUKALUU B
MJ1a3Me€ KPOBU OTMEUAETCsl MOCTETIEHHOE CHU-
xeHue akTuBHOCTh GPX, uTo BeposiTHO Hapy-
maet npouecc nepexona H.O, B H,O. Hakon-
nenune H,O», BieueT 3a coboit BHICOKOE TIPOU3-
BoJicTBO OH paaukaiios, 4To B CBOIO OY€pE/lb
MOATBEPXKJIAETCA  YBEJIMYECHUEM  3HAUYCHUS
ROS B Teuenue Bcero mepuoma MHTOKCHKA-
un. bimom u @punosud (1985) oOHapyxuu,
yT0 akKTUBHOCTh GPX MOXeT OBITh MHAKTUBH-
pOBaHa B YCJIOBHSIX OKHCIUTEIBHOIO CTpecca

CYNEPOKCH/I-AaHUOHOM U TOKCHUYHBIMU JIMTaH-
JlaMU, TaKUMU KaK MaJIOHOBBIM AHaJIbJIETHU],
KOTOPbIE MOTYT YaCTUYHO MOAABIISIIOT AKTHB-
HOCTb TJIyTaTHOHNEpoKcHuaassl [11].

PoroBas monocts siBiI€TCA MEPBOU JIH-
HUEW 3alIUThl OT JCHCTBUS KCEHOOMOTHKOB
MpU UX MOCTYIUIEHUH B opranusMm [19]. Ilpu
YBEJIMYEHUH TPOU3BOJICTBA AKTHUBHBIX (POpM
kucinoposia (APK) u cHUKEHUU KaTaluTuye-
CKOI aKTUBHOCTH aHTHOKCHUJIAHTHBIX (pepMeH-
TOB MOXXET MPOUCXOUTH OKUCIUTEIHHOE T0-
BpPEXICHUE KJIETOUYHBIX KOMIIOHEHTOB, KaK B
CIIIOHHBIX Keje3aX, Tak W B TMapoOJOHTE
[20, 21]. OKuCAUTEIBHBIA CTPECC UTPAET OC-
HOBHYIO pPOJIb B TATOreHE3e TUCHYHKITUU
CIIFOHHBIX JKeJle3, KCepOCTOMUHM, TAPOJOHTHUTA,
MPEAPAKOBBIX COCTOSIHUHM M paka MOJIOCTH pPTa
[22, 23]. IloaTOoMy pOTOBas )KHAKOCTb MOYKET
paccMaTpuBaThCS Kak CBOCOOpa3HbIN HHINKA-
TOp TMPOOKCUIAHTHO-aHTHOKCHJIAHTHOTO Oa-
JIaHCa KaK B POTOBOM IMOJIOCTH, TaK U B Opra-
HU3ME B 1IeJIOM. B Hamem uccieioBaHuu 1o-
Ka3aHO, YTO OKHCIIUTEIBHBIN CTpecc B POTO-
BOH TOJIOCTU BBI3BIBAET OoJiee 3HAUMMBIE W3-
MEHEHHSI B CHCTEME AaHTUOKCHIAHTHOW 3a-
IIUTHI, YeM B IJIa3Me KPOBU: OTMeuaeTcs 6o-
nee Beicokas koHneHtpauuss GSH, GSSG u
ROS, a npu nposenenuu hapmMaxoIorudecKoi
KOPPEKIUU PACTUTEIbHBIE aHTUOKCUJIAHTHI B
POTOBOI1 KUAKOCTH B OOJNBIIECH CTENEHU MPO-
SIBJISIIOT @HTUOKUCITUTEIbHBIE CBOWCTBA.

3akiouenue. B HacrodieMm uccieno-
BaHWHM, HAMU YCTAaHOBJIEHO, YTO TMEPEXOJ] K
CTaH/IapTHOMY DALMOHY TOCJIe CyOXpoHHYe-
CKOW HHTOKCHKAIlMM TI03BOJISIET HE3HAYH-
TEJIbHO BOCCTAHOBUTH KOHTPOJIbHBIE 3HAUECHH S
BCEX MCCIEIYyEeMBIX IOKa3arejaeil. DTo sBIs-
€TCsl CIIEICTBUEM BKJIIOYEHUS KOMIIEHCATOP-
HBIX MEXaHU3MOB OpraHW3Ma, HAIPaBJICHHBIX
Ha OOprOy C HETaTUBHBIMU MOCIEACTBUSIMHU
OKHCIUTENBHOTO cTpecca. Mcnonb3oBanue Bu-
TaMHUHAa A, a TakXe JKCTpaKTa pPacTOPONIIN
MPUBENIO K 3HAYUTEIILHOMY BOCCTAHOBJICHHUIO
cucteMbl AO3 10 ypoBHS KOHTPOJIbHBIX 3Ha-
YeHU. 3HAYUTEJIbHbIE W3MEHEHUS B HAILIEM
WCCIIeIOBAaHUH OBUTH OTMEYEHBI TPH TIPUMEHe-
HUM BUTAaMUHA A, 9TO TIOJTBEPXKIAET €ro BbI-
COKHE aHTHOKCUJaHTHBIE cBoMcTBa. [lonyuen-
HBIE PE3YyJbTaThl MOTYT OBITH WCIIOJH30BaHbI
MpU MPOBEJCHUN AHTHOKCUAAHTHOW TEpamuu
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Abstract

Background: Coronavirus Disease-19 (COVID-19) has a global impact. The laboratory assessments
in Covid-19 illness help in better understanding the disease pathophysiology useful in screening
asymptomatic individuals to diagnosis, prognosis and monitoring the affected patients. The aim of
the study: To observe the association between biochemical and inflammatory parameters among the
hospitalised COVID-19 patients of different clinical severity. Materials and methods: This was a
retrospective study carried out with the approval of the Institutional Ethics Committee. The study
included patients over 18 years, hospitalised with COVID-19 infection, grouped into three severity
groups, admitted to ward, high dependency unit or intensive care unit between May to September
2020. Data collection was carried out by manual perusal of inpatient case sheets, computerised pa-
tient data system and transcription database for discharge summaries. The biochemical and inflam-
matory markers like plasma glucose, renal function tests, serum electrolytes, liver function tests,
erythrocyte sedimentation rate (ESR), C-Reactive protein (CRP), d-dimer, ferritin, Lactate dehydro-
genase (LDH) at the time of admission were collected. Data was expressed as mean and standard
deviation or median and range. ANOVA test followed by post hoc (Tukey) test, Pearson correlation
and Receiver Operating Characteristics (ROC) Curve analysis were performed. Results: Significant
correlations were observed between the mild and moderate-severe illness groups with respect to fast-
ing plasma glucose, blood urea nitrogen, creatinine, direct bilirubin, total protein, albumin, ferritin
and LDH. The AUC was the highest for LDH at 0.64 followed by blood urea nitrogen to creatinine
ratio at 0.62. Conclusion: High levels of renal function parameters were potential predictors of acute
kidney injury among patients with COVID-19. Fasting plasma glucose, serum albumin, LDH, Blood
urea nitrogen (BUN) and BUN-creatinine ratio are better indicators of the severity of the disease with
multiorgan dysfunction.

Keywords: COVID-19; SARS-CoV2; acute kidney injury; liver impairment; ferritin; angiotensin
converting enzyme 2; electrolyte alteration; lactate dehydrogenase
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Introduction. The severe acute respira-
tory syndrome corona virus 2 (SARS-2), de-
fined as Coronavirus disease 2019 (COVID-
19) by the WHO, causes acute respiratory dis-
ease. Clinically, almost 80% of the COVID-19
patients are asymptomatic or having mild in-
fection, while 13.8% have severe disease and
6.1% have critical life-threatening disease re-
quiring hospital admission mostly with inten-
sive care support [1, 2]. Individuals over the
age of 65 years those with associated co-mor-
bid conditions such as diabetes mellitus, hyper-
tension, Coronary Artery Disease (CAD),
Chronic  Obstructive Pulmonary Disease
(COPD) and obesity are highly susceptible to
severe form of the disease. Early screening and
identification of these risk factors will avert the
chances of developing severe disease, thereby
reducing the morbidity and mortality [3].

Assessment of biochemical alterations
induced by the COVID-19 infection could help
in better understanding of the disease patho-
physiology which could help the clinicians in
both assessment and treatment of the affected
patients. With surging new cases causing out-
stretched health care systems with limited re-
sources, risk stratification becomes crucial in
identifying patients requiring intensive care
support or hospital admissions.

The aim of the study. Hence this study
was conducted to study the biochemical alter-
ations and their association with inflammatory
parameters among the hospitalised COVID-19
patients of different clinical severity.

Methods. The index study was a retro-
spective study carried out at a tertiary care
teaching hospital in India. The study popula-
tion consisted of patients over 18 years of age,
hospitalised with COVID-19 infection, con-
firmed by RT PCR of nasopharyngeal swab.
They were admitted to the ward, high depend-
ency unit and intensive care unit between May
to September 2020.

Patients were classified into three groups
based on the clinical severity as the following:

Group-1: Mild disease — defined as pe-
ripheral oxygen saturation >94%

Group-2: Moderate disease -defined as
peripheral oxygen saturation between 90-93

Group-3: Severe disease -defined as the
peripheral oxygen saturation less than 89%

Data collection was carried out by man-
ual perusal of inpatient case sheets, computer-
ised patient data system and transcription data-
base for discharge summaries. Details of their
demographic parameters, presentation symp-
toms like fever, throat pain, cough, breathing
difficulty, anosmia, diarrhoea, myalgia etc, bi-
ochemical laboratory test reports such as
plasma glucose, renal function tests, serum
electrolytes, liver function tests, inflammatory
markers like ferritin and Lactate dehydrogen-
ase (LDH) done at the time of admission were
collected. The primary outcomes of interest in
this study were the clinical severity, elevated
inflammatory markers and abnormal biochem-
ical parameters. The study was approved by
the Institutional Ethics Committee (IEC-
NI/20/AUG/75/49, dated 08-08-2020).

Data were expressed as mean and stand-
ard deviation or median and range. An
ANOVA test followed by post hoc (Tukey) test
was done to compare the variables between the
groups and Pearson correlation to obtain the
association between the variables. Receiver
Operating Characteristics (ROC) Curve analy-
sis was performed to the estimate area under
curve (AUC) with 95% confidence interval
and cut off point was obtained according to the
Youden index. All statistical analyses were
conducted using SPSS Software version 16. P
value of <0.005 was considered to be statisti-
cally significant.

Results. In the present study, a total of
996 patients with confirmed COVID-19 (338
males and 651 females) were included in the
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analysis of biochemical abnormalities. Out of
the 996 included patients, 855 patients
(85.89%) had mild, 67 patients (6.73%) had
moderate and 74 patients (7.43%) had severe
COVID-19 infection. The median age of the
patients was 50.02+14.55, 58.53+15.68 and
57.05+12.73 years among the mild, moderate
and severe patients respectively. Among the
996 patients, 54% patients had one or more co-
morbidities. The most common comorbidities
were diabetes mellitus in 487 (48.9%) and sys-
temic hypertension in 345 (34.6%).

The common presenting clinical features
were fever, throat pain, cough, dyspnoea, diar-
rhoea, anosmia, myalgias. Compared to the
mild group, both moderate and severe groups

were significantly older in their age and were
more likely to have underlying medical condi-
tions (62.92% in the mild group vs 86.57% in
the moderate group and 86.49% in the severe
group). Table 1 compares the baseline charac-
teristics of the patients among the mild, mod-
erate and severe COVID-19 infections. As the
glycaemic control worsened the severity of the
disease progressed. The severe disease was ob-
served more among the patients with autoim-
mune diseases, coronary artery disease, kidney
disease and chronic airway disorders, while
systemic hypertension and malignancies were
observed at higher frequencies among the pa-
tients with moderate disease.

Table 1
Characteristics of patients with COVID-19
Demographics Mild Moderate Severe

n=997 n=855 n=66 n=76
Age (years) mean+SD 50.02+14.55 58.53+15.69 57.05+12.73
Sex Male n (%) 554 (64.79) 51(77.27) 49 (64.5)

Female n (%) 301 (35.20) 15 (22.73) 27 (35.5)
Comorbid Diabetes mellitus n (%) 422 (49.36) 42 (63.64) 51 (67.1)
conditions Systemic HT n (%) 282 (32.98) 32 (48.48) 32 (42.1)

Dyslipidemia n (%) 24 (2.81) 2 (3.03) 3(3.95)

CAD n (%) 53(6.2) 6 (9.09) 13 (17.1)

Kidney diseases n (%) 32 (3.74) 1(1.51) 3 (3.95)

COAD n (%) 22 (2.57) 1(1.51) 22 (28.95)

f;}(‘);‘“mm““e diseases n 45 (5.26) 4 (6.06) 9 (11.84)

Malignancies n (%) 11(1.28) 8(12.12) 4 (5.26)

Obesity n (%) 3 (0.35) - -

Others (anemia, mental

disorders, seizures, elec-

trolyte imbalances, acid 39 (4.56) 4 (6.06) 0(0.0)

peptic disease) n (%)

1:‘(’02‘;“‘""“1 conditions 79 (9.24) 12 (18.18) 8 (10.53)

Note: Data are expressed as Median and Interquartile range except for age which is expressed in both mean+SD and

median and interquartile range.

There were significant differences be-
tween the mild and moderate / severe group in
the variables such as markers of glycaemic
control, inflammatory markers, renal and liver
function tests. Tables 2, 3, 4 show the distribu-
tion of the biochemical markers among the
study participants. Significant correlations
were observed between the mild and moderate/
severe illness groups with respect to fasting
plasma glucose, blood urea nitrogen, creati-
nine, sodium, potassium, bicarbonate, urinary

protein leak, presence of red blood cells in the
urine, direct bilirubin, total protein and albu-
min. The serum electrolytes sodium, potassium
and bicarbonate showed a significant variation
as the disease progressed from mild to severe
disease. Among them serum bicarbonate
showed a very significant variability while the
disease progressed from mild to severe, while
chloride did not exhibit such variation. Similar
findings were noted among the inflammatory
markers such as ferritin and LDH.
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Distribution of renal function parameters and electrolytes among the study participants

Table 2

. Mild Moderate Severe F statistics/ Post hoc test
Variables P value
Median IQR Median IQR Median IQR
Serum BUN (mg/dL) 11.0 3-52 13.0 6-56 14 5-78 26.33/0.001%** Mild vs Moderate:0.24
Mild vs Severe : 0.0001**
Moderate vs Severe: 0.003**
Serum Creatinine (mg/dL) | 0.8 0.2-6.5 | 0.8 0.4-2.5 0.8 0.4-5.5 3.20/ 0.04* Mild vs Moderate:0.96
Mild vs Severe : 0.03*
Moderate vs Severe: 0.11
BUN: creatinine ratio 13.80 0-105 15.0 8.9- 17.80 4.8- 22.13/0.001%** Mild vs Moderate:0.08
50.0 64.30 Mild vs Severe : 0.0001**
Moderate vs Severe: 0.008**
Serum Sodium (mEq/L) 136 115- 136 116- 135 120-142 | 7.82/0.0004** Mild vs Moderate:0.06
150 141 Mild vs Severe : 0.001**
Moderate vs Severe: 0.77
Serum Potassium (mEq/L) | 4.0 2.7-5.9 | 4.05 3.3-5.1 | 4.10 3.0-5.2 4.30/0.01* Mild vs Moderate:0.99
Mild vs Severe : 0.01%*
Moderate vs Severe: 0.08
Serum Chloride (mEq/L) 103.0 87-112 | 103 88-109 | 101.0 91-110 1.59/0.20 Mild vs Moderate:0.71
Mild vs Severe : 0.22
Moderate vs Severe: 0.82
Serum Bicarbonate 25.0 12-32 24 16-30 24 12-30 8.44/ 0.0002** Mild vs Moderate:0.19
(mEq/L) Mild vs Severe : 0.0003**
Moderate vs Severe: 0.34
Urine Protein 0.002** NA
0 469 - 34 - 27 -
1+ 257 - 21 - 22 -
2+ 83 - 7 - 14 -
3+ 31 - 3 - 7 -
4+ 14 - 2 - 6 -
Urine RBC 0.007** NA
0 572 - 39 - 45 -
1+ 145 - 15 - 9 -
2+ 70 - 5 - 10 -
3+ 17 - 2 - 3 -
4+ 19 - 4 - 3 -
17 - 2 - 7 -
Casts 1 0 0 NA

Note: Data are expressed as Median and Interquartile range. **P value: Highly significant; *P value: significant.
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Table 3
Distribution of liver function parameters among the study participants
Mild Moderate Severe F statistics/ Post hoc test
Variables P value
Median IQR Median IQR Median IQR
AST (U/L) 30.0 9-845 29.5 13- 36.0 14- 1.46/0.23 Mild vs Moderate:0.90
156 143 Mild vs Severe : 0.23
Moderate vs Severe: 0.31
ALT (U/L) 26.0 7-449.0 | 24.5 11- 27 9-198 | 0.46/0.62 Mild vs Moderate:0.18
126 Mild vs Severe : 0.01*
Moderate vs Severe: 0.69
AST: ALT ratio 1.19 0.29- 1.24 0.58- | 1.31 0.57- | 2.51/0.08 Mild vs Moderate:0.91
8.19 2.07 2.89 Mild vs Severe : 0.07
Moderate vs Severe: 0.16
ALP (U/L) 73 24- 73 20- 77 36- 0.02/0.97 Mild vs Moderate:0.97
558.0 204 222 Mild vs Severe : 99
Moderate vs Severe: 0.98
Total bilirubin (mg/dL) 0.54 0.15- 0.53 0.2- 0.59 0.28- | 1.97/0.14 Mild vs Moderate:0.97
12.88 2.1 6.98 Mild vs Severe : 0.11
Moderate vs Severe: 0.43
Direct bilirubin (mg/dL) 0.12 0.01- 0.12 0.04- | 0.15 0.04- | 3.69/*0.02 Mild vs Moderate:0.97
6.62 0.96 3.69 Mild vs Severe : 0.01*
Moderate vs Severe: 0.20
Indirect bilirubin (mg/dL) 0.41 0.09- 0.41 0.11- | 045 0.17- | 0.62/0.53 Mild vs Moderate:0.99
6.26 1.46 3.29 Mild vs Severe : 0.50
Moderate vs Severe: 0.76
Total protein (g/dL) 7.10 5.0-8.6 | 6.85 4.6- 6.80 5.2- 15.63/ Mild vs Moderate:0.06
8.6 8.2 0.001** Mild vs Severe : 0.0001**
Moderate vs Severe: 0.12
Albumin (g/dL) 4.0 2.1-5.0 | 3.80 2.3- 3.56 1.9- 34.56/ Mild vs Moderate:0.01*
5.2 4.6 0.001** Mild vs Severe : 0.0001**
Moderate vs Severe: 0.01*
Globulin (g/dL) 3.0 0.54-4.4 | 3.10 2.3- 3.10 1.7- 2.66/0.07 Mild vs Moderate:0.42
43 4.5 Mild vs Severe : 0.15
Moderate vs Severe: 0.06
A:G ratio 1.30 0.6-2.3 1.25 0.9- 1.20 0.4- 19.52/ Mild vs Moderate:0.12
1.9 2.1 0.001** Mild vs Severe : 0.0001**
Moderate vs Severe: 0.01*

Note: Data are expressed as Median and Interquartile range. **P value: Highly significant; *P value: significant.
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Table 4
Distribution of inflammatory markers and glycemic status indicators among
the study participants

. Mild Moderate Severe F statistics/ Post hoc test
Variables P value
Median IQR Median IQR | Median IQR
Ferritin (microg/L) 136.4 0.2- 168.20 6.9- 233.4 4.3- 14.13/ Mild vs Moderate:0.11
1755 4820 7500 | 0.001%** Mild vs Severe : 0.0001**
Moderate vs Severe: 0.06
LDH (U/L) 243.5 10.5- 286.0 117- | 354 124- | 27.34/ Mild vs Moderate:0.11
946.0 645 978 0.001** Mild vs Severe : 0.0001**
Moderate vs Severe: 0.06
Fasting plasma  glucose | 107 34-551 | 117 71- 141 95- 4.87/ Mild vs Moderate:0.43
(mg/dL) 658 416 0.001%** Mild vs Severe : 0.0001**
Moderate vs Severe: 0.0003 **
Postprandial plasma glucose | 202 35-658 | 266 88- 232 119- | 2.83/0.05* Mild vs Moderate:0.05*
(mg/dL) 886 500 Mild vs Severe : 0.68
Moderate vs Severe: 0.50
HbAlc (%) 7.80 1.1- 7.55 4.9- 8.40 5.7- 0.61/0.53 Mild vs Moderate:0.82
15.30 14.7 15.40 Mild vs Severe : 0.66
Moderate vs Severe: 0.51

Note: Data are expressed as Median and Interquartile range. **P value: Highly significant; *P value: significant.
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Similarly, the total protein, serum albu-
min and the albumin-globulin ratio displayed
striking significance between the mild and se-
vere disease. Serum ferritin and lactate dehy-
drogenase showed a very significant difference
when compared between the mild and severe
diseases. Such a striking variation was also
demonstrated by the fasting glucose levels.

Table 5 demonstrates the area under
curve, cut off values along with sensitivity and

specificity of the various biochemical markers
studied. The AUC was the highest for LDH at
0.64 followed by blood wurea nitrogen
to creatinine ratio and fasting plasma glucose
at 0.62 followed by blood urea nitrogen at 0.61.
Fasting plasma glucose had the highest sensi-
tivity of 75% while albumin to globulin ratio
had the highest specificity of 76%.

Table 5
Biochemical markers associated with the disease severity
Variables AUC 95% CI Cut-off Sensitivity (%) | Specificity (%)
BUN 0.61 0.55-0.63 11.50 60 46
Creatinine 0.51 0.46-0.56 0.75 60 59
BUN: creatinine ratio 0.62 0.56-0.67 14.50 60 42
Sodium 0.40 0.35-0.45 135.50 45 57
Potassium 0.52 0.47-0.58 4.05 53 49
Chloride 0.44 0.39-0.49 102.50 42 52
Bicarbonate 0.41 0.35-0.46 24.50 41 59
AST 0.56 0.50-0.61 29.50 59 50
ALT 0.51 0.46-0.56 23.50 57 56
AST: ALT ratio 0.54 0.49-0.60 1.15 57 54
ALP 0.49 0.43-0.55 72.50 54 51
Total bilirubin 0.54 0.48-0.59 0.52 57 52
Direct bilirubin 0.56 0.51-0.62 0.12 57 46
Indirect bilirubin 0.52 0.46-0.57 0.40 57 51
Total protein 0.36 0.31-0.41 6.8 46 67
Albumin 0.31 0.26-0.36 3.8 35 63
Globulin 0.52 0.47-0.57 3.05 54 68
A:G ratio 0.35 0.30-0.40 1.15 56 76
Ferritin 0.58 0.52-0.63 150.0 59 45
LDH 0.64 0.59-0.70 251 69 46
Fasting plasma glucose 0.62 0.56-0.68 170.5 75 51
Postprandial plasma glucose 0.57 0.51-0.63 201.50 57 50
HbAlc 0.51 0.45-0.57 7.55 57 54

Discussion. COVID-19 has a massive
impact globally causing enormous burden on
the healthcare system.

The SARS-CoV2 infection is highly
contagious and carries a high morbidity and
mortality with it [4]. Most of the infected pa-
tients suffer from a less severe form of the in-
fection and have a better prognosis [5], how-
ever, higher mortality is observed among pa-
tients with severe infections. The progress of
the disease is highly unpredictable, ranging
from asymptomatic or mild to very severe dis-

ease. COVID-19 is a multisystem disease af-
fecting almost all organs in the body. Hence
the use of biomarkers could help in the diagno-
sis and management of these patients. An at-
tempt was made to study the common abnor-
malities noted in the biochemical parameters
and their correlation with the disease severity.
The patients with moderate and severe ill-
nesses were older and had more than one co-
morbid condition than the patients with mild
disease. This finding was consistent with pre-
vious studies which suggested both age and co-
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morbid conditions would be strong risk factors
for poorer outcomes [6, 7].

Renal function alterations in the form of
elevated blood urea nitrogen (BUN), raised
creatinine and increased BUN: creatinine ra-
tios have been reported in previous studies
among patients with COVID-19 infection. A
significant increase was observed in the index
study in BUN, creatinine and BUN: creatinine
ratio among the severe cases compared to the
mild patients. The likely mechanisms for this
could be the kidney tubular cells, that express
the ACE2 receptor on their surface get directly
infected with SARS-CoV2. The kidney resi-
dent cells are affected by circulating inflamma-
tory mediators causing endothelial dysfunc-
tion, microcirculatory derangements and tubu-
lar injury. Acute kidney injury has been ob-
served among 25-30% of COVID-19 patients
and carries higher mortality risk [8, 9].

According to Durvasula et al, the acute
kidney injury could be due to the poor inflam-
matory response and its impact on the renal
tubular perfusion [10]. SARS-CoV2 also has a
direct cytopathic effect on podocytes and the
tubule epithelial cells as the cell entry receptor
ACE?2 is expressed on them followed by glo-
merular insult [10, 11]. This explains the pro-
gressive elevation noted in blood urea nitrogen
and creatinine. In the present study, patients
had a steady increase in the BUN as the sever-
ity of COVID progressed with P value of
0.001. Within-group comparisons showed that
there was significant increase in BUN when
mild was compared with severe COVID infec-
tions as well as when moderate cases were
compared against severe cases. The median
value of serum creatinine was almost the same
in all the three groups with mild significance
due to variation in interquartile range (P=0.04).
BUN: creatinine ratio showed significant
change across the groups (P=0.001) with the
intergroup changes being the same as for BUN.
This clearly indicated that patients in the mod-
erate and severe groups could have been in
acute kidney injury as indicated by the highly

significant alterations in BUN and BUN-creat-
inine ratio with mild alterations in serum cre-
atinine (Table 2).

In the present study electrolyte imbal-
ances were observed among severe COVID-19
disease. In the index study significant altera-
tions in the levels of serum sodium, potassium
and bicarbonate were observed while compar-
ing the mild and severe cases. Median serum
sodium levels were in the lower limit of bio-
logical reference interval in the three groups
(P=0.0004) and potassium values were normal
(P=0.01). There was no significant change in
serum chloride values. Serum bicarbonate val-
ues were decreased (P=0.0002). Within groups
comparisons showed there was a significant
difference between mild and severe cases but
not between moderate and severe cases. This
showed that electrolyte alterations became
prominent only when the disease progressed to
a severe state (Table 2).

The SARS-CoV?2 virus interacts with the
ACE2 receptors probably reducing their ex-
pression (Fig.).

ACE2 is highly expressed in capillary
rich organs such as lungs, kidneys, gut and
brain. ACE2 regulates the renin-angiotensin-
aldosterone system. Normally ACE2 lowers
blood pressure by catalyzing the hydrolysis of
angiotensin II which is a vasoconstrictor into
angiotensin I which is a vasodilator. The path-
ophysiologic changes that occur as a result of
increased angiotensin 11 [12, 13]:

e Angiotensin II acts on the adrenal cor-
tex to stimulate the release of aldosterone,
leading to sodium and water retention and ex-
cretion of potassium.

¢ Binding of Ang II to angiotensin recep-
tors causes vasoconstriction, endothelial in-
jury, endovascular thrombosis and increase
blood volume.

e Precipitates hypertension and acceler-
ated thrombosis in arterioles by activating the
coagulation cascade (both thrombin and plate-
lets). These thrombogenic effects on the plate-
lets were not reversible with aspirin
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¢ At the cellular level, angiotensin II in-
duces various signalling pathways:  ser-
ine/threonine kinase, ERK, JNK/MAPK as
well as PKC.

¢ Angiotensin II induces production of
IL-6 and TNF-a, possibly through above men-
tioned pathways.

¢ Angiotensin II is a potent activator of
nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase; thus it induces production
of reactive oxygen species (ROS).

e Angiotensin Il activates neutrophils
and macrophages flux to the affected tissues
and inhibits the production of nitric oxide and
hence promotes vascular injury.

Fig. Loss of ACE2 in Sars CoV2 infection

Hypokalemia can further be augmented
by the gastro-intestinal manifestations of
COVID in the form of diarrhoea [14, 15]. The
progressive renal insult is also reflected in the
steady increase in the urinary protein loss and
presence of red blood cells in the urine as the
severity of COVID progressed from mild to se-
vere stage (Table 2).

Cholestatic involvement with elevated
conjugated bilirubin and cytosis have been ob-
served previously, which could probably be
due to the direct toxic effect of the virus on the
hepatocytes and bile duct epithelium due to the
higher expression of ACE2 receptors in them
[16, 17]. But, no significant alterations have
been detected in the histopathology of these
cells, which raises the possibilities of COVID-
19 related liver dysfunction resulting from
hepatotoxic drugs, systemic inflammatory re-

sponse, hypoxia related, multiorgan dysfunc-
tion — all causing secondary liver injury
[18, 19].

In the present study, there were no statis-
tically significant differences in serum aspar-
tate transaminase (AST), alanine transaminase
(ALT), De Ritis ratio, alkaline phosphatase
(ALP), total bilirubin and indirect bilirubin.
There was a significant difference in direct bil-
irubin (P=0.023) with significant differences
especially between mild and severe groups.
Conjugated hyperbilirubinemia was signifi-
cantly increasing with progressive severity of
COVID-19 illness (Table 3).

The present study showed a significant
increase in the alanine transaminase (ALT) be-
tween mild to severe cases. The De Ritis
(AST:ALT) ratio however did not demonstrate
a statistically significant difference with pro-
gressing severity of the disease. Altered De Ri-
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tis ratio was found to have an association in hy-
perbilirubinemia patients [20]. Studies have
shown that more than 50% of the hospitalised
patients were found to have varying degree of
liver involvement. Though serum transami-
nases are found to be elevated in COVID-19
patients, their propensity to predict survival or
mortality among these patients is unclear.
Moderate to severe liver damage is character-
ised by AST:ALT ratio <1.0 while it is more
than 1.0 in severe liver diseases [21]. In the
present study, though there was a steady in-
crease in AST:ALT ratio from mild to severe
cases, the increase was not statistically signifi-
cant.

Albumin is largely distributed in intes-
tine, muscle, skin and various body fluids. It is
anegative acute phase reactant with low serum
levels in acute inflammation and is inversely
proportional to the extent of systemic inflam-
mation. Among the COVID-19 patients, an in-
verse relationship was found between serum
albumin levels and the severity of the disease
[22]. In the present study, total protein
(P=0.0016), serum albumin (P=0.001) and al-
bumin: globulin (AG) ratio (P=0.001) showed
statistically significant differences across the
groups. When compared within groups total
protein showed statistically significant differ-
ence between groups mild and severe, whereas
albumin showed statistically significant de-
crease in values between mild and moderate as
well as between moderate and severe. And al-
bumin:globulin (AG) ratio also showed statis-
tically significant difference between mild and
moderate as well as between moderate and se-
vere. There was no significant change in the
globulin values. Thus, serum albumin and AG
ratio could serve as good biomarkers for the
progression of the disease especially in cases
of liver involvement (Table 3).

COVID-19 patients have been found to
have elevated muscle injury biomarkers like
creatinine kinase, and myoglobin [23]. Such
alterations could be a direct effect of the virus
on the muscle due to the ACE2 receptor ex-
pression or indirect effect as a result of cardiac
or renal injury. Significant elevation of lactate
dehydrogenase (LDH) was observed in the in-
dex study (P=0.001) as observed previously

and it progressively increased with worsening
severity [24, 25] (Table 4). LDH is a non-spe-
cific marker of tissue damage, hence, it
emerges as one of the most consistently ele-
vated markers among COVID-19 patients at
risk of developing adverse outcomes [26].

Ferritin is an acute phase reactant and it
has been well established as a marker for dis-
ease progression in COVID-19 [27]. In this
study, ferritin showed a steady and significant
increase from mild to severe illness (P=0.001).
Within-group comparisons showed that both
LDH and ferritin showed significant differ-
ences only between mild and severe cases and
not between moderate and severe cases. Hence
LDH and ferritin may not indicate early stage
of the disease (Table 4). During any wide-
spread acute inflammation, IL-6 increases the
vascular permeability which extravasates the
serum albumin into the interstitium causing a
drop in its serum level. Moreover, severe
COVID-19 patients who were found to have
significantly elevated levels of ESR, CRP, fer-
ritin had increased mortality rates. This favours
an exaggerated immune response among them
[28].

Glycaemic status of the patients was
found to have its impact on the COVID sever-
ity in the index study. The fasting blood glu-
cose showed a steady increase as the disease
severity progressed (P=0.001) and within-
group comparisons showed statistically signif-
icant differences between mild and moderate as
well as between moderate and severe. Hence
fasting plasma glucose could serve as a bi-
omarker of the advancement of the disease.
Postprandial glucose showed just significance
between the groups while glycated hemoglobin
did not show significant differences across the
groups (Table 4). Data on new onset diabetes
from 8 studies with a total patient population
of 3711 has shown that a pooled proportion of
14.4% were newly diagnosed [29]. A greater
release of hyperglycaemic hormones due to
stress induced by the disease leading to in-
creased blood glucose levels appear to play a
significant role [30]. The effects of the virus on
ACE2 receptor on pancreatic islets and their
subsequent changes like direct beta cell dam-
age and unopposed angiotensin II effect which
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can impede the insulin secretion can explain
the glycaemic abnormality in SARS-CoV2 in-
fection [31]. The present study also concurred
with this finding as the fasting blood glucose
showed a significant trend but the HbA1C did
not show such variation among mild to severe
covid cases. Fasting plasma glucose, LDH,
BUN, and BUN-creatinine ratio are better in-
dicators of the severity of the disease with mul-
tiorgan dysfunction (Table 5).

Conclusion. In conclusion, high levels
of urea nitrogen, creatinine were potential pre-
dictors of Acute Kidney Injury among patients
with COVID-19 and also predicted the pro-
gression of the disease severity. Similarly, se-
rum albumin, LDH, ferritin and fasting blood
glucose potentially predicted disease progres-
sion. Electrolyte disturbances in the form of
low serum sodium, low potassium and altera-
tions in the bicarbonate levels have been ob-
served among the SARS-COV2 infected pa-
tients, which requires further studies to under-
stand their propensity as morbidity and mortal-
ity predictors.

Limitations

It was a retrospective, longitudinal cohort
study yet the data were collected from a struc-
tured, prospectively maintained database. The
exact time of parameter sampling could not be
estimated. So, the biomarkers kinetics during
the disease progression could not be estab-
lished. The sample size was small and single
centre study and its generalizability across dif-
ferent ethnic groups is unclear.
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Pesrome

AKTyanbHOCTh: PaccTpolicTBa cHa BO BpeMs 0€peMEHHOCTH MPEICTaBIIAIOT peallbHYI0 yIpo3y Jis
MaTepH U IUI0J1a BBUAY HApYIIEHHUS (PU3HOIOTHIECKOTO TEYECHHUS IIPOLIecca reCTallly U BIOpoca Me-
JaToOHHHA (LEeHTpaibHOTO U nepudepudeckoro). Leab nccnenopanus: CpaBHUTENbHAS OLEHKA I10-
Ka3aTeJsiell CHa M XpOHOTHUIIA y 3/I0POBBIX OEPEMEHHBIX U 3JOPOBBIX HEOEPEMEHHBIX JKeHITH. Marte-
puajbl U MeToabl: [IpoBeneHo 106poBobHOE aHKeTHpoBaHue 210 310pOBBIX HEOEPEMEHHBIX JIEBY-
1ieK, cpeaHuit Bospact — 20+3,5 net, u 69 keHmMH ¢ GU3N0IOTHIECKON OepeMEHHOCThIO (CpeIHUN
Bo3pacT — 29,69+5,03 ner) no pycckoit Bepcun MIOHXEHCKOTO OIPOCHHUKA B YCIOBUSIX I'. Briagukas-
Ka3 0e3 0J0Kka CyObEeKTUBHOW CaMOOLIEHKU XpOHOTHUIIA. 3 rpynimbl 310pOBBIX AE€BYIIEK CIIy4alHBIM
obpa3om BeiOpanu 100 yenoBek — 1 rpynmna; 6epeMeHHBIX pa3ienuin no Tpumectpam: 2 rpynna (I
tpumectp, 10 xenuun), 3 rpynna (II tpumectp, 20 xenuun), 4 rpynna — (III tpumectp, 39 xen-
mMH). PaccunThiBany HHTETpaibHbIE TOKA3aTeNU B BEIXOIHBIE M paboyune THU: CepeIuHy U MPOI0I-
KHUTEIBHOCTb CHAa, BpeMs IPOOYKACHUS, «IKeTIar (JECUHXPOHO3), OLleHUBaIN XpoHoTHM. CTaTu-
CTHUYECKYI0 00pab0TKy MPOBOIIINA METOJaMU BapuanmonHou cratuctuku IBM SPSS 23 u Statistica
10.0. Pe3yabTaTbi: ®usnonoruueckas 0epeMEHHOCTh XapaKTePU3yeTCsl CTATUCTUYECKH 3HAYMMbIM
yJIydIIEHUEM NOKa3aTeNlel CHa, CMELIEHUEM CEPEIUHBI CHA K NEPUOLy MaKCUMaJIbHON KOHLIEHTpPA-
LIMM MEJaTOHUHA, CHW)KEHUIO JleuiuTa cHa B paboune IHU, COKpallleHUIo JkeTaara. OTMedeHHOe
y OepeMeHHBIX YBEIHUEHUE MPOIOKUTEIBHOCTH CHA MPEOTBpALaeT LEeiblil P HapyIeHuH Gpu-
3UYECKOr0 M ICHXUYECKOTO 3/0POBBS, CBSI3aHHBIX C CEKpPEIMEHd MeJaTOHMHA W IEePECTPOMKON
H3OUM-cuctemsl. Bo Bcex Tpumectpax OepemeHHOcTH ObL1 ompeneneH intermediate chronotype
(ImCht) — «cpenuuit» xponotun, y HedepeMmeHHbIX slightly late chronotype (SLCht) — «cnerka no3a-
HUID XPOHOTHII, YTO TAK)KE TOBOPHUT B MOJIb3Y OOJIbIIEH CTAOMIBHOCTH CHA MPH (PU3HUOIOTMYECKOM
TeueHnn OepeMeHHOCTH. 3akiaouenHue: Vcnonp3zoBanne MronxeHckoro onpocauka (MCTQ) y Oe-
PEMEHHBIX TMO3BOJIMIIO OMPEAETUTh TEHACHIUN (U3NOJIOTMUECKUX W3MEHEHHMH MoKa3aTeneil cHa B
HOpME.
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Abstract

Background: Sleep disorders during pregnancy pose a real threat to the mother and fetus due to a
violation of the physiological course of the gestation process, the release of melatonin (central and
peripheral). The aim of the study: Comparative evaluation of sleep and chronotype indicators in
healthy pregnant and healthy non-pregnant women. Materials and methods: There was conducted
a voluntary survey of 210 relatively healthy non-pregnant girls (medical students), the average age
was 2043.5 years, and 69 women with physiological pregnancy (the average age was 29.69+5.03
years) according to the Russian version of the Munich Chronotype Questionnaire in the conditions of
Vladikavkaz without a block of subjective self-assessment of the chronotype. 100 people were
randomly selected from a group of healthy girls —group 1; pregnant women were divided by
trimesters: group 2 (I trimester, 10 women), group 3 (II trimester, 20 women), group 4 — (III trimester,
39 women). Integral indicators were calculated on weekends and working days: the middle and
duration of sleep, wake-up time, "jetlag" (desynchronosis), and the chronotype was estimated.
Statistical processing was carried out by methods of variational statistics IBM SPSS 23 and Statistica
10.0. Results: Physiological pregnancy is characterized by a statistically significant improvement in
sleep indicators, a shift in the middle of sleep to the period of maximum melatonin concentration, a
decrease in sleep deficit on working days, and a reduction in jet lag. The increase in sleep duration
noted in pregnant women prevents a number of physical and mental health disorders associated with
the secretion of melatonin and the restructuring of the NEIM system. In all trimesters of pregnancy,
an intermediate chronotype (ImCht) was determined — a "medium" chronotype, in non-pregnant
women — a slightly late chronotype (SLCht) — a "slightly late" chronotype, which also speaks in favor
of greater sleep stability during the physiological course of pregnancy. Conclusion: The use of the
Munich Chronotype Questionnaire (MCTQ) in pregnant women allowed us to determine the trends
of physiological changes in normal sleep indicators.

Keywords: pregnant; sleep-wake cycle; sleep indicators; chronotype; jetlag (desynchronosis)


https://orcid.org/0000-0003-3978-743X
https://orcid.org/0000-0003-3546-4385
https://orcid.org/0000-0002-1636-9174
https://orcid.org/0000-0003-0514-3038
https://orcid.org/0000-0002-9198-7319

Opueunansnas cmambsi
Original article

bapoesa MJ], u op. CpagnumenvHuiil anaiu3s Kawecmed cha ... 236
Baroeva MD, et al. Comparative analysis of sleep quality in ...

For citation: Baroeva MD, Popova LS, Datieva FS, et al. Comparative analysis of sleep quality in
healthy girls and women during gestation. Research Results in Biomedicine. 2022;8(2): 234-245.

Russian. DOI:10.18413/2658-6533-2022-8-2-0-8

BBenenue. bepemMeHHOCTH XapakTepH-
3yercs CIIEKTPOM ajlanTaloOHHO-
MIPUCTIOCOOUTENILHBIX ~ peakiuil  QpU3noIoru-
YECKUX CHCTEM OpraHu3Ma IKEHIIWHBI U
penpoaykTuBHOM cucrteMsl [1]. Mexanusm
(GU3MONOTHYECKUX  M3MEHEHUH  OmpesesieH
IMHAMUKON  koneOanuit  HOHWM-cucreMsl,
BJIMSTHUEM Ha )KEHCKUU OpraHu3M CTEPOUIHBIX
TOPMOHOB ¥ KOPTUKOCTEPOUJIOB, B YACTHOCTH.
Benymyto ponbp B cucremMe «MaTb-IUIalleHTa-
IUIOA» UIPalOT NPOreCTEPOH U BCE TpHU
bpakuuu  3CTPOreHoB  (3CTPOH, ACTPHUOI,
actpaauon) [2, 3], koropeie Biuss Ha [[HC,
MEHSIOT COMHOJIOTHUECKHI cTatyc [4, 5].

BONBIIMHCTBO TOPMOHOB  MPOJOJIKAET
CHUHTE3UPOBATHCS c COXpAaHEHUEM
LIUPKaJIMaHHOTO IIMKJIA, TJaBHYIO POJib B €ro
perynsiuu urpaer menatonun (M) [6, 7].
Cyrtounast cekpeuuss M B IIHMIIKOBUIHOU
JKeJle3€ y4acTByeT B COXPaHEHHMH I'eCTalllM 3a
CueT HeHlTpanuzanuu oOpa3yIoOUIUXCs IpU
OepeMEeHHOCTH CBOOOJHBIX paJUKaIOB H
ctumyssiud AOC B KIIETKax W TKaHSAX B
cucteMe «maTb—IutaneHTa—mioa» [4]. Takum
00pa3oM, CHUKAETCS] OKUCIIUTENBHBIN CTpecC B
SUYHHUKAX U TUIAlleHTe OepeMeHHOMN KEHIIUHBI
4yepe3 pelenTop-3aBUCUMbIE UM HE3aBUCHMBbIE
rpoteccsl [S].

Kak ummyHOMOnymarop M BaxkeH mis
HMMIUIaHTALIAH, TUTALICHTalu Y, Mopgo-
(YHKIMOHAJILHOTO  Pa3BUTUSl IUJIALIEHTHl U
COXpaHEHMs €€ HENPO-IHIOKPUHHO-UMMYHHON
¢ynkuuu [8]. ITpu recranuu M 1upkagranHo
MPOHMKAET 4Yepe3 IUIALEHTY, BIMsIS Ha
pa3BuTHE u CHUHXPOHU3ALIIO
CyNpaxua3MallbHOTO SiApa THUIOoTalaMmyca y
II0J4a;  JCUCTBYs B CHHEpPrU3Me  C
OKCUTOLMHOM. BaskHy10 posib M okasbiBaer B I
TpuMecTpe i (U3MOJNIOTUU DPA3BUTUA U
(YHKIMOHMPOBAaHUS  IUIAllEHTHI B Oosee
MO3HUX Cpokax OepemerHoctH [9, 10].

IIpu OepeMeHHOCTH TNpPOAYLHpYETCS |
nepudepuyeckuii M (AMYHHMKHM, ~ MaTKa,
rtatieHTa) [11], KoTopelii Bo3pacTaer Mo Mepe
pocta  cpoka TrecTallud W OKa3bIBaeT
MPOJIOHTUPOBaHHbIE 3()(EKThl  HUKIMYECKOM

MPOIOHKUTENIBHOCTBIO 110 24 4 [12]. MenaToHuH
y4acTByeT B  HOPMAJIbHOM  IPOTEKaHUU
OEpEMEHHOCTH C IEPUOAA PA3BUTHS ANLEKIICTKH
10  poxIeHHs  peOeHKa,  IMOJAEp’KUBas
ONTUMAJBHBIA TOMeocTa3 IUaneHTsl [12].
AnanTanus GOJBIIMHCTBA MIPOLIECCOB MAaTEpU U
IUI0AA, OT KOTOPBIX 3aBUCUT CHUHXPOHU3ALMS
Pa3BUTHUSA IIOJOBBIX CUCTEM U (PU3UOIOTNYECKast
IIOJIrOTOBKA OpraHu3Ma OEpeMEHHOM K pojam,
onpeensercs HOPMaJIbHOM JTHEBHOU
AKTUBHOCTHIO M IOJHOLEHHBIM HOYHBIM CHOM
[13]. CyTouHas UMKIMYHOCTh pEXHMA «CHa-
0O/IpCTBOBAHUS»  HAXOAWTCS B TECHOM
3aBUCHMOCTH OT MHJMBMIYaJbHOIO XPOHOTHIIA
OepeMeHHOH, CE30HHOT0 u 9KOJIOr0-
reorpauuecKoro (baxTOpoB, BpPEMEHHU
MaKCHMAaJIBHOTO CHHTE3a M, d4TO TpedyeT
U3yUYCHHUs B [I€PUO/]] FECTALUH.

Hear unccnenoBanusi. CpaBHUTEIbHAS
OLIEHKa TIOKa3aTeJed CHa W XpPOHOTUNA Y
3I0pOBbIX ~ OEpPEMEHHBIX U 3J0POBBIX
HeOepEeMEHHBIX KEHIIIMH.

MarepuaJjibl 1 METOAbI HCCJICI0BAHNS.
HccnenoBanne ObIO 0A00peHO OTHYECKUM
komuterom UBMU BHI] PAH Ne7 o1 20.02.19.
Ilocne  momydeHus  WHPOPMUPOBAHHOTO
COIJIacHsl U3 TPYIIBI 3A0POBBIX JieBymek (210
YeJI0BeK) ciaydaiiHbIM oOpa3oM BeiOpanu 100
3J10pPOBBIX HeOepeMEHHBIX JIEBYIIIEK
(CTYZIEeHTOK-MEIMKOB), CpEeIHUA BO3pacT —
20+3,5 1ner, He UMEIOUMX HapyILIeHUN
PENPOITYKTUBHOTO 3/10pOBbs, U 69 JKEHIIUH ¢
($u3nonornuecKoil 6epeMEeHHOCTBIO (CpeIHUIMA
Bo3pact — 29,69+5,03 nmer, M=#SD), He

MMEIOIMX  HapyLIeHWH  PENnpoyKTUBHOTO
3JI0POBBSL.
Ompoc  pECNOHACHTOB  TPOBOAUIH

BecHOM (mapT-mait 2019 roma) B ycnmoBusAX

KEHCKMX  KoHCympTamuud Ne 1, 2 T
BnanukaBkasza PCO-Ananug u y
oOydatomuxcsi  cryaentok  ®I'BOY  BO

COI'MA M3 PO
44°41'00" B. 1.).
Kpurepusimu BKJIIOYEHHS B  TPYIIy
3/I0pOBBIX HEOEPEMEHHBIX SIBUJIUCH OTCYTCTBUE
JMOOBIX COMAaTMYECKUX U  HH(EKINOHHBIX

(43°01'00" c. m.


https://ru.wikipedia.org/wiki/%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BA%D0%B0%D0%B2%D0%BA%D0%B0%D0%B7#/maplink/1
https://ru.wikipedia.org/wiki/%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BA%D0%B0%D0%B2%D0%BA%D0%B0%D0%B7#/maplink/1
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3a00JIeBaHUI HA MOMEHT OIpOca U OTCYTCTBUE
npuemMa TFOOBIX MeTUKaMEHTO3HBIX
npenaparoB. KpuTepusiMu  BKIIIOYEHUS B
uccleOBaHNE  OEpEeMEHHBIX  MOCITYKWJIH:
OTCYTCTBUE B  aHaMHE3€ COMATHYECKHX
3a00JICBaHUN W OCJIOKHEHUH B  TIEPHOJ
recTauuy, busmnonoruueckoe TeueHHe
recTaluyd ¢ HPOQUIAKTUYECKUM I[PUEMOM
MOJINBUTAMUHHOTO KOMIUIekca (mpuka3z Ne
572n ot 01.11.2012). 13 uccnemoBanust ObuH
MCKITFOYEHBI )KEHIIWHBI, UMEIOINE HAPyIICHUS
CHa, OCTpble M XPOHUYECKHE COMATUYECKUE
3a00JIeBaHNs, OCJIOKHEHUS recramnuu
(mpesKinaMIcusi, HEBbIHALIMBAHUE, AHEMUS U
ap.).

PecrionieHTBl OTBeYanM Ha BONPOCHI
pycckoil Bepcur MIOHXEHCKOro OIPOCHUKA
(MCTQ) 0e3 Omoka CYyObEKTHUBHOM
CaMOOLIEHKH XPOHOTHUIIA, OTMEYasl II0Ka3aTelu
CHA, II0 KOTOPBIM B pabo4Me U BBIXOJHbIE THU
pPacCUMTHIBAIA  MHTErPAJIbHBIC  TTOKA3aTEeIH:
CepeIMHy M IPOAOJKUTENIBHOCTh CHA, BPeMs
IPOOYKIIEHUSL, «JKETIAr» (JECUHXPOHO3) - 110
Pa3HOCTU BPEMEHU CEPEMHBI CHA B BBIXO/HBIE
(B) u paboune (PH) mam [14-17]. dxernar
XapaKTepu3yeT BpeMsl HUPKATHOTO CMEILEHUs
B P/l u BJI.

PecrioHIeHTOB pa3zfenuiu Ha TPYIIIBL:
100 uenmoBek — 1 Tpymnma (310pOBBIC
HeOepeMeHHbIe); OepeMEHHbIX pa3AeIuiIn IO
tpumectpam: 2 rpymmna (I tpumectp) — 10
xeHmuH, 3 rpymna — (II tpumectp) — 20
weHuwH, 4 rpynna — (III Tpumecrp) — 39
KEHIIMH. bepeMeHHble B TeueHHe MePBhIX 2-X
TPUMECTPOB padOTaId B OOBIYHOM pEXHUME, B
III TpumecTpe HaXOOWINCh B JEKPETHOM
otmycke (cT. Ne 255, Ne 256 TK P®).

Craructuyeckyro 00pabOTKy IpOBOANIN
OITUCATENTFHBIMA ~ METO/IaMH  BapHAIIMOHHOMN
cratuctukun IBM SPSS 23 u Statistica 10.0.
3HayeHus AQHKETHBIX IOKa3areynen
NPEACTaBIeHbl Kak CcpelHee 3HaYeHue |
cpenHekBaaparnuHoe oTkiIoHeHue (M+SD). C
nomotipio kpurepusi Konvoroposa-CMupHoBa
OLICHUBAIIA HOPMAaJBHOCTh BBIOOPKH.
BonbIIMHCTBO PsIOB JaHHBIX Y OepeMEeHHBIX
KEHIIMH HE COOTBETCTBYET TPEeOOBaHHIM
HOPMAaJIbHOCTH, ITO3TOMY JUIsl aHAJIM3a TaHHBIX
UCHOJb30BATIM METO/bl HEMapaMeTPUIEeCKOro
aHanau3a. JlocroBepHOCTD pa3nu4ui

M3y4aeMbIX [MoKa3aTesel Mexay pabouynmu u
BBIXOJIHBIMU JHSMHU OILICHUBAIA C TOMOIIBIO
Kputepus Bunkokcona, Mexay OepeMeHHbIMU
1 HeOEepPEeMEHHBIMHU KEHIIWHAMH 110 KPUTEPHUIO
Manna-Yutau. [l OUEHKH KOppessiiui y
HeOepeMEeHHBIX KEHILUH HCIOJIb30BaH
ko3¢ umment Ilupcona, T.K. OCHOBHBIE
MoKa3aTeaM B MX TPYIIE COOTBETCTBYIOT
IIpU3HAKaM HOPMAJIBHOT'O paclpesieieHus, a B
rpyrre 3JI0POBBIX OepeMeHHBIX —
ucnoip3oBam  kodpdumuent  CrnmpmeHa.
HoctoBepHbiMU cunTanu otiauuus npu p<0,05.

PesyabTarhl W HX  o0cyxkIeHmHe.
[ToxazaTenu cHa y peCOHIEHTOB OTPa)KEHbI B
tabmuue 1. B P/l Ha ¢one pusmonornueckon
OepeMEeHHOCTH OTMEYEHO OoJiee paHHee BpeMs
OTXOXXJEHUSI KO CHY BO 2-4 rpymmax Iio
OTHOILIEHHIO K | Tpymme, 4To MOXeT OBbITh
O0BSICHEHO CelaTUBHBIM JCCTBUEM
nporecrepona Ha IIHC [18]. [dnsa 3acemanus
Tpedyercst Goble BpeMEHH BO 2-3-i rpyTmax.
YTpennuii mnoaseM cmemnjaercss Ha Ooinee
no3zHee Bpems B 3-4 rpynnax. B BJl Bo 2-ii u
4 rpymnmax BbIsBIEH Oojiee paHHUN OTXOH KO
CHy 10  OTHOWIEHUIO K  3J0pPOBBIM
HebepemeHHbIM  AeBymikam (1 rpymma).
bepemennbpiM 4 rpynnet  (III  tpumectp)
TpebyeTcs 6obllle BpeMEeHH JJisi 3achbinanus. B
BJl ormeuen Oonee paHHUN TIOABEM Yy
OepeMEeHHBIX 1o CPaBHEHUIO c
HeOepEeMEHHBIMHU KCHIITHHAMH.

Jlnss GepeMEeHHBIX OJIHUM M3 OCHOBHBIX
nokaszarene  (pU3MOIOrMYECKOro  TE4EHUs
TecTally SIBISETCS MPOAOKUTENFHOCTh CHA —
BpeMsi, KOTJIa TPOUCXOIUT CHHXPOHH3AIUSI
IIPOLIECCOB  KU3HENCATEIBHOCTH  MEXIY
OpraHM3MamMH Marepu M mioja. B ycrmoBusx
MOJIHOIICHHOTO CHa TMPOHMCXOMAAT AKTHUBHBII
pOCT MJOJla W pEreHepaTHBHbBIE MPOLECCHI,

MO3BOJISIOIINE OpraHu3My Marepu
MaKCUMaJIbHO aJanTHPOBATHCS K
MEHSIIOUIUMCSL ~ YCJIOBUSIM  BHEUIHEH WU
BHyTpeHHed cpeabl [19, 20]. Cekpenus
MeJaTOHUHA obmamaer CBOMCTBOM
KOHTPOJIUPOBATh  KJIETOYHbIE  (DYHKIIUH,
BIUIOTh /IO 3allyCKa HOBOTO 3MHU304a €ro
CHUHTE3a creayroumen HOYBIO [12].
CymecTByeT TeCHas CBS3b MEXIY

nponymmeﬁ MEJIaTOHWHA W COHJIMBOCTBIO B
TCUYCHUC CYTOK, 4YTO CBOMCTBEHHO nepuony
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OepeMEHHOCTH, HE3aBUCUMO OT BPEMEHHU
cyrok. C apyroéi cTOpoHBI, OEpPEeMEHHOCTH
SIBIISICTCS TIPEIpacIoyiaraloniiuM (GakTopoM K

MOSIBJICHUIO PACCTPOMCTB CHa Yy 30POBBIX
xeHuwmH [21, 22].

Tabauya 1
IToka3aTesu cHa y HeOepeMeHHbIX U OepeMeHHbIX JKeHIIMH
Table 1
Sleep indicators in non-pregnant and pregnant women
I'pynnst 1 (n=100) 2 (n=10) 3 (n=20) 4 (n=39)
Aodc. % Abc. % Abc. % Aoc. %
Bonpocsl
Pabouue onu
Jloxycs B 21:00-0:00 34 34 10 100 18 90 34 87,2
IOCTEINb B 0:00-1:40 61 61 - - 10 5 12,8
(4:MuH) 2:00-3:00 4 4 - - - - - -
Tpebyeres | 5 68 68 4 0 |1 55 | 22 56,4
3aChIIIaHUusA
(Mun) 30-59 32 32 6 60 9 45 17 43,6
06:00-06:50 13 13 3 30 4 20 5 12,8
z;gglrnamcn L [7:00-7:50 67 67 6 60 6 30 18 46,2
(@) 8:00-9:00 20 20 1 10 7 35 14 35,9
9:05-10:00 - - - - 3 15 2 5,1
Buvixoouwvie onu
Jloxych B 20:00-0:00 24 24 10 100 8 40 28 71,8
MOCTEIb B 0:00-1:50 59 59 - - 12 60 10 25,6
(4:MHH) 2:00-3:00 17 17 - - - - 1 2,6
Tpedyercst ausi | 0-25 67 67 6 60 13 65 16 41
3achllIaHUs 30-59 32 32 4 40 35 23 59
(MuH) 60-150 1 1 - - - - -
06:00-06:50 1 1 - - - - - -
Y1pom 7:00-7:50 - - 3 15 8 20,5
npoceinatocs B | 8:00-9:00 11 11 6 60 10 50 17 43,6
(a:MuH) 9:05-9:30 20 20 2 20 3 15 20,5
10:00-14:00 63 63 2 20 4 20 6 154
Bpewms 3acbinanus (tabauna 2) B PII y ConuanbHbIi «JKeTIar
OepeMEeHHBIX COKpAIIeHO MOYTH B 2,5 pasa, B (mecuHXpOHO3) Oonee BBIPaXXEH y
B/l — moutu B 4 pa3a. Bpemst cHa B P/l y HeOepeMEeHHBIX JIEBYILIEK, YeM Yy O€pEMEHHBIX
OepeMEeHHBIX BO BCeX TpUMeECTpax Oosiee 4em (tabmuma  2). OTMEYeHO CTaTUCTHUYECKH

Ha | yac mpeBbICHIIa COH 3710POBBIX JIEBYLIEK.
B B/I Bpems cHa y GepeMeHHbIX 3-i TpyIIbI
HaxXOJUTCs B Ipenenax JOBEPUTENHLHOTO
MHTepBasla HeOepeMeHHbIX JeBylek. B 1-m u
3-M TpumecTpax (2 u 4 rpynmbl) oTMeYaeTcs
HauOosplIee BpeMsi cHa. B BeceHHMI ce30H
roja BpeMs CHa HampsMyl 3aBUCUT OT
paccBeta u ¢oronepuosa [23]. Cepeauna cHa
B PJI Hactymaer paHelie B 1-M TpumecTtpe
(p<0,05), B B/l - y OepeMeHHBIX paHbIIIE
(p<0,05), yem y HeOEpEeMEHHBIX JIEBYIIICK.

3HAYMMOE CHIKEHHUE «JKETIara» BO 2-M U 3-
M TPUMECTpax, 0 CpaBHEHUIO ¢ 1-2 rpynmnamu
(p<0,05). «Ixetnmar» Ba)xeH ISl TOHUMAHUS
HampsDKeHUs  aJlalTalliOHHBIX — PE3EpPBOB
Oopranm3Ma, T.K. OH OTpakaeT CMEIICHHE
BBIOpOCA KOPTU30JIa U METATOHHWHA B TEUCHHE
CYTOK Ha OoJiee MO3IHHE Yachl. A MEJIATOHHH
B OoJiee mo3Hee BpeMsi BeIpabaThIBACTCS YKe
B MEHBIIIEM KOJIMYECTBE, CMEIICHUE CEKPEITUN
KOpTH30Jla OTpaxkaeTcs Ha MeTabonu3me
KJIETOK ¥l OpraHUu3Ma B IIEJIOM.
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Tabnuya 2
OcHOBHbIE XapaKTEePUCTHKH CHA Y He0epeMeHHbIX U OepeMeHHbIX skeHIMH Me (25%; 75%)

Table 2

The main characteristics of sleep in non-pregnant and pregnant women Me (25%; 75%)

XapakTepuCTHKH CHA Ne n PaGoune quu BoixogHble THH
1 100 58,8' (30" 1 130" 14 20' (45"; 2 4")*
Bpewms 3acemanuns 2 10 30' (15% 30" 19,8 (15'; 30")
(B3) 3 20 23'(10'% 30" 17,4' (10" 30"
4 39 25,2' (19,8'+ 30" 22,5' (15'; 30")*(©009
1 100 64 52' (64107 150" 81553 (7Tus54';10u2')*
2 10 8u 15" (7450 8 130" 94 35' (9920 10 g) *©00
Bpewms cua (BC) 3120 |8us (742059 8 450" (8 u 15" 9 u)*(0.007)
4 39 7435 (64309430 8 u 55" (745059 30)*©002
1 100 7 4 46' (6 430'; 8 u) 9434 (8u30; 104 51")*
ITpONOIKUTENBHOCTE | 2 10 8 4 45' (8 u; 9 u) 94 50" (9 u 35" 10 u 30")*©007
cua (B3+BC) 3 20 8 u43' (74429430 9 423" (8 440" 10 y)*©0

4 39 8u45' (7435, 10) 9 430" (9 u; 10 y 25")*(0.0008)
1 100 3u33'(3ul5;4q) 54918 (4430 69)*

Cepenuna 2 10 2431'(2u30;2458") 3 u48' (3 954" 4 g 15)*0.09

cHa 3 20 3u25'(2u42;44915") 449 02' (3 u38'; 4y 52" *©00008
4 39 3915 (34;3u45) 4915 (3443'; 4 441" *©00002)
1 210 1 444" (14;2430
«Jxetmar» 2 10 148 (45";29)
(mecmHXpPOHO3) 3 20 35' (2% 1 9)

4 39 53'(7,1415")
| 210 44941'(3456';5423" XporoTum 13 slightly late

Cepenuna ) 10 3932'(3422';3452" intermediate

cua B/l ¢ 3 20 3a51'(3413"4 430" intermediate

KOppeKIHen 4 39 34948 (3u43';4 440" intermediate

[pumeuanue: *p<0,05 Mexy pabOYUMH U BRIXOJAHBIMHA JHSIMH 110 KPUTEPHIO BUiikokcoHa
Note: *p- between working days and weekends according to the Wilcoxon criterion

Bo BCEX rpymnmnax cpemHsis
JUINTEIBHOCTH (BpeMsi) cHa B B/l Bbllie, yuem B
paboune (tabmuma 2), TOdTOMY AN
OTIpeIeIIeHUS XPOHOTHITA TIPOBOTMIIN
KOPPEKIMI0 BPEMEHU CHa B BBIXOJHBIE JHU
(CCk) [23] mo dhopmye:

CCy =CCpy; — (BCpy —BC)/2 ,

rae CCyx— cepeariHa CHa KOppUTrHpyemas
CCgp—cepenrHa CHa B BBIXOJIHBIE JTHU
BCgp— Bpems cHa B BBIXOJHBIE
BC.p— Bpems cHa cpesiHee 3a HEZIEIto

Maremarnueckas KOPpEKLHUs
MIOKAa3aTelsl «CpeAHed NPOAOIIKUTEIBHOCTH
cHa B BJl» ¢ yderom Hepocwimanusi B PJ[
CABUTaeT XPOHOTUN ONMXKe K TOIYyHOUH
(Tabnmumia 2), 9TO YYHUTHIBACT COIUATHHBIN
acIeKT pabo4MX M BBIXOJIHBIX THEH. I1o aTomy
MOKa3aTeo BO BCEX TpUMecTpax

O6epemMeHHOCcTH ObLT ompezeneH intermediate
chronotype (ImCht) «cpemanuii» xpoHorumn, y
HeOepeMeHHbIX JeBymek - slightly late

chronotype (SLCht) «cmerka mo3gHUI»
XPOHOTHII, YTO MOXET TOBOPHUTH B IOJIb3Y
OoJbIIel CTaOUIBLHOCTH CHa pu

(U3MOIOTUYECKOM TEUYEHUH OepeMEeHHOCTH.
[To nanubM nutepatypsl (2017) roga camMbiM
pacrpoCTpaHEHHBIM U (U3UOJOTHYHBIM
apnsercs ImCht «cpennuit» xponorun [23].

Cnerka TO3MHWUH  XPOHOTHNI  370POBBIX
HeOepeMeHHbIx neBymiek (SLCht) MoxxHO
OOBSICHUTH  PEKUMOM  JIHSA,  KOTOPBIHA

IIpeAIoIaracT akTUBHOCTh B BEUEPHEE BPEMs
CYTOK, MPOJUKTOBAHHYIO U3Yy4YeHHEM
yuyeObHOro wmarepuana. T.K. MaKcHMalbHas
KOHILIEHTpallMs MeJIaTOHWHAa HaXOJIUTCS B
MPOMEXYTKE OT 2-X A0 4-X 4YacoB yTpa,
CHIDKAeTCs K YTPEHHUM uacam [24], To, yem
OmKe cepeiMHa CHAa 4YelloBeKa K JIaHHOMY
nepuoay, TeM 6osee GU3NOIOTUYEH COH, YTO
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Mbl U Habmomaem y OepemeHHBIX B B/l

(Tabnuia 2). [Ipeanonaraercs, 4TO
OIpeieJIeHue XPOHOTHIA MO MIOHXEHCKOMY
OIIPOCHUKY COOTBETCTBYET ¢baze

MaKCHMaJbHOW KOHIICHTpAI[MN MEJaTOHWHA B
kpoBHu [23, 25]. YV 310pOBBIX HEOEPEMEHHBIX
KCHIIMH ATOT MapaMeTp CHa CIBUHYT Ooiee
YeM Ha Yac K YTPEHHHUM 4acaM, YTO YKa3bIBACT
Ha HaJIMYMe JECUHXPOHO3a.
Koppensauuonnsiii ananu3 no Ilupcony
n CnupmeHy npeicTtaBieH B Tabmuue 3. Y
3JI0POBBIX HeOepeMEeHHBIX JKEHIIUH

MPUCYTCTBYIOT B3aUMOCBSI3U MEXKIY BCEMU
HCCIEAYEMbIMU TTapaMeTPaMH, TOTJA KaK MpHU
(hbU3HOTOTHYECKOM OCpEeMEHHOCTH OHH
OTCYTCTBYIOT, 32 HCKIIIOUEHHEM KOPpEsLUU
«Ketiara» u cepenunsl cHa B III Tpumectpe
o6epemenHoctu (4 rpynmna). JlaHHBIA akT
MOXKET CBHJICTEIbCTBOBATh O IMEPECTPOUKe
QJIalTUBHBIX peakuuii mnpu OepeMEeHHOCTH,
CMEHE B3aMMOJCHUCTBUM MEXKIY 3BEHBIMHU
HOUM-cucremsl, BKJIIOUCHHUHU HOBBIX
KOHTYPOB PETYJISIINH, HAIPUMED, MIIAIEHTHI C
ee HEHPO-IHIOKPUHHON (PYHKITHEH.

Tabauya 3

Koppeasiuus noka3aresieid cHa no Ilupcony (3nopoBbie HeOepeMeHHbIe)/CliMpMeHy
(310poBbie Oepemennbie) (R, p)

Table 3
Pearson correlation of sleep indicators (healthy non-pregnant)/Spearman (healthy pregnant
women) (R, p)
Ioka3arteinb | 'pynnsl | Bpewmsi 3acbinanus | Cepennna cHa | «JlaxeTnary
Paboune qun
Bpems cHa 1 -0,516™ -0,640™ -0,390™
BpeMs 3achinanus 1 0,479™ -0,352"
Cepennna cHa ! 0,269™
4 (CnupmeH) 0,468*
BrixoaHble qHU
Bpewms cHa 1 -0,245" - -0,677""
Bpemst 3achITaHus 1 0,615™ -0,288™"
CepenuHa cHa ! 0,288™
4 (CrmpmeH) 0,628*

[pumeuanue: P/1, B/l — paboure u BEIXOIHBIE THU; * KOppesaws 3HaunMa Ha ypoBHe 0,05; ** xoppersmus 3HaunMa Ha

yposse 0,01.

Note: PJI, BJIl — working days and weekends; * correlation is significant at the 0.05 level; ** correlation is significant at

the level of 0.01.

B maHHOM KOHTEKCTE BO3HHKAET BOIIPOC,
KOTOpPBIN JUIMTENbHOE BpeMsl o0cykaaercs B
JUTEepaType — B peANM3alud  XPOHOTHIIA
npeobiasaeT reHeTuYecKas, Wik ColManbHas
cocrasJstonias? B ($u3HoNI0rnuYecKon
peanu3aly XpOHOTHNA MepBUYHA paboTta
IUPKaTHBIX OMOJIOTUIECKUX 9acoB
OpraHu3Ma, OJIHAaKO XPOHOTHII YeJIOBeKa
3aBUCHT €€ OT TPOJOJDKHTEIbHOCTH
cBeToBOro JHs (hoTonepuoaa), BpeMeHH roja
U Bo3pacTa. B Hamem wnccrnenoBaHUHM Bce
PECTIOH/IEHTHI MPOXOAUIHN ONPOC B BECEHHHMH
Ce30H, KOrJa BelWYMHA  (OTONEepHoAa
MOCTENIEHHO ~ HapacTaeT, IO  CpeIHeMYy
BO3pacTy OHH IIONAJal0T B OAHY Jekary. B
auTepatype  MPHUCYTCTBYeT  B3aUMOCBS3b
MEXIy XPOHOTHUIIOM W BO3JCHCTBHEM CBETa

(Bpemsi, MpOBEJIEHHOE HA OTKPBHITOM BO3IIyX€
o orieake MCTQ), HO IO TaHHBIM OTIPOCHHKA
y HalMX  PECMOHACHTOB  JIOCTOBEPHBIX
ornnuui  Her. Onupasce Ha pe3ynbTaThl
WCCTIEAOBAHUS, MOXKHO TMPEAMNOI0XKHUTh, YTO
BEpOSITHEE BCEro, B TIPYIIE 3I0POBBIX
OCpEeMEHHBIX  NPOUCXOJUT  TEpPexol K
TEHETUYECKU ONPENCIIEHHON COCTABIISIOLIEH,
T.e. Ommke K (PU3HOJIOTHUYECKUM OHOpUTMaM
opraHusma, Torjga Kak Yy  3J0pOBBIX
HeOepeMeHHBIX XPOHOTHIT 0oJbIIe
YOPaBISIETCS COLIMYMOM, PUTMOM >KU3HU M
oOydenusi. Takum oOpa3oM, MOKHO TOJIarath,
9TO TOJ JeHCTBUEM (PaKTOPOB BHEUIHEH
Cpelapl BO3MOXKHO H3MEHEHHE (TOICTpOiiKa)
XpPOHOTHIIA, a TpPH TeCTallid, HECMOTPS Ha
BHEIIIHHE BO3JICUCTBUS, W3MEHEHNE
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FOPMOHAJILHOTO  CTaTyca  OPUBOJUT K
(bu3MOIOrNIecKoi MOIM(PUKAIINN XPOHOTHIIA.
Heo0OxoaumMo oTMETUTh, 4TO, HECMOTPSI
Ha KOMIIEHCATOPHO-BOCCTAHOBUTEIBHBIA COH
B BBIXOJHBIC JHH, €r0 MPOJOJIKUTEIHLHOCTD,
BEPOATHO, HEJ0CTaTOYHA TULSI
MPEAOTBPAIIEHUS HEJOCTATKOB, BBI3BAHHBIX
HEJIOChITIaHWEM B TedueHue Henenu [26, 27].
Tem He MeHee, JaHHAs MPOAOJLKUTEIBHOCTh
CHa MOXET CHOCOOCTBOBAThH YCTPAHECHUIO
[EJOr0 psAjla HapymieHUuH (QHU3MdIeckoro u
MCUXUYECKOTO 3/I0pOBbhA [28], CBSI3aHHBIX C
CeKpeuueld MeEJaTOHMHA U IEePECTPOMKOU
HOUM-cucremsl. Jlroboe CHIKEHHE
CeKpelMH MEJIaTOHMHA B HOYHBIE Yachl MpPH
recCTallid MOKET CTaTh NMPUYMHOM Pa3BUTH
TaKUX OCJOXHEHHM, Kak MpedKIaMIICus,
HEBBIHAIIIUBAHUE OepeMEHHOCTH [29].

3akioueHne. DOHU3N0I0rIIeCcKOe
Pa3sBUTHEC 6epeMeHHOCTI/I C COXpaHCHHUEM
CyTO‘IHOfI IMUKINYHOCTH IMponIccCcoB

ajanTaluy  ONpPENEsAeTCS  3aBUCHUMOCTBIO
MEXJly XapaKTepoM IEPEeCTPOMKH OpraHu3Ma
MaTepU U HU3MEHEHUSMU B PEHPOIYKTHUBHBIX
opranax noj BnussaueM HOMM-cucremsl.

buoput™Monorndecknii NoAX01 K OLICHKE
CYTOYHOTO IMKJa OEepeMEHHOW I03BOJISET
HNOBBICUTH  3(P(HEKTUBHOCTh  TUATHOCTUKU
PaHHUX OCJIO)KHEHUM TeCTalluy, CBSI3aHHBIX C
HapyLIeHHEM CHUHTE3a MEJIaTOHUHA.
IlosmydyeHHBIE pE3yNBTaTBl JEMOHCTPUPYIOT
U3MEHEHHE  XapaKTepUCTHUK  CHa  IpH
¢bu3noIOornuecKoi OepeMEeHHOCTH u
CBUJCTEIBCTBYIOT O 3HAUYMMOCTH aHaJIN3a
KayecTBa CHAa BO BpeMsl TIecTalluh. ITO
MIO3BOJISIET CYAMTH O XapaKTepe aJalTalud B
epuoj; TrecTallud 1O  TpPUMECTpaM |
LIUPKAAHON OpraHu3aluy MEeJaTOHWHOBOTO
oOMeHa (LIeHTPaJIBHOI 0 U NepudepuyecKoro).

CBoeBpeMeHHasi OIIEHKA ITOKa3aTeseu
CHa UM MX HapylLIeHWH BO BpEMs TeCTallUH
MOJKET IPELYNPEAUTh PA3BUTUE OCIOKHEHUI
nepuoja OEpeMEeHHOCTH.
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Pe3ome

AKTyaJIbHOCTDH: Ha ceromHsHmii 1eHb UMEIOTCS IaHHbIE 0 YETKOW B3aMMOCBSI3H CTEIIEHH TAKECTH
QJICHTUU KaK MPOSIBICHUS CHHAPOMAa BO3PACTHOM MOJIOCTH PTa M PUCKOM Pa3BUTHSI CHHIPOMA Mallb-
HYTpUIIUHU. B CBsI3U C 5TUM MpEACTaBIAETCS aKTyalbHBIM U3YUYEHHE XapaKTePUCTHK MUTAHUS JTIOACH
Cc ajJieHTHel 1o u mocie 3yoonpoTe3upoBanus. Lleab ucciaenoBanus: M3yante OCHOBHBIC XapaKTe-
PUCTHKY MUTAHUS JIOAEH MOKUIIOTO BO3pacTa ¢ afieHTHEe! J0 U mocie 3yoornpore3npoBaHus. Mare-
puaabl M MeToAbI: B uccienoBanre ObUIO BKIIOUEHO 198 denoBek MoKMIOro Bo3pacTa ¢ CHHAPO-
MOM BO3pacTHOH MOJIOCTH PTa B BUJE afileHTUH. Bo3pacT manueHToB coctaBui oT 60-69 neTt, cpeaHuii
BO3pacT coctaBui 64,2+2.2 ronga, My>k4uH 06110 93 uern., keHmuH — 105 ven. Y Bcex ManueHToB
OLICHUBAJIACh CTENEHb aIeHTUH. JIJIs OLIEHKH XapakTepa afeHTUH UCTIOIh30BAIN KIaCCU(PHUKAIUIO J.
Kennenaun. Xapakrepuctuka nutanus Obuta gana no onpocHuky M.B. Koponésoit (2020). Xapakre-
PUCTHKHU TUTAHUS U3yYAIHUCh 10 3yOOMpPOTE3UPOBAHUS U Uepe3 6 MecsIeB MOocie ero OKOHYaHMUS.
PesyabTaThi: [Ipu cuHapOMe BO3PACTHOM MOJIIOCTH PTa, MIPOSBIISIONIEHCS aeHTHEH, HA0IF01aeTCs
3aKOHOMEPHOE CHIKEHHE MOTPeOIsieMoil OeNKOBON MUIIK (32 CYET MPOAYKTOB >KMBOTHOTO U PhIO-
HOTO TTPOUCXOXKJICHUS) U CBeXKUX oBomIei U ppykToB. C HapacTaHWEM TSDKECTH aJCHTHH YBEITUYH-
BaeTCs MoTpediieHue conu u caxapa. [locie mpoBeaeHus 3y00npoTe3nPOBAHUS TUETOIOTUIECKUE Xa-
PaKTEPUCTUKH MUTAHUS MEHSIOTCS B TIOJOKUTEIBHYIO CTOPOHY: YBEIHYMBACTCS KOJIMYESCTBO TI0O-
TpeOneHus OETKOBOM MUIIH, CBEKUX OBOIIEH U (PPYyKTOB, HOPMATU3YIOTCS YaCTOTHBIE U BpEMEHHBIE
XapaKTePUCTHKH mpuema iy, OHaKo COKpaIleHre TOTPEOJICHUS COJIH U caXapa OCTArOTCs Ha T10-
BBHIIIIEHHOM YPOBHE, YTO MOKET CBUJIETEICTBOBAThH O HAIMYUU WHBIX, KPOME aJIEHTHH, N3HAYATbHBIX
HapYIICHUA B JTUETOJIOTHUSCKUX XapaKTePUCTHKAX MATAHUS ITOXKHIIBIX JIIOJCH. ITO aKTyaTu3upyer
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HE00XO0IMMOCTh JaJIbHEHIINX HCCiIeJOBaHUH B 001acTi (PyHKIMM BKyca 1 alllleTUTa y TOXKHIIBIX JII0-
JIel ¢ CUHAPOMOM BO3pPAacTHOM IMOJIOCTH pTa. 3ak/arodenune: Takum oOpa3oM, CUHIPOM BO3PacTHOU
IIOJIOCTH PTA B BUJE aJICHTUH IIPUBOJUT K HAPYIICHUIO JUETOIOIMYECKUX XapAKTECPUCTUK TUTAHNS B
BUJIE CHIKEHUS MOTpeOsIeHNs OETTKOBOW MUIIIH, TOTPEOICHHS CBEXKHIX OBOIICH U (PPYKTOB C OHO-
BPEMEHHBIM yBEJIMYEHUEM OTPEOIEHHUS COJIU U caxapa U KpaTHOCTH IpUeMa IMUIIH JUTsL JOCTUKEHUS
HachleHus. BoccTtanoBnenne GyHKIUK POTOBOM MOJIOCTH Y JIIOJIEH C aJieHTHEH yTEM BOCCTAHOB-
neHus GopMbl U GYHKIMU 3yOHBIX PAJOB YJIydllaeT, HO HE IPUBOAMT K ITOJHONW HOPMATIU3aLUU JH-
€TOJIOTUYECKUX XAPAKTEPUCTUK Y HOKUIBIX JIIOJAEH C CHHAPOMOM BO3PaCTHOM IIOJIOCTH PTa, YTO CO-
XpaHsEeT PUCKH JUIsl pa3BUTHSI CUHAPOMA MAJIbHY TPULIUH.

KuroueBble ¢j10Ba: CHHAPOM BO3PAaCTHON IIOJIOCTH PTA; aCHTHS; INTAHUE; TIOKUION BO3PACT; CUH-
JpOM MaJIbHyTpULIUN

s umtupoBanus: boposzenuesa BA, bopozenues BIO, [Ipomaes KU, u np. XapakrepucTtuka nu-
TaHUS y JIIOJEH MOXKHIIOTO0 BO3pacTa C aJcHTHEH: TepUaTpU4YECKUE U TUETOJOTUYECKHE ACIICKTHI.
Hayunsle pe3ynpTarbl OMOMEAMIMHCKUX uccienoBanmuii. 2022;8(2): 246-258. DOI:10.18413/2658-
6533-2022-8-2-0-9

Characteristics of nutrition in elderly people
with adentia: geriatric and dietary aspects
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Abstract

Background: To date, many evidence-based studies have provided data that give insight into the
clear relationship between the severity of adentia as a manifestation of age-related oral syndrome and
the risk of developing malnutrition syndrome. At the same time, clinical practice shows that restoring
the integrity of the dentition does not reduce the risk of developing malnutrition syndrome to the same
level as in people with preserved dentition. Therefore, it seems relevant to study the nutritional char-
acteristics of people with adentia before and after prosthetic dentistry procedures. The aim of the
study: To study the main nutrition characteristics in elderly people with adentia before and after
prosthetic dentistry procedures. Materials and methods: The study included 198 elderly people with
age-related oral cavity syndrome in the form of adentia. The age of patients ranged from 60 to 69
years, the average age was 64.2+2.2 years, including 93 men and 105 women. The degree of adentia
was assessed in all patients. To assess the character of adentia, the classification of E. Kennedy was
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used. Nutrition characteristics were given according to the questionnaire by M.V. Koroleva (2020).
Nutrition characteristics were studied before prosthetic dentistry procedures and 6 months after its
completion. Results: In senile mouth, manifested by adentia, there is a natural decrease in protein
intake (due to animal and fish products) and fresh vegetables and fruits. With the increasing severity
of adentia, the consumption of salt and sugar increases. After prosthetic dentistry procedures, the
dietary characteristics of nutrition change in a positive direction: the amount of consumption of pro-
tein foods, fresh vegetables and fruits increases, the frequency and time characteristics of food intake
normalize. However, the reduction in salt and sugar consumption remains at an elevated level, which
may indicate the presence of other than adentia, initial disorders in the dietary characteristics of the
elderly. This actualizes the need for further research in the field of taste and appetite functions in
elderly people with senile mouth. Conclusion: Thus, senile mouth in the form of adentia leads to a
violation of the dietary characteristics of nutrition in the form of a decrease in protein intake, con-
sumption of fresh vegetables and fruits with a simultaneous increase in salt and sugar intake and the
multiplicity of meals to achieve saturation. Restoring the function of the oral cavity in people with
adentia by restoring the shape and function of the dentition improves, but does not lead to complete
normalization of dietary characteristics in elderly people with age-related oral cavity syndrome,
which preserves the risks for the development of malnutrition syndrome.

Keywords: senile mouth; adentia; nutrition; elderly age; malnutrition syndrome

For citation: Borozentseva VA, Borozentsev VYu, Prashchayeu K1, et al. Characteristics of nutrition
in elderly people with adentia: geriatric and dietary aspects. Research Results in Biomedicine.
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BBeagenne. Bonpocsl nuTaHusi B MOXKU-
JIOM BO3pacTe SBISIIOTCS aKTyalbHBIMU Kak
JUISl TEPOHTOJIOTHH, TaK U 14 auetooruu [1].
bonee Toro, oHM T€CHO CBsI3aHBI CO CTOMATO-
Joruel, mMoToMy 4To 1MoTeps 3y0OB 3aKOHO-
MEPHO U HEMHMHYEMO BJIEUET K HapYyIICHUIO
BbIOOpA MPOJYKTOB MUTAHUS — YEIOBEK MOJ-
OupaeT Te NPOAYKThI, KOTOPbIE MOXET MOTpe-
OUTh B YCIOBHUAX TIOJHOW WM YaCTUYHOM
anentuu [2, 3]. Takum oOpa3oM MUTAHHUE TO-
KWIBIX JIIOJIEN SIBIIsSIETCA POoOIeMOi MyJIbTH-
aucuummHapHoi. OCHOBHOM Liebl0 HcCclie-
JI0BaHUI B 00J1aCTH MUTAHUS B T€POHTOJIOTUU
SIBJIIETCS CHHPOM HEJJOCTaTOYHOCTH MMUTAHUS
(cMHIIPOM MaJIbHYTPULIMHN) U CApKOTIEHUS B UX
B3alMOCBS3H, U3y4YEHNE MEXaHU3MOB UX IIPO-
THO3MPOBaHMs, NPEAYNPEKICHUSA, a TaKXKe
KOppeKIIMH B ciiydyae uXx passurtus [5, 6]. Ha
CETOHSIIHUN JIeHb BO MHOTHMX HCCIENI0Ba-
HUSAX C MO3MLMH J10Ka3aTE€IbHOW MEIHUIIMHBI
MOJIyY€HBI JIaHHbIE, KOTOpPbIE Jal0T MOHUMa-
HUE O YETKOH B3aMMOCBSI3U CTENEHU TSKECTH
aJICHTUN KakK MPOSIBJIIEHUs CUHJIPOMa BO3pacT-
HOM TOJIOCTH pTa M PHUCKOM Pa3BUTHS CHH-
npoMa ManbHyTpuIuu [ 7, 8]. Takke nmokaszaHo,
YTO a/IeKBaTHOE 3y0ONpoTe3upOBaHUE PUBO-
JUT K CHIDKEHHIO 3TOro pucka [9]. Bmecre c

TEeM KJIMHUYECKas MPaKTHKa MOKa3bIBAET, YTO
BOCCTAHOBJICHHE LIETIOCTHOCTH 3YOHBIX PSIOB
HE CHI)KAET PUCK Pa3BUTHUS CUHIPOMA Mallb-
HYTPHIIMH 0 YPOBHS TaKOTO Y JIFOJIEH C coXpa-
HEHHBIMU 3yOHBIMU pSAaMU. DTO CBUIETEIb-
CTBYET O HaJMYMH JPYTUX JOMOJHUTEIbHBIX
(hakTOpOB pUCKA PA3BUTHSI CHHAPOMA Mallb-
HYTPHUIIMU TPU CHHIPOME BO3PACTHOM MOJIO-
ctu pra. [Ipu 3TOM mpUUMHBI, CBSI3aHHBIE C
HaJU4YUEM JPYTUX TepUATPUUYECKHX CHUHAPO-
MOB, aKTUBHO M3y4YarOTCs (Hampumep, KOrHU-
THUBHBIE PACCTPOICTBA, CHHAPOM OJMHOYECTBA
unp.) [10, 11]. A BOT npUYUHBI JUETOIOTHYE-
CKOTO XapakTepa OCTaIOTCSl MOKa BHE JIOJDK-
HOr0 3peHus uccieaonarenei. [loatomy npen-
CTaBJISIETCSl aKTyalbHBIM H3y4Y€HUE XapaKTe-
PUCTUK MUTAHMS JIOJIEN C aJleHTUEN A0 U IO0-
cie 3y0ornpoTe3upoBaHusl.

Heab ucciaenoBanus. M3yunuts OCHOB-
HbIE XaPAaKTEPUCTUKU MUTAHUS JIOJIEH MOKHU-
JIOTO BO3pacTa ¢ aJIeHTUEH JI0 U Tocie 3y00-
MPOTE3UPOBAHUSI.

Marepuanbl ¥ MeTOABI MCCJIEA0BA-
Hus. B uccnenoBanue Obuto BKiIOUeHO 198
YEJIOBEK MOXKHJIOTO0 BO3pacTa ¢ CHHAPOMOM
BO3PAaCTHOM MOJOCTH pTa B BHJE AJCHTHMU.
Bo3pact mauuentoB coctaBmi ot 60-69 ner,
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cpeaHuid Bo3pacT coctaBun 64,2422 rona,
My>X4uH Obw1o 93 wen., sxeHmmH — 105 yen.
[TarueHTHl MO3HETO MOXHWIJIOTO BO3pacTa B
HCCIIEI0BAaHUE HE BKIIFOUAIIUCH BCIIEICTBUE 3a-
BEJJOMO OTSTOILIEHHOTO TepPUATPUUYECKOTO U
COMaTHYECKOr0 CcTaryca.

Kpurepuu BkIIOUEHMs: HaJIM4YHe CHH-
JpOMa BO3PACTHOM IOJIOCTH pTa B BUAE aJICH-
THUHU, OTCYTCTBHE CTAPUECKOM acTEHUH M Tpe-
acTEeHHUH, OTCYTCTBHE BBIPAKEHHOI comaruye-
CKOM IMAaTOJIOTUH C JEKOMIICHCAIUE B TeYeHUE
nepuoaa HaOIFONEHHSI, OTCYTCTBUE OHKOJIOTH-
YeCKUX M TeMaTOJIOTMYECKUX 3a00JIeBaHMI,
HAJIMYME KOTHUTUBHOTO CTaTyca, 00ecreunBaro-
IIETO TPOJYKTUBHBIA KOHTAKT C HCCIIEIOBaTe-
JIeM.

Kputepun  uckimouenus:  crapyeckas
acTeHMs WJIH MPEaCTeHUs, BBIPAKEHHAsi COMATH-
YecKkasi MaToJIOTHs U ee JEKOMIIEHCAlusl B TIe-
puoj HaOIIOICHUS, IEMEHTHBIN YPOBEHb KOI'HU-
TUBHBIX PAaCCTPOICTB.

OrpanuueHusi UCCIEAOBaHUS: BapUaHT
3y0OIPOTE3UPOBAHUS HE SBISUICS MTPEIMETOM
HACTOSAIIETO UCCIIEAOBAHMUS.

VY Bcex NalMEHTOB OILICHHBAIACh CTe-
MIeHb aJICHTHH. BbIpaXXeHHOCTh aJICHTHH OTIpe-
Jenanach CTeNeHblo yTpaThl 3y0oB. [1pu aTom
BBIZIEISUIN yTpaTy 1 3y0a, 2-5 3y6oB, 6-10 3y-
608, 11-20 3y6oB, 21-35 3y00B M MOJHYIO
aZeHTHIO. J{JIs1 OLIEHKH XapaKTepa aJleHTUH HC-
noib3oBanu kinaccudukanuo . Kennenw,
MPUMEHEHNUE JaHHOW KIacCH(pUKAIMU peria-
MEHTUpOBaHO HanmoHambHBEIM CTaHIAPTOM
Poccuiickoit ®eneparuu, yTB. npukazom De-
JEPATIbHOTO areHTCTBa MO TEXHUYECKOMY pe-
TYJIUPOBAaHUIO U MeTpojioruu oT 18 nexalps
2008 r. N 465-cT. IlepBblii KJ1acc ai€HTUN TU-
arHOCTUPOBAJICS Y JIFOJIEH ¢ YACTUUHOM aJIeH-
THUEH C TBYCTOPOHHUM KOHIIEBBIM JIE(HEKTOM B
BU/JIE OTCYTCTBUS MOJISIPOB C 00EMX CTOPOH Ye-
JOCTU. BTOpoil Kinacc afieHTUU mpeacTaBisl
co0ol aeHTHIO y MalUEeHTOB C OJJHOCTOPOH-
HUM KOHIIEBBIM Je(EKTOM, KOT/a Y MallueHTOB
ObUIH yTpadyeHbl KeBaTeIbHbIE 3yObl Ha OJTHOM
W3 CTOPOH YENIOCTU. TpeTuil Kiacc aJeHTUH
MPEJICTaBIsUT CO0OM OJHOCTOPOHHUMN BKIIIO-

YeHHbIN Je(eKT B BUJE OTCYTCTBUS HEKOTO-
PBIX MOJIIPOB WJIM MepeaHux 3y0oB. Uersep-
TBIA KJIACC AMATHOCTUPOBAJICS TPHU BKIIFOYCH-
HOM Jie(heKTe meperHux 3yO0OB - MOJHOCTHIO
OTCYTCTBOBAJIM 3yObI B 30HE YJIBIOKH.

XapakTepucTuKa MUTaHus ObllIa JaHa 10
onpocHuky M.B. Koponéoii (2020) [12]. TIpu
3TOM U3yYaJIUCh CJIEIYIOLINE XapaKTEPUCTUKHI
MUTAHUS: KOJIMYECTBO MPUEMOB IUIIH B CYyTKU
(pa3), BpeMsi MEXIy TMOCIEIHUM IPUEMOM
MUIIM ¥ HACTYIUIGHHEM CHa (4ac), BpeMms
MEX/1y MOCIECAHUM IPUEMOM MUIIH BEUEPOM U
MEepBbIM MPUEMOM MHIIU (Yac), KOJIHMYECTBO
MOTPEOJIIEMbIX B CYTKH CBEKUX OBOIICH H
GpykTOB (T), KOJMYECTBO COJIU B CYTKH, JIO-
OaBiisieMoi K muie (T), KOJIMYECTBO caxapa B
CYTOYHOM palroHe (4aifHbIe JTOKKH ), KOJInYe-
CTBO MOTpedIIsieMoil OEKOBOM MUIIM B CYTKH
(T), KOIMYECTBO MOTPEOIIEMON KUAKOCTH B
CYTKH (MII/KT). XapaKTepUCTUKHU MUTAHUS U3Y-
Yaluch J10 3yOOIpOTEe3UPOBAHUS U uepe3 6 Me-
CSILIEB MOCJIE €T0 OKOHYAHMS.

Pe3ynbpTaTel ObUM MaTEMaTHKO-CTaTH-
cTHYecKkn oOpaboranbl. VMcmonp3oBaiachk ma-
paMeTpuYecKasi CTaTUCTUKA (pacueT CpeaHux
BEJIMYMH, pacueT OTHOCUTENIbHBIX BEIIMYMH U
ux omuook). Takxke MPUMEHSIIUCH METOJIbI
HenmapaMeTpHUUecKOl CTAaTUCTUKH (KOpPesI-
OHHBIN aHanu3). JlOCTOBEpHBIMH CUHUTAJIHCH
pas3nuuHs TPH BEPOSITHOCTH ONIMOKH MEHee
5% (p<0,05). OO6paboTka CTaTUCTUYECKUX
JAHHBIX TIPOM3BEJEHA C TOMOIIBIO TaKeTa
npukiaaabeix nporpamm STATA ver. 12.

PesyabTarel M ux obOcy:xaenme. Ha
TEPBOM D3Tare UCCIEAOBaHUS ObUTH HU3y4YEHBI
XapaKTePUCTHKH IMATAHUS Y TTOXKIIIBIX JIFOJICH
C aJeHTHEH 10 KOPPEKIHUU CTOMATOJIOTHYe-
ckoro craryca (tabmuna 1). Oxasanock, 4TO
MIPH BBIPAKEHHON TOTepe 3yOOB JOCTOBEPHO
(p<0,05) yBenuumMBaOCh KOJIMYECTBO TMpHe-
MOB ITHIIU B CYTKH. Tak, €CITN TOXKHUIIBIC JIFOTU
c norepeir 11-20 3y0oB mpUHUMAIN MHILY
B cpeaneM 3,17+0,24 pa3 B CyTKH, TO TIPH MO-
tepe 21-35 3y6oB — yxe 4,02+0,21 pa3 B
CYyTKH, a mpu noyHou ageHtuu — 4,12+0,15
B CyTKH.
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Tabnuya 1

XapaKTepHCTI/IKI/I NMUTAHUA Y JI0Aeil MoKHJI0ro BO3pacTa ¢ HEKOPppPErupoBaHHbIM
CTOMATOJIOTHYE€CKHUM CTATYCOM B 3ABUCHUMOCTH OT CTCIICHHU AICHTUHN

Table 1

Nutrition characteristics of elderly people with uncorrected dental status,
depending on the degree of adentia

BobipaskeHHOCTb a/IeHTHH (KOJIMY€eCTBO YTPAYEeHHBIX 3Y00B)
XapakTepucTUKHM NUTAHUS
1 25 610 | 1120 | 2135 | Moanas
aJIeHTHUsI

1. KomugecTBO IpHEeMOB THIIH B CYTKH 3,21 3,15 3,11 3,17 4,02 4,12
(pa3) +0,08 +0,12 +0,16 +0,24 +0,21%* +0,15
2. Bpems Mexy HOCIECTHUM IPHEMOM 3,10 3,15 3,14 1,15 0,94 0,95
MUIIY W HACTYIUICHUEM CHa (4ac) +0,15 +0,12 +0,14 +0,10%* +0,22 +0,16
3. BpeMms Mexay NoCiaeIHUM IPUEMOM 10,09 10,16 10,00 8,02 7,95 7,96
MIUIIHA BEYEPOM U MEPBLIM MPUEMOM MUIIH +0,43 +0,30 +0,48 +0,31%* +0,34 +0,29
(1ac)

4. KonnuecTBo MOTPEOIIEMBIX B CyTKH 415,2 356,13 310,2 250,1 102,0 40,2
CBS)KHX OBOIICH U GpyKTOB (T) +8,3 +6,1* +5,3% +6,2* +8,3%* +4,2%
5. KonruecTBO conv B CYyTKH, J00aBIisie- 5,11 7,13 7,26 7,72 7,79 7,66
Moii K mmie (T) 10,17 +0,24* 10,11 +0,09* 10,21 10,24
6. KonnuecTBo caxapa B CyTOUHOM paLlu- 7,24 8,11 8,89 12,82 14,52 14,31
OHe (JaiHBIC JIOKKH) +0,15 +0,20* +0,19* +0,30% +0,31%* +0,41
7. KommaecTBo moTpebisieMoit 6eIKoBoi 1,24 1,21 1,00 0,75 0,53 0,28
TUIIH B CYTKH (T) +0,09 +0,13 +0,12* +0,24* +0,18* +0,16*
8. KomaecTBO moTpebsieMoit JKUAKOCTH B 30,2 31,6 37,3 38,4 43,1 43,0
CYTKHA (MJI/KT) +1,3 +2.3 +1,2% +1,1 +0,7% +1,1

IMpumeuanue: *p<0,05 Mo cpaBHEHUIO C MPEIBLAYIICH CTCIICHBIO YTPAThI 3y0O0B.
Note: *p<0,05 compared to the previous degree of tooth loss.

BbIsiBIeHO, YTO HayMHAas CO CTENEHH
aneHTu B 11-20 yTpadyeHHBIX 3y0OB JOCTO-
BepHO (p<0,05) yMmeHbIIaNOCh BpeMsi MEXIY
MOCJIeTHUM MPUEMOM IHIIU U HACTYMJICHUEM
cHa. Tak, ecnu y NOXKHIIBIX JIFOAEH ¢ oTepen
6-10 3y00B mpUHUMAHU MUY MTOCIEAHUN pa3
B cpenHeM 3a 3,14+0,14 no cHa, To npu morepe
11-20 3y60B — yxe 3a 1,15+0,10 gaca no cHa.
CoO0TBETCTBEHHO, 3TO BJIMSIO HA COKpALICHHE
BPEMEHHU MEXIY MOCIEIHUM IMPUEMOM MUILU
BEYEPOM U TIEPBHIM MPHEMOM IHUIIH YTPOM C
10,00+0,48 yaca no 8,02+0,31 gaca (p<0,05).

C HapacTaHueM aJeHTUH MPOTPECCUBHO
CHIDKQJIOCh KOJIMYECTBO IMOTPEOISEMBIX TO-
KFJTBIMU JIFOJIBMHU CBEXKHX OBOIICH U PPYKTOB.
Tak, ecnu npu yTtpate 1 3yba cyrouHoe mo-
Tpebsienne coctaBwio 415,2+8,3 r, To mpu
yTpate 2-5 3y6oB — 356,134+6,1 r, 6-10 3y0oB
-310,245,3 1, 11-20 3y60B — 250,1+6,2 1, 21-
35 3y60B — 102,0+8,3 1, npu NOTHOM aaeHTHH
—40,2+4,2 r (p<0,05 npu cpaBHEHUHU KaXA0Tr0
3HA4YEHUs C IPEIbIIYIIEH CTeIEHbIO aJICHTUH).

Haunnast co cremeHun aneHTUHM Ha
ypoBHe 6-10 yTpaueHHBIX 3yOOB Iporpec-
CHUBHO CHUKAJIOCh KOJINYECTBO NOTPEOIIsIEMOi
O0enKoBOM NUINM B CYTKH. Tak, eciau NpHu
yTpare 2-5 3y00B cyTouHO€E oTpedieHue 6en-
KOBOH nuimu coctaBuio 1,21+0,13 r/kr Beca B
CYTKH, TO Iipu yTpare 6-10 3y6oB — 1,00+0,12,
11-20 3y6oB — 0,75+0,24, 21-35 3y60B —
0,53+0,18, pu nonuoit agentun - 0,28+0,16
r/kr Beca (p<0,05 mpu cpaBHEHHH Ka)KJOTO
3HAYEHUS C MPEeAbIAYLIEH CTENEHbIO aICHTHH).

UYro kacaercs MOTpeOICHUs CONMU, ObLIH
MOJIy4€HbI Takue JaHHble. KonnyecTBo conu B
CYTKH, 100ABIISIEMOM K MHILE, Y MOKUIIBIX JIFO-
neil ¢ yrtparoil omHoro 3y0a COCTaBHIIO
5,1140,17 r, a BoT ipu motepe 2-5 3y60B 110-
croBepHO (p<0,05) Gompbire — yxe 7,13+0,24 T.
W nanee mpu HapacTaHUU CTENEHU aJECHTHU
noTpebieHne COoIM HaXOJAWUJIOCh Ha 3TOM IO-
BBIIIIEHHOM YypoBHe. Iloxokas 3akoHOMEp-
HOCTh Oblia BBISIBJIEHA U B OTHOIICHWUU IO-
Tpebiisiemoro caxapa. Tak, eciu npu yrpate 1
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3y0a CyTOYHOE TOTpeOJICHHE caxapa COCTa-
BWIO 7,24+0,15 yaliHBIX JIOKEK, TO MPU yTpaTe
2-5 3y6oB 8,11+0,20, 6-10 3y6oB
8,89 +0,19, 11-20 3y6oB - 12,82+0,30,
21-35 3y6oB — 14,52 +0,31 yaliHBIX JOXKEK
(p<0,05 mpu cpaBHEHHM Ka)J0T0 3HAUYECHUS C
MPEABITYIICH CTENEHBIO aJICHTUH ), U COXPaHsI-
JIOCh TaKUM K€ BBICOKUM TPHU TIOJHOMH
agentuun — 14,31+0,2 yaiinbix soxek. [lpu
ATOM KOJIMYECTBO MOTPEOIAEMOI KUIKOCTH B
CYTKM IporpeccuBHO noctoBepHO (p<0,05)
Bo3pacrajo ¢ 30,2+1,3 1o 40,3+1,0 mur/kr Beca
B CYTKH.

Taxoke, B Xx0/1€ Hccae10BaHUs ObLIN pac-
CMOTpPEHBI Jajiee XapaKTEPUCTUKHU MMUTAHUS y
MOKWIIBIX JIFOJEH 10 KOPPEKLUH CTOMATOJIO-
TMYECKOr0 cTaryca B 3aBUCHMOCTH OT Bapu-
aHTa aJIeHTHH (UCIOJIb30BaNach Kiaccupuka-
s O. Kennenn) (Tabnuua 2). Okasanock, 4To
IIpU TsDKeNbIX BapuaHTax afgeHtuu (IV kmace,
CMEILIaHHas W IOJHasl aJeHTHUsA) AOCTOBEPHO
(p<0,05) yBenuuuBaIOCh KOJUYECTBO IIpHE-
MOB IUIIHU B CyTKH. TaK, eciu Moxuible I
npu [II knacce ageHTUH NPUHUMANIX MUILY B
cpeaneM 3,15+0,18 pa3 B cyTtku, TO npu IV
kiacce — yxke 4,16+0,23 pa3 B cyTKu.

Tabnuya 2

XapakTepuCTUKHN NUTAHNUS NPHU AIEeHTUH Y JII0/Iell MOKUJI0r0 Bo3pacTa
¢ pa3HbIMM BpauaHTamu ageHTHH (1o J. Kennean)

Table 2

Nutrition characteristics of adentia in elderly people with different variants
of adentia (according to E. Kennedy)

Kanacc agentun
XapaKTepuCTHKHA MUTAHUS
I | I v CMmemannpi | L0°H3A
aJleHTHsl

1. KonruecTBo MpueMoOB MUIIU B CYTKH 3,13 3,24 3,15 4,16 4,08 4,12
(pa3) +0,07 +0,32 +0,18 +0,23%* +0,19 +0,15
2. Bpemst Mexay NOCIEIHUM IPUEMOM 3,12 3,11 2,19 1,16 1,15 0,95
MTUIIM ¥ HACTYIICHUEM CHa (4ac) +0,17 +0,11 +0,21% +0,34* +0,08 +0,16*
3. BpeMms Mexay NOCIEIHUM IPUEMOM 10,11 10,15 8,76 8,01 7,92 7,96
MUIIY BEYEPOM U NMEPBBIM PUEMOM +0,38 +0,28 +0,32 +0,11%* +0,17 +0,29
Uy (Jgac)

4. Konn4ecTBO MOTPEOIIEMBIX BCYTKH 382,4 372,15 158,4 156,2 80,0 40,2
CBEXKHX OBOIICH U PpPYKTOB (T) +7,0 +6,2 +6,1* +6,8 +7,6* +4,2%
5. KomdecTBo conu B CyTKH, Ho0aBIsie- 5,65 5,74 7,58 7,66 7,69 7,66
MOi#t K A (T) +0,16 +0,23 +0,24%* +0,31 +0,82 +0,24
6. KonnuecTBo caxapa B CyTOYHOM pa- 7,56 7,66 9,88 10,02 14,16 14,31
1IMOHE (YaifHbIe JIOKKH) +0,20 +0,15 +0,21%* +0,28 +0,34* +0,41
7. KonmudecTBO oTpediisieMoii 0eIKoBO 1,02 0,75 0,72 0,60 0,45 0,28
MHUIIHU B CYTKH (T) +0,08 +0,16* +0,11 +0,05* +0,07* +0,16*
8. KomuecTBo moTpebisieMoit sKuIKo- 30,8 31,2 37,8 38,5 441 43,0
CTH B CYTKH (MJI/KT) +1,2 +1,9 +1,3* +1,3 +1,2% +1,1

[Mpumeyanue: *p<0,05 mo cpaBHEHHIO C MPEBIIYIIHM KJIACCOM aICHTHH.

Note: *p<0,05 compared to the previous adentia class.

Cnenyer oTMeTuTh, uTo HaunHas ¢ III
KJ1acca afieHTuu JoctoepHo (p<0,05) ymeHb-
IAJIOCh BPEeMsI MEXAY IMOCISTHUM MPHUEMOM
MWLM U HACTYIJIEHWEM cHa. Tak, eciau moxu-
nele moau co I kmaccom aieHTHH MpUHUMAITH
MUILY NOCAeAHUH pa3 B cpenneM 3a 3,11+0,11
yaca J10 cHa, To ipu iorepe 11-20 3y60B — yxe
3a 2,19+0,21 yaca nmo cHa. CoOOTBETCTBEHHO,
ATO BJIUSJIO HA COKPAICHHE BPEMEHU MEXKITY

MOCTICTHUM TIPUEMOM IHIIA BEYEPOM U Tep-
BBIM ITpeMoM Uiy yrpom ¢ 10,15+0,28 yaca
1o 8,76+0,32 gaca (p<0,05).

C HapacTaHUeM aJIeHTHH MPOTPECCUBHO
noctoBepHO (p<0,05) cHMKATOCH KOJTUYECTBO
NOTPeOISIEMbIX MOXKWIBIMUA JIFOABMU CBEXHX
osouieil u ¢pykroB. Tak, ecnu npu I kiacce
aJICHTUM CYTOYHOE IOTpeOJIeHHE COCTaBHIIO
382,4+7,0 r, npu II — 372,15+6,2 r, TO npu
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III-158,4+6,1 r, IV—156,2 +6,8 I, cMemmaHHOM
Bapuante — 80,0+7,6 T, npu NOJHON aCHTUU —
40,2+4,2 r. Takas >xe 3aKOHOMEPHOCTb MPOCIIe-
KMBAJIACh M B OTHOIICHUH MTOTPEOJICHHS OEITIKO-
Bou nuiy. Hanpumep, ecnu nipu I kitacce aneH-
TUU CYyTOYHOE TMOTpeOeHue OCITKOBOM MUIIN
cocraBmiio 1,02+0,08 1/kr Beca B CyTKH, TO TIPH
IV —0,60+0,05 r/xr Beca (p<0,05).

B orHomenun notpebieHus comu, ca-
Xapa W JKHJIKOCTH OBUIM TIOJYYEHBl JaHHBIC,
CXOJHBIE C AHATUTHUKON MOTPEOJICHUS STUX
MPOJYKTOB B 3aBUCHUMOCTH OT KOJIMYECTBA
yTpadeHHBIX 3yOOB: MPU HApACTaHHWM KJacca

aJICHTUH TOTpeOJIeHuEe 3TUX MPOAYKTOB JO-
croBepHo (p<0,05) yBennuuBanocs.

bt npoBeeH nog0OHBINA aHATHU3 U IS
J0JIe ¢ KOPPUTHPOBAHHBIM CTOMATOJIOTHYE-
cKkuM ctarycoM (Tabmuma 3). Okazaiock, 4To
KOJIMYECTBO MPUEMOB MUIIU B CYTKH OCTaBa-
JIOCh TaKUM >Ke, KaK U 110 3y00ompoTe3upoBa-
HHS, TO ecTb Ha ypoBHe 3,11-3,53 paza B
cyTku. MckiltoueHne COCTaBUIIM MAIMEHTHI C
MOJIHOM aJeHTHeH, y KOTOPBIX KOJIHYECTBO
MPUEMOB MHIIM JOCTOBEPHO CHHU3WIOCH C
4,12+40,15 mo 3,15+0,16, yT0 COOTBETCTBOBAJIO
YPOBHIO TIOKA3aTeNsl y APYTUX MAIMEHTOB.

Tabnuya 3

XapakTepucTUKH NUTAHUS NP IeHTHH Y JII0/Ieil M0KUJIOr0 BO3PACTA € KOPPErupoBaHHBIM
CTOMATOJIOTUYECKHM CTATYCOM

Table 3
Nutritional characteristics of adentia in elderly people with corrected dental status
BrIpakeHHOCTb aIeHTHH (KOJIMYECTBO YyTPauYeHHBIX 3y00B)
XapakTepuCcTUKH MATAHUS
1 2-5 6-10 11-20 2135 | Ilomas
aJeHTHS

1. KonruecTBo MpueMoOB MUIIU B CYTKH 3,15 3,24 3,18 3,53 3,11 3,15
(pa3) +0,05 +0,31 +0,17 +0,38 +0,14 +0,16
2. Bpemst Mexay NOCIEIHUM IPUEMOM 3,12 3,24 3,17 1,99 1,82 1,81
MTUIIM ¥ HACTYIICHUEM CHa (4ac) +0,21 +0,11 +0,16 +0,11%* +0,20 +0,15
3. BpeMms Mexay NOCIEIHUM IPUEMOM 10,11 9,85 10,01 9,01 9,12 9,15
MUIIY BEYEPOM U NMEPBBIM PUEMOM +0,34 +0,32 +0,36 +0,24* +0,31 +0,27
Uy (Jgac)

4. KonmgecTBo MOTPEOIIEMBIX BCYTKH 4113 412,2 4113 262,1 202,2 192.,4
CBEXKHX OBOIICH U PpPYKTOB (T) +8,4 +6,0 +5,2 +7,3% +5,2% +9.3
5. KomdecTBo conu B CyTKH, Ho0aBIsie- 5,15 5,24 5,63 7,71 7,54 7,55
MOii K e (T) +0,17 +0,20 +0,12 +0,11%* +0,13 +0,31
6. KonmnuecTBo caxapa B CyTOYHOM pa- 7,56 7,23 7,65 12,11 12,51 12,88
1IMOHE (YaifHbIe JIOKKH) +0,22 +0,24 +0,48 +0,29%* +0,44 +0,33
7. KonmudecTBO oTpediisieMoii 0eIKoBO 1,24 1,24 1,21 1,01 0,80 0,78
MTUIIH B CYTKH (T) +0,08 +0,18 +0,11 +0,04 +0,08* +0,06
8. KomuecTBo moTpebiisieMoit sKuIKo- 31,4 31,3 31,2 31,3 37,2 38,3
CTH B CYTKH (MJI/KT) +1,4 +2,1 +1,4 +1,2 +0,5% +0,7

Ipumeuanue: *p<0,05 M0 cpaBHEHUIO C MPEABIAYIICH CTEIICHBIO yTPaThI 3y0OB

Note: *p<0,05 compared to the previous adentia class.

Hamu 6b110 OTMEueHO, YTO NMpHU H3HA-
YaJbHOM BBIpAXKEHHOU yTpaTe 3y00oB 1moce 3y-
OompoTe3upoBaHHsl BCE paBHO IpPU H3Ha-
YaJIbHO BBIPAKEHHBIX CTENEHSAX aJEHTUHU CO-
XpaHsAJIOCh COKpallleHue BPEMEHH MEXIY IO-
CIIEJHUM IPUEMOM NHILM M HACTYIJICHHUEM
cHa. Tak, HauMHAasA CO CTEICHU aJcHTHH B 11-
20 ytpaueHHbIX 3y00B noctoBepHo (p<0,05)

YMEHBIIATIOCHh BPEMS MEKY MMOCIEIHUM MPH-
€MOM IIUIIM U HAaCcTyIUIeHueM cHa. Tak, ecnu y
MOXKUJIBIX JIFoJIel ¢ moTepeit 6-10 3y0oB npu-
HUMAaJIM NUILY MOCJIEIHUI pa3 B CpPEIHEM 3a
3,1740,16 no cHa, To npu norepe 11-20 3y60B
— yxe 3a 1,194+0,11 yaca no cna. CooTBer-
CTBEHHO, 3TO BJIMIO HA COKPAILlEHUE BPEMEHH
MEX/1y MTOCIEAHUM IPUEMOM IUIIH BEYEPOM U
nepBbIM npuemMoM nunwm yrpom ¢ 10,01+0,36
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gaca 10 9,01+0,24 gaca (p<0,05). Bmecte ¢
TE€M, T[IOKa3aTeld BpPEMEHU TpHUeMa ITHIIU
OBLTM JIY4YIIMMH, YeM J0 3yOOoIpoTe3upoBa-
Husa. Hampumep, ecnu 10 3y0ompore3upoBa-
HUS BPEMS MEXKTy TTOCJICTHUM ITPUEMOM TTUIIH
BEUCPOM H HACTYIUICHUS CHA COCTABHIIO
0,95+0,16 gaca, To mocine — 1,81+0,15 gaca
(p<0,05).

Coxpassutach CUTyalus, MPH KOTOPOM
JIOU C BBIPAXCHHBIMU CTETICHSIMH aJICHTUU
noTpeOIIsTi MeHbIIe oBoulel u ppykToB. Tak,
ecnu npu yrpate 1 3yba cyrodyHoe morpeodsie-
Hue cocraBwio 411,3+8,4 r, 2-5 3yb6oB —
412,2+6,0r, 6-10 3y60B—411,3 +5,2 1, TO 11pHN
ytpate 11-20 3y60B yxe noctoBepHo (p<0,05)
MeHbine — 264,1+7,3 1, 21-35 3y6oB — 202,0
+5,2 r, npu nosiHOM aaeHTHu — 192,249.3. On-
HaKO JIa)kKe€ 3TH CHIDKEHHBIC IOKa3aTeld II0-
TpeOneHus ObUIH BhIIIE, YeM 0 3y0OmpoTe3n-
poBanwmsi. Hampumep, eciiu mpu moJTHOM a/IeH-
TAU 710 3yOOTpPOTE3UPOBAHUS JIOAN TIOTPEO-
JSIM B CYTKM B cpegHeM Tonbko 40,2+4.2 r
CBEXXHX OBOILIEH M (PPYKTOB, TO MOCTE — yKe
192,449,3 r (p<0,05). AHasiornyHas cutyanus
Ha0Iroanach 1 B OTHOIICHUH TOTPEOJICHHS
OCJIKOBOM ITHMINM, OJHAKO BCE K€ OHa OblLia
JydIIe, 9eM JI0 3yOOnpoTe3upoOBaHUSI.

Bwmecte ¢ Tem, COXpaHATIOCH NOBBIIICH-
HOE MOTpeOJIeHne caxapa M COJH MpU H3Ha-
YJaJIbHO TSKEJIBIX BapHaHTax afeHTHH. YTo Ka-
caeTcsi MoTpeOIeHUs COJIU, TO ObUIH, B YACTHO-
CTH, TIONly4eHbl Takue AaHHble. KommuecTBo
COJIU B CYTKH, 100aBIIIeMOi K MUIIIE, Y TIOKH-
JBIX JoJel ¢ yrpatoit 6-10 3y0oB cocTaBuiio
5,6340,12 1, a BoT mpu notepe 11-20 3y60B 10-
ctoBepHO (p<0,05) Gonpbmie —yxe 7,71+0,11 r.
Takas ke cuTyarus Oblla B OTHOIICHUH IIO-
Tpebsienus caxapa. Tak, ecnu ripu yrpate 6-10
3y0OB CyTOYHOE MOTpeblieHne caxapa cocTa-
BUJIO 7,64+0,48 yaifHBIX JIOKEK, TO IIPU yTpaTe
11-20 3y60B — yxe 11,11+0,29 gaitHbIX J10kKEK
(p<0,05). Ilpu sTOM KOJIMYECTBO MOTpeOIIsie-
MO KUJAKOCTHU MPU U3HAYATHHO BBIPAKEHHBIX
BapHaHTaX aJCHTUU COXPAHSIIOCh Ha W30bI-
TOYHBIX 3HAYCHUSX.

[TomydeHHbIe pe3yabTaThl MOATBEPIUIH
MOJTyYEeHHBIC JPYTHMH UCCIICIOBATEIISIMU JIaH-
HBIC O TOM, YTO JICHCTBUTEIBHO IPH CHHIPOME
BO3PACTHOM TMOJIOCTH PTa, NPOSBISIOLIEIHCS
aZIcHTHEH, HAaOII0IaeTCsl 3aKOHOMEPHOE CHH-
XKEeHHsl moTpelisieMol OenkoBod mnummM (3a

CYET MPOJYKTOB KUBOTHOTO U PHIOHOTO IpPO-
UCXOXKJCHHS) M CBEXHX OBOIIEH M (PPYKTOB
[13]. DTO MpOUCXOIUT 3a CUET TOTO, YTO JIIOIU
MOXKUJIOTO BO3pacTa C aJCHTUEH OrpaHH4U-
BalOT MOTpEeOJCHHE STHX MPOIAYKTOB H3-32
HapymeHus: QyHKIUHN KeBaHUS U H3Mebue-
Hus nunm. Ho B To jxe Bpems Ham# ObUIH T10-
Jy4eHbl JaHHbIE U O APYIHX OCOOEHHOCTSX
nuTaHusg. B 4aCTHOCTH, B HaIllEeM HCCIIEIOBa-
HUU MBI TIOJTYYWJIU IAaHHBIE O TOM, YTO C Hapac-
TaHUEM TSHKECTU aJICHTHH YBEIMYUBAETCA I10-
TpeOJieHHe CoJIi M caxapa. YBEIMYeHHE IO-
TpeOJieHHe COMM MOXKHO OOBSICHHTH HE0OXO-
JUMOCTBIO YCHJIMBAaTh BKYCOBBIC OLIYILICHHE
TEX MPOJyKTOB, KOTOPHIE YEIOBEK C aJICHTUEH
MOXKET TOTPEOHTh, a YBEIUYCHHUE MOTpeldIIe-
HUE caxapa — He0OXOIUMOCTBIO JOCTUYD YyB-
CTBa HACBILEHUS U YJOBOIBCTBUS. JlJis 3TOTO
TaKXKe HCIIOJIB3YIOTCS U CaxapocoepiKaine
HAIIMTKH, YTO IMPUBOJAUT K YBCINYCHHUIO KOJIM-
yecTBa noTpedisieMon xxuakoctu. Ho Takxe k
YBCIMYCHHUIO KOJIMYCCTBA HOTpC6JI$I€MOfI KUa-
KOCTU NMPHUBOJIUT U IMOBBIINICHUC HOTpC6JICHI/I$I
comu. Taxke HEOOXOIUMOCTBIO AOCTUKCHHS
YyBCTBA HACHIIIECHUS CBHUJIETEIbCTBYET U CHU-
JKCHHOC BpCMs MCXKIAY IMNOCICAHUM IIPUCMOM
MUY BEYEPOM U CHOM U YBEJIMYEHHE KPaTHO-
CTH TUTAHUS MPHU HApPACTaHUU aJEHTHH. ITO
CBHJIETEIILCTBYET O HEIOCTATOYHOM MOTPEO-
JICHUW HYTPUCHTOB IMAUCHTAMH C aI[eHTHeﬁ.
C npyroii CTOpOHBI, TO MPUBOIUT K COKpaIlle-
HUIO BpPEMCHU MCXKAY HNOCICAHUM IIPUEMOM
MUKy BEYCPOM U IICPBBIM IPUCMOM IMHUIINH
yTPOM, YTO SIBISIETCS (PaKTOPOM, MPOBOLIUPY-
IOIUM HETAaTUBU3ALMI0 COMAaTUYECKOTO CTa-
Tyca. Tem Gonee uTo caM Mo cebe CUHAPOM
MaJbHYTPHUIIMA aCCOLMUPOBAH C MPOrPECcCH-
pPOBaHHEM COMATHYECKOW MAaTONOTUU U TPO-
neccamMu uHGIamdimkunra [14-17].

[Tocne mpoBeneHust 3y0ONMpOTE3UPOBaA-
HUS TUETOJOTUYECKHE XapaKTePUCTUKHU MUTa-
HUS MEHSIOTCS B IOJIO)KUTEIBHYIO CTOPOHY:
YBEIINYUBACTCA KOJINYECTBO HOTpe6HeHI/I$I
OENKOBOI MUIIN, CBEKUX OBOIIEH U PPYKTOB,
HOPMAJIM3YIOTCSl YaCTOTHBIE M BPEMEHHBIE Xa-
PaKTEpUCTHUKH NpueMa nuiu. OgHaKko coKpa-
IIEHHE MOTPEOJICHUS COJIM U caxapa OCTArOTCs
Ha TMOBBIIIEHHOM ypPOBHE, YTO MOXET CBH/IE-
TCJIBCTBOBATH O HAJIMUYMH WHBIX, KPOMC aJICH-
THH, U3HAYaJIbHBIX HapyIHeHI/Iﬁ B IUCTOJIOTU-
YECKUX XapaKTEPHUCTUKAX MUTAHUS MOXKHIBIX
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moaeil. 3To MOXKeT ObITh CBSI3aHO C M3Bpallle-
HHUEM BKYCOBOHM pElENiuu BCIEICTBHE psiia
(hakTopoB, cpear KOTOPBIX HaUOOJIee BEPOSIT-
HBIMH SIBJISIFOTCSI CHHJIPOM CYXOCTH POTOBOIl
1oJiocTH (00 3TOM KOCBEHHO CBHJICTEIbCTBYET
COXpaHsIoIleecs MOBBIIIEHHOE MOTpediIeHNne
YKUJKOCTH ), BIUSHUE 3yOHBIX TIPOTE30B U/UIIH
umiuianToB [18, 19]. Drto akryanuzupyer
HEO0OXOUMOCTh JANBbHEHIIINX HCCIICIOBAHUI
B 00nacTy QyHKIMI BKyca U amnmeTrura y Io-
KHWIBIX JIIOJIEH C CHHIAPOMOM BO3PACTHOII I0-
noctu pra [20, 21, 22].

B cucremarnyeckom 0030pe OIMHCHIBA-
IOTCA CBSI3U MEXJAy HEAOCTAaTOYHBIM IHTa-
HUEM M COCTOSIHUEM TBEPJbIX U MATKHX TKa-
HeH MOJIOCTH PTa, THIIOCAIUBAIIMEH, KCEpOCTO-
MUEH U CYOBEKTUBHBIM COCTOSIHUEM ITOJIOCTH
pTa y MOXKUIIBIX JI0Jei. bblin BKIIIOYEHBI Jie-
CSITh TIEPEKPECTHBIX HUCCIEIOBAaHUM, KOTOPHIC
MIPOJIEMOHCTPHUPOBANIU CBSI3b MEXKIY HeJloe/1a-
HUEM U TJIOXUM COCTOSIHUEM 3JI0POBBS I0JIO-
ctu pta [23].

Pe3ynbrartel MOJMy4EHHBIX HCCIIEIOBA-
HUH COTNIacyIOTCS C TAaHHBIMU 3apyOSKHBIX HC-
cienoBanuii. Tak, aBTOPBI MOAYEPKUBAIOT, YTO
CTOMATOJIOTU U JAPYTHe MEIUIIMHCKHUE PaboT-
HUKH, padoTaroIue B 00J1aCTH TE€POHTOCTOMA-
TOJIOTUH, JOJKHBI OBITH OCBEJOMJICHBI O TO-
TPEOHOCTSIX MOKUIIBIX JTFOZCH B MaKpO- U MHUK-
pO3JEMEHTaX M BKJIKOYATh OMNPEICICHHBIE
TJIaHBI MUTAHUSL B PAHHEM BO3pPAcTe CBOMX Ta-
[IUEHTOB C UX OJIOOPEHUs W COTPYAHUYECTBA,
YTOOBI OTCPOUYUTH MOTEPIO 3yOOB M HAPYIIIEHUE
GbyHKIMK >keBaHMs. ABTOPBI 00CY>KHAlOT OC-
HOBHBIE aCTEKThl TOPOYHOTO Kpyra MUTAaHUS U
COCTOSIHHSI 3JIOPOBBSI TOJIOCTH PTa, a TaKXKe
MIPUBOJIAT MIPEJIOAKEHUS O BIUSHUA OCHOBHBIX
MUATATENILHBIX BEIIECTB U MOTPEOHOCTSIX HE3a-
BUCHUMBIX MOXWIBIX JroAer. Ha ocHoBe co-
OpaHHBIX HAYYHBIX JIAHHBIX JIJIS1 TTUIIEBOM MPO-
MBIIIJIEHHOCTH JIENAIOTCS TPEJIOKEHUS 10
YIIyYIIIEHUIO Ka4eCTBA U JO3UPOBKU MPOTYKTOB
MUATAHUS 7151 3TON KaTeropuu Jiuil. [24].

[loxxunoe HaceneHue, MOJIb3YyHOIIEECs
3yOHBIMH TPOTE3aMU, OCOOCHHO YSI3BHUMO K
HapymeHuro nmutanus. [lockonbky peadunura-
U TIPU TIPOTE3UPOBAHUM 3yOOB TpedyeT ce-
pUUY Ha3HAYCHUH, aHATIU3 palliOHa MTUTAHUS U
KOHCYJIBTAI[UH MOTYT OBITh BKJIFOUEHHI B ILIa-
HUPOBAaHUE TepUaTPUUYECKOro JieueHus [25].

Eme B o1HOM cuctemMaTuyeckom 0030pe
IIPOBE/IEHA OLICHKA MUTAaHUs U 30POBbS 110JI10-
CTU pTa y JIOJEH MOXKWIOro Bo3pacta. beumn
MPOBEJICHbl METaaHalu3bl, CPaBHUBAIOIIUE
JHIl C HEAOCTAaTOYHOCTHIO MUTAHUSA/ PUCKOM
MQJIBHYTPUIIMKA U JIUI] C HOPMAJIbHBIM NUTa-
HUEM I10 TPEM MapaMeTpaM 370POBbs MOJIOCTH
pra (6e33y00CTh, MCIOJB30BAaHUE IMPOTE3a M
cpeaHee KOJIMYECTBO HMMEIOMMXCs 3y0oB). B
CUCTeMaTH4YecKuit 0030p ObLIO BKIFOUEHO JBa-
JIIATh 1IE€CTh MCCJIEAOBAaHUN, U3 KOTOPHIX 23
ObuIM TIepeKpecTHhIMU. BBUIO MOKa3zaHo, 4TO
XOPOIIO MUTAIOIIUECS CYOBEKTHl UMENN 3Ha-
YUTENHHO OOJIbIIIEe KOJUYECTBO Iap 3yOOB /
¢byskunonansHbIX equaull 3yooB (FTU) mo
CPaBHEHUIO C JIMLAMU C HEAOCTATOYHOCTBHIO
MUTaHUS/ PUCKOM MabHYTpULIUU. [26].

UccnenoBatensamu B 00JacTU TePOHTO-
CTOMATOJIOTUH TOJYEPKUBAETCS HE0oOX0ou-
MOCTb JaJIbHEHIIEr0 M3y4eHHUs XapakTepa U
cTaTyca MHUTAaHUS JIMI] MOXHWIOTO U cTapue-
CKOT'O BO3pacTa.

[losyyeHHbIE HAMU JAHHBIE AOMOJIHAIOT
MIpe/ICTaBJICHHs O BKIIaJie HAPYIIEHUH BKyca U
anmneTHTa HapsIy C XapaKTepUCTUKAMH CTOMa-
TOJIOTHYECKOTO 3/I0pOBbSI B (HOPMHpPOBAHKE
CUHIpOMAa MaJbHYTPHUIIHIH.

BroIBOABI:

1. CuHapoM BO3pacTHOM MOJOCTH PTa B
BUJIC a[ICHTUU MPHUBOAMUT K HAPYIICHUIO IIHE-
TOJIOTUYECKUX XAPAKTEPUCTHUK TUTAHUS B
BHJIE CHIDKEHUS TOTPeOJIeHUss OENIKOBOM
MUY, TOTPeOJIeHUs CBEXUX OBOLIEH U PpyK-
TOB C OJTHOBPEMEHHBIM yBEIIMYEHUEM ITOTPEO-
JIEHUs COJIM U caxapa M KpaTHOCTU IpHeMa
TIUIIHA JIJISL TOCTHIKCHHUST HACKHITIICHHS.

2. BoccraHoBneHne (QpyHKIMH pOTOBOMH
MIOJIOCTH y JIFOJEH ¢ aJeHTHUEN IyTeM BOCCTa-
HOBJIEHHUS (QOpMBI U (QYHKLIUU 3yOHBIX PSJOB
yJIydIllaeT, HO He MPUBOJUT K TIOJHOW HOpMa-
JU3AIMU TUETOJIOTHYECKUX XapaKTePUCTUK Y
MOXUJIBIX JIIOJIEN C CHHIPOMOM BO3PACTHOM
MIOJIOCTH PTa, YTO COXPAHSET PUCKHU JIJIsl pa3BU-
THUSI CHHAPOMA MaJbHYTPHUITHH.

3. JlomOJIHUTENbHBIMU baxTopamu
pHUCKa Pa3BUTHS CHHIPOMAa MAIbHYTPHUIHH Y
JOJEN ¢ CHHAPOMOM BO3PACTHOM MOJIOCTH pTa
SIBJIAFOTCSI HAPYIICHUS BKyCa U alleTUuTa, 4To
aKTyaJIu3UpyeT JNajdbHEeHIIne TepoHTOIornYe-
CKH€ M JMETOJIOTMYECKUE HCCIEeIOBaHUS B
9TOM HaIlpaBJICHUH.
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Oco0eHHOCTH MOCTYPAJIbHBIX HAPYIICHU
U CBSI3€H C CUCTEMOM KOMILJIEMEHTA KPOBH
[PU CUHAPOME MAJCHUN Y MOKHIbIX
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Pe3ome

AKTyanbHOCTB: EcTecTBeHHOE, Kak U MPEeXIEeBPEMEHHOE CTapEeHUE, COIIPOBOXKIAETCS ITOCTYPaslb-
HBIMHU HapYIICHUSIMH, KOTOPBIE YCYTYOJISIOTCS Y MAIMEHTOB C OPTATHMOJIOTHYECKON MaTOIOTUEH U
IIPUBOJAT K BOBHUKHOBEHUIO CHHJIPOMA I1aJIEHUH, HO OCTAIOTCS HEJOCTATOYHO N3YUYEHHBIM U Y Ia-
LIUEHTOB C 3aKPBITOYTOJIbHOM IN1ayKOMOW U ¢ U3BMEHEHUEM CHCTEMbI KOMIUTMMeHTa KpoBH. Llesb ne-
caenoBaHus: M3yueHne nocTypaabHbIX HAPYIIEHUH U CBA3EH ¢ CUCTEMOM KOMIIJIEMEHTA KPOBH IIPU
CUHJPOME MaJCHUN y MOXKWIBIX C 3aKPBITOYTOJIbHOM IIaykoMoi. MaTepuajibl U MeToabl: Vccne-
JIOBaHME IIPOBOAMUIIOCH cpeyu 62 MalueHTOB MOKUIIOr0 BO3pacTa ¢ CUHAPOMOM NaJAeHUN U 3aKPbITO-
yTOJIBHON IJIayKOMOM (ocHOBHas rpynna) " y 49 MAIMEHTOB
60-74 neT ¢ OTCYTCTBHEM MaJeHUN U 3aKPHITOYTOJILHOM IIIayKOMBI U JIpyrux OonesHei riasa. Ilo-
CTypaJbHbIC HapyIlEHHUs U3ydaluch ¢ IpUMeHeHueM Tecta Sensori Organization Test Ha KOMIIbIO-
TEPHOM CTAOMIIOMETPUYECKOM KoMIuiekce B 6 pyHkimoHanbHbIX mpodax (COND 1-6) u ¢ orneHkou
COMAaTOCEHCOPHOM CHCTEMBI, 3pUTEIBHOI0 aHAIN3aTOPa M UCII0JIb30BaHUS 3pUTEIbHON HHPOpMALIUU
B 00ecrieueHnH NocTypanbHOro 6anaHca. KOMIOHEHTHI CUCTEMBI KOMIIEMEHTA KPOBHU UCCIIEI0BAaHBI
UMMYHO(EpPMEHTHBIM aHaIU30M. V3yueHue KOppensuOHHBIX CBA3E MPOBEAECHO KOPPEISIUOHHBIM
MeToaoM 1o mporpamme «Statistica 10.0». PesyabTarbl: Heratupabie n3MeHEHUsT TOCTYPATBLHOTO
OanaHca y MOXHIBIX C CHHIPOMOM MaJeHUI M 3aKPBITOYTOJILHOM IJIayKOMOM BBISBICHBI BO BCEX
6 (pyHKIMOHAJIBHBIX TPOOax, HO HauboJee BEIPAKEHHOE YXYALLIEHHE OTMEUYEHO B (YHKIIMOHAIBHBIX
npo6ax COND 2, COND 4 u COND 6. [loka3aHO CHHKEHHE Y4acTHs 3pUTEILHOIO aHaJIU3aTopa,
COMAaTOCEHCOPHOM CUCTEMBI U NMPEANIOUYTEHUS UCIOIb30BaHUS 3pUTEIHHON HHPOPMAIIMK B KOHTPOJIE
noctypayibHoro 6ananca. [locrypanabHble HapyIIEHUs y MAIUEHTOB ¢ CHHAPOMOM IaJIeHUN U 3aKpbI-
TOYTOJILHOM TJIAyKOMO# B O0JbINeH cTenenn acconunpoBanbl ¢ C3, C3a u C5a KoMIOHEHTaMU CH-
CTeMbI KOMIIJIEMEHTA KPOBH U 0COOEHHO B (pyHKIMOHANBHBIX Tpodax COND 4, COND 6. 3ak/roye-
HHe: 3aKpBITOYTOJIbHAS ITIayKoMa MPUBOIUT K YXYIIIEHHUIO TOCTYPaJIbHOTO OajaHca ¢ IPOsSBIEHUEM
CHUH/IpOMa MAaJCHHUM, KOTOPBIA ACCOLMUPYETCS C CUCTEMOM KOMIIMMEHTA KPOBHU.
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Peculiarities of postural disorders and connec-
tions with the blood compliment system
in the case of falls syndrome in the elderly
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Abstract

Background: Natural and premature aging is accompanied by postural disorders, which are aggra-
vated in patients with ophthalmic pathology and lead to the occurrence of the falls syndrome, but
remain insufficiently studied in patients with angle-closure glaucoma with a change in the blood
compliment system. The aim of the study: To study postural disorders and connections with the
blood compliment system with angle-closure glaucoma. Materials and methods: The study was
conducted in 62 elderly patients with falls syndrome and angle-closure glaucoma (main group) and
49 60-74-year-old patients with no falls and angle-closure glaucoma and other eye diseases. Postural
disorders were studied using the Sensori Organization Test on a computer stabilometric complex in
6 functional tests (COND 1-6) and with an assessment of the somatosensory system, visual analyzer
and the use of visual information in ensuring postural balance. The components of the blood compli-
ment system were examined by enzyme immunoassay. The study of correlations was checked by the
correlation method using the program "Statistica 10.0". Results: Negative changes in postural bal-
ance in the elderly with falls syndrome and angle-closure glaucoma were detected in all 6 functional
tests, but the most pronounced deterioration was noted in functional tests COND 2, COND 4 and
COND 6. There was a decrease in the participation of the visual analyzer, somatosensory system and
preference for using visual information in control of postural balance. Postural disturbances in pa-
tients with falls syndrome and angle-closure glaucoma are more associated with C3 C3a and C5a
components of the blood compliment system and especially in functional tests COND 4, COND 6.
Conclusion: Angle-closure glaucoma leads to impaired postural balance with fall syndrome associ-
ated with the blood compliment system.

Keywords: postural disorders; angle-closure glaucoma; fall syndrome; elderly; blood compliment
system
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BBenenue. IlocTypasibHble HapylIeHUs
y MOXWJIbIX UIPAIOT BaXXHYIO POJIb B BO3HHUK-
HOBEHMM TIE€pHATPUYECKOr0 CUHApOMA Iaje-
HUH M BO MHOI'OM OIIPEIENSIIOT €r0 pacipo-
cTpaHeHHocTh [ 1, 2, 3]. Hanuuue 3puTenbHOro
neuuuTa B MOXKHUIOM BO3pacTe BCIEACTBUE
pa3nuYHON O(TATBLMOIOIMYECKON MATOJIOTHU
U IIPAKTUYECKUIIONIHAS [IOTEPS 3pEHMSI IIPH 3a-
KPBITOYTOJIBHOM IIayKOME YXY/IIalT MOCTY-
pasibHBIN OaJlaHC TAKMX MAIL[MEHTOB, 1ATOJIOTH-
YeCKHe HM3MEHEHHsT KOTOPOro 00YyCIIOBICHBI
CHIKEHHEM (DYHKLIMOHUPOBAHMSI CEHCOPHBIX
CUCTEM B TOM YHCJIE€ 3PUTEIBHOW CUCTEMBI U
JESATEIBHOCTH ONOPHO—JBUIATEIBHOIO allla-
pata, IPUBOJSILETO K HAPYIIEHUIO ITOCTYpaJib-
HOT'O KOHTPOJIS Y JIFOJI€H CTapLIMX BO3PACTHBIX
KaTeropuii ¥ (pOPMHUPOBAHUIO TOCTYPATHHON
HECTaOMJIBHOCTH, KpallHUM MpPOSIBICHUEM KO-
TOPOH SIBJISIETCA CUHAPOM IajeHuil [4, 5].
OpHako B repUaTpuvecKod IpaKTUKE
[IOCTYpaJIbHbIE HApyLIEHHUs] U CBA3aHHBIA C
3TUM CUHIPOM MaJeHui y mauueHToB 60-74
JIET, CTPAJAIOIIUX 3aKPhITOYTOJbHOM TayKo-
MOM, MpakTUuecku He uzyudeHsl. Cooluraercs
B HEMHOT'OUHMCJIEHHBIX MTyOJIUKaLUIX 00 yXy-
IIEHUU MapaMeTpoB MOCTypajbHOro OanaHca
IIpU CHW)KEHUU OCTPOTHI 3peHus 0e3 audde-
peHuuanuu o(pTanbMOJIOrHYecKUX 3a0oJeBa-
Huii [6-10]. IIpu 3TOM TIpH OTIEHKE MTOCTYpasihb-
HBIX HApYIIEHUH y MALlUEHTOB CO 3pUTEIIBHBIM
Ne(PUIUTOM PacCMaTPUBAETCSI COCTOSIHUE MBbI-
nieyHoro ammaparta [11], HO Heu3y4eHHBIM
OCTalOTCS KOPPESLIMOHHbBIE CBA3H C CUCTEMOM
KOMIUIEMEHTa KpOBHU. B CBS3M €O CKa3aHHBIM
BbIIII€ aKTyaJIbHBIM SBJIIETCS aHAJIU3 KOJIUYe-
CTBEHHBIX IIOKa3aresell MOCTypajbHOro Oa-
JaHCa ¥ W3MEHEHHUH CHCTEMbl KOMIUIEMEHTa
KpOBH IIPY CHHJPOME MaJCHUN Y MOKUJIIBIX I1a-
LIMEHTOB C 3aKPbITOYTOJILHOM TJ1ayKOMOiA.
Heas ucciaenosanus. Msyuenue nocry-
palbHBIX HapyLIEHUH U CBSI3€M C CUCTEMOM
KOMIUIEMEHTA KPOBH IIPU CHHIPOME MaJeHUN
y MOXHUJIBIX C 3aKPBITOYTOJIbHOM II1ayKOMO.
Martepnanbsl M MeTOAbI HCCJIEI0BA-
Hua. Hacrosmee nccinenoBanyue BKIOYaiIo 62
ManueHTa MOKUIIOr0 BO3pacTa C CHHIPOMOM

MaJICHUH U 3aKPBITOYTOJIBHOM TJIAyKOMOI, CO-
CTaBUBIIMX OCHOBHYIO TPYIIY, C BepH(pHIIHU-
POBaHHBIM JTMAarHO30M HAa OCHOBE KOMILIEKC-
HOTro 0()TaIbMOJIOINYECKOI0 00CIeI0BaHUs B
Tam60Bckom pumane MHTK «Mukpoxupyp-
rus ria3a uMenu akajgemuka C.H. ®énoposay.
JlnarHo3 3akpbITOYrOJbHOM TIJIayKOMBI yCTa-
HaBIUBaJICA B cooTBeTcTBUU ¢ «Hanmonains-
HBIM pyKOBOJICTBOM 110 riaykome» [12]. Kon-
TpOJIbHAs TPyIIa IpencrasicHa 49 manueH-
Tamu B Bo3pacte 60-74 et ¢ oTcyTCTBHEM Na-
JEHUI 1 3aKpBITOYTOJILHOW INIAyKOMBI U JpY-
roi 0(hTaITbMOJIOTHYECKOH MATOJIOTHH.
CraTtuueckuil noctypajibHoi O6anaHc na-
LIUEHTOB OIPEAEISICSI Ha KOMIBIOTEPHOM CTa-
OUIIOMETPUYECKOM KOMILJIEKCE «Smart
Equitest Balance Manager» (USA). Ilpu
OLICHKE ITOCTYpaJIbHBIX HAPYIIEHUH y MalueH-
TOB CpPAaBHMBAEMbIX TPYNN B HIACHTUYHBIX
YCIOBUAX MPUMEHSUIMCh 6 (yHKLIMOHAIBHBIX
po6 (Conditions) Tecta Sensori Organization
Test (SOT). [lepBas dbyHkumoHansHas npoda
(COND 1)npenycmarpuBaia OlEHKY CTaTHYe-
CKOT'0 TMOCTYpaJbHOTrO OajlaHca B CIIOKOMHOM
CTOSIHUU C OTKPBITIMU Ti1a3amu, a COND 2 —
IIPY CIIOKOWHOM CTOSIHMM C 3aKpBITBIMM TJla-
3amu, COND3 — crosiHue ¢ OTKpPBITBIMH TJia-
3aMH IIpH Bo3zencTBuY npoctpancTea, COND
4 — cTosiHuE C OTKPBITBIMU TJla3aMU IpPU BO3-
neiictBum nosepxHoctu onopsl, COND 5 — Bo
BpEMsl CTOSIHUS C 3aKPBITBIMM TJ1a3aMH TIpH
BO3JeMCTBUH onopHOM nosepxHoctu 1 COND
6 — IpU CTOSIHUM C OTKPBITBIMHU IJIa3aMH U Jie-
CTa0WIIN3HPYIOLIEM BO3JEHCTBUM INPOCTPaH-
CTBa U ONOPHOM noBepxHocTH. [locTypanbHas
CTaTU4ecKasl CTAOMIIBHOCTh B Ha3BAHHBIX MPO-
6ax onenuBayack oT 0 10 100 6amioB. Kpome
TOT'0, OMPEIEINAIOCHh yYaCTHE COMATOCEHCOp-
Hout cuctembl (RAT-SOM), paBHOE OTHOIIIE-
Huto cpenHeil BenuuuHbl Tpéx COND 2 k
cpenneit BemmumHe Tpéx COND 1; yuactue
3putenbHoro aHanuzaropa (RAT-VIS) — otHo-
menune Tpéx npod COND 4 k tpém npobam
COND 1[; npeanouyTenyie UCIoJIb30BaHUs 3pU-
TeNbHON MH(OPMALMU B MOCTYPAJIbHOM KOH-
tpoie (RAT-PREF) — oTHoleHHe CymMMBbl
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cpeaaux COND 3 u COND 6 k cymme COND
2 u COND 5, yMHOXKEHHOE BO BCEX CIIydasix
Ha 100%. Bennuuna noctypanbHoro 6anasca,
pasnas 100 6annam nim 100% pacrenuBanach
KaK HJIeaJbHOE PAaBHOBECUE U YCTOMUUBOCTb.

Cpenn KOMIIOHEHTOB CUCTEMBI KOMILIE-
MeHTa u3ydanuch C3, C3a, C4, C5, C5a B chI-
BOPOTKE KPOBHU HATOILAK [TOCPEICTBOM UMMY-
HO(EpMEHTHOTO aHajHM3a, a 3aTeM IMOCpe/-
CTBOM KOPPEJISLHMOHHOIO METOAa U Ipo-
rpammebl «Statistica 10.0» oneHHBaIUCH CBSA3U
[IEPEYHCICHHBIX KOMIIOHEHTOB CUCTEMbI KOM-
IUIEMEHTA C MOKa3aTeNsIMU (PYHKIIMOHATbHBIX
po6 COND 1-6 u ceHCOpPHBIMU CHCTEMaMH.
IIpy mocTpoeHHH KOPPEIALUOHHBIX MOJEIEH
HCIOJIb30BAJIUCh TOJIBKO CTATUCTUYECKU 3HA-
YUMbI€ BEJIMYUHBI KO3(PPUIMEHTOB KOppes-
uuu npu P<0,05.

[Ipu BBIOTHEHNH UCCIIETOBAHUS COOITIO-
JAaJIMCh ATUYECKUE HOPMBI U MPUHIMIIBL, TPO-
BO3MIAIIEHHBIE XEINbCUHCKON JEKIapaluen.

Pe3ysabTarhl U UX 00cy:xaenune. M3yde-
HUE CTAaTHYECKOro IOCTypalbHOTO OanaHca
MAMEHTOB MMOXXUJIOTO BO3PACTa, CTPAJAAIOIINX
3aKpBITOYTOJIBHOM IJ1ayKOMOW, C IIpUMEHE-
HUEM pa3IMYHBIX (YHKIMOHAIBHBIX MPOO
(COND 1-6) tecra SOT BbIsSIBWIO 110 CpaBHE-
HUIO C MalMeHTaMH aHAJIOTUYHON BO3PACTHOM
TpyNIbl, HE UMEIOIIEN 3aKPBITOYTOJIBHOM TJia-
YKOMBI B JIpyTroil 0(hTallbMOJIOTHYECKOM 1MaTo-
JIOTUU CTAaTUCTUYECKH 3HAUMMBIE Pa3inydus BO
Bcex ciydasx (tabmuua 1). B nauOosbieit
CTENEeHH CTaTUYECKHUE MOCTypaIbHbIe HApYIIIe-
HUS cpelu 00CIeOBaHHBIX MAIEHTOB C 3a-
KpPBITOYTOJIbHOM  TIJ1ayKOMOM  HaOIoAamuch
MIPH BBITIOJTHEHUH (DYHKIMOHAJIBHBIX P00 Te-
cta SOT B COND 6 (cTosiHME C OTKPBITHIMH
rJla3aMM IpU TOJHOM JE€CTaOUIM3UPYIOLIEM
MIPOCTPAHCTBEHHOM BO3/ICUCTBUU U OIOPHOI
noBepxHoctr) U COND 4 — necrabunusupyro-
1iee BO3JCCTBHE OMOPHOI MOBEPXHOCTU MPHU
CTOSIHUU C OTKPBITHIMU TJIa3aMHu.

Tabnuya 1

Cratnyeckuii MOCTYPAIbHBIN 0AJAHC MOKWIBIX NALMEHTOB ¢ CHHAPOMOM NaJleHUI U 3aKpbI-
TOYI0JIbHOM IJ1ayKOMO# 10 JaHHBIM TecTa Sensory Organization Test (SOT)

(M£m, %)

Table 1

Statistical postural balance of elderly patients with angle-closure glaucoma according
to Sensory Organization Test (SOT) (M£m, %)

Mokasareau SOT IManueHTHI NOKHIOTO ITanueHThI N0XKUJIO0r0 p
B03pacTa ¢ rJayKomMoi Bo3pacTa 0e3 r1ayKoMbl
COND 1 82,8+2,1 93,8+1,9 <0.01
COND 2 61,6£1,8 87,5£2,4 <0,001
COND 3 74,3+2,1 85,3+2,5 <0,001
COND 4 52,5+1,7 79,6123 <0,001
COND 5 56,2+1,5 64,7+1,8 <0,001
COND 6 50,8+1,2 61,4+1,4 <0,001
RAT-SOM 74,5+1,8 93,3+£2,6 <0,001
RAT-VIS 63,4+1,4 84,9+2,3 <0,001
RAT-PREF 106,5+2,3 96,5+1,8 <0,01

Onnako y manrieHToB 60-74 JIeT B BhIIIIE-
Ha3BaHHBIX (YHKIMOHAJIBHBIX Mpobax Tecra
SOT noctypasibHble HAPYIIEHUSI CTaTUCTUYE-
CKOM 3HAa4MMO MeHee BbIpaxkeHbl. Oco00 BbI-
paKEHHBIE Pa3IHMIUs OTMEYAITUCH TP BBITION-
HeHHH QyHKImoHanbHOM npo6st COND 4. Cy-
IIECTBEHHO CO CTATHCTUYECKH 3HAYUMBIM Pa3-
JIMYUEM CPeM CPAaBHUBAEMBIX TPYIIIT OTMEYa-
JIMCh CTAaTHYECKUE MTOCTYpaIbHBIC HAPYIICHUS
IpU TPOBEACHUHM (YHKIHMOHAIBHBIX MPOO

COND 2 u COND 5 (p<0,001). HecmoTps Ha
CTAaTHCTUYECKU 3HAYUMYIO Pa3HHILY CTETICHH
MOCTYpajbHOTO OajlaHca B OCHOBHOW M KOH-
TPOJBHOU TpymHmHax B APYrux (pyHKIHOHAIb-
HbIX po6ax (COND 1, COND 3), noctypais-
HbIE HAPYIICHUS B CPEIHEM Pa3THYaINCh Me-
Hee 3HAYUTEIhHO, YeM paHee PACCMOTPEHHEIE.

OmnpeneneHue CTENEHN y4acTHsI CEHCOP-
HBIX CHUCTEM B IOAACPKAHHU CTATHUYCCKOI'O
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Oayanca y marueHToB 60—74 J1eT ¢ 3aKphITO-
YTOJIBHOM TIayKOMO# U 0e3 3Toro odranbmo-
JIOTUYECKOr0 3a00JIeBaHUSI TAK)KE BBISIBHIIO
CTAaTHCTUYECKU 3HauuMble paziauuus. Oco-
OCHHO CYIIECTBEHHO y mamueHToB 60—74 ner
OCHOBHOW TPYIIIBI CHUKEHA CTETICHb YYacTUS
3pUTENBHOTO aHAIM3aTOPa B KOHTPOJIE MOCTY-
panbHoro 6ananca. [lo cpaBHeHUIO ¢ Tpynmnon
BO3PACTHOI'O KOHTPOJIsI HAOII0AATI0Ch TAKKE Y
MAUMEHTOB C 3aKPBITOYTOJILHON TIJIayKOMOi
CHIDKCHUE YJacTHUSI COMaTOCCHCOPHOU HH(OP-
MalMd B CTaTHYECKOM IIOCTYpaJlbHOM KOH-
Tposie. OcoOblii UHTEPEC CPeaH MAlHUEHTOB C
paccMaTpuBaeMoOi MaToOrHel MpecTaBiseT
€CTECTBCHHO OIICHKA CTEIICHU MPEATIOYTCHHUS
3pUTENbHON HH(GOPMAIIUU B MO ACPKAHUH T10-
crypansaoro 6Oamanca (RAT — PREF). Ero
CpenHsis BEIMYHMHA CTATUCTHYECKH 3HAUYUMO
BBIIIIC, Y€M TPU OTCYTCTBHH y MAIUEHTOB 3pH-
TeIBHOTO AeuIUTa.

AHanu3  KOPPEJSIIIMOHHBIX  CBS3€EH
MEXJIy HM3MEHEHHEM COJEp)KaHUA B ChIBO-
POTKE KPOBH KOMIIOHEHTOB CHCTEMbI KOMILIE-
MEHTa W HapyLUIeHUSAMHU MOCTypajbHOro Oa-
nagca manueHToB 60-74 jeT B MCCIIET0OBAaHHBIX
(YHKIMOHATBLHBIX MPOOaxX B OCHOBHOM M KOH-
TPOJBHON TPYMIAxX BBISBWII Pa3IMYHBIE COOT-
HOILIGHUSI U CTENEeHb COMPSLKEHHOCTH (pHCY-
HOK 1). Tak, cpenu nanueHToB IOKUIOr0 BO3-
pacTta ¢ 3aKpbhITOYTOJBHOM TJIayKOMOM C pe-
3yJbTaTaMU BBITIOJHEHUS (YHKIIMOHATBHBIX
po6 COND 1-6 u conpeprkaHueM B CBIBOPOTKE
KPOBU KOMIIOHEHTOB CHCTEMbl KOMILIEMEHTA
yCTaHOBJIIEHO 10 KOppEensiUOHHBIX CBS3€H
MPOTUB 3 CBSI3eH y MALIMEHTOB TAKOTO K€ BO3-
pacTa, He UMEIOIINX 3aKPBITOYTOIbHYIO TJIay-
KOMY, YTO YKa3bIBa€T Ha MOBBILLIEHUE aCCOLU-
alMy paccMaTpUBAaeMbIX MOKa3aTeslei BCiel-
CTBHE Pa3BUTH 00CYKIaeMoil OQTaaIbMOIO0-
TMYECKON MaTOJIOTHH.

Puc. 1. KoppensiuoHHble CTaTHYECKU 3HAYMMBIE CBSI3U MEK/Y NOCTYpalbHBIM OaJaHCOM
B (hyHKuMoHaNbHBIX Tpobax COND 1-6 u copepxaHreM KOMIIOHEHTOB CUCTEMbI KOMILIEMEHTA
KpPOBHU y MAI[MEHTOB OCHOBHOM (A) 1 koHTposibHOM (B) rpymm.
Fig. 1. Correlation of statically significant relationships between the postural balance in functional
tests COND 1-6 and the content of components of the blood complement system in patients
of the main (A) and control (B) groups.

[Ipu Ha3BaHHOM 3a00JI€BaHUM Y TMAIMEH-
TOB MaKCHMAaJIbHasl CONPSHKEHHOCTh, XapaKTe-
pU3YIOIAsAcs JOCTOBEPHON OOpaTHOM CBSA3BIO,
BBISIBJIEHA JIJIsl U3MEHEHUS YPOBHSI KOMIIOHEHTBI
C5a cucTeMbl KOMILJIEMEHTA, MPEACTABICHHAS
4 KOppENALMOHHBIMU CBSI3MH, OJHA U3 KOTO-
PBIX COOTBETCTBYET CHJIbHOW OOpaTHOI CBSI3U C

¢yukumonansHOM npoboit COND 6, korna
=-0,735. Tpu npyrue oOpaTHblE CBSI3U
(p<0,001) cooTBETCTBYIOT YMEPEHHOI KOppEsi-
mud 1 BeEBiIeHBl At COND 2 (r=0,486),
COND 4 (r=-0,442) u COND 5 (r=-0,628).
Bricokass  cOnNpspKEHHOCTH — IIpHUCyLIA
takxe C3a-KOMIIOHEHTE CUCTEMbI KOMITJIEMEHTA
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¢ COND 6 (r=0,648), COND 5 (1=0,574) u
COND 4 (r=0,581), HO ©MeIOIIME B OTIIMYHE OT
paHee paccMoTpeHHOM (C5a-KOMIIOHEHTBI, Tps-
MbIE yMEpEHHbBIC CBSI3U (p<0,001).
C3-kOMIIOHEHTa CHCTEMBl KOMIUIEMEHTa Yy
OONBHBIX C 3aKPBITOYTOJBHOW TTIAYKOMOH CBSI-
3aHa ¢ COND 6 (r=0,523) u COND 5 (r=0,413).
C4-xoMITIOHEHTA UMEET OJIHY KOPPEJIALMIO C BbI-
noHeHneM (yHKIoHanbHOM poosr COND 6.

Cpenu NAIMEHTOB KOHTPOJIbHOM
IpyNIbl HAaUOOJbIIas MHTErPalus CBOMCTBEHHA
C3-KOMITIOHEHTE CHCTEMbl KOMIUIEMEHTA, Ipu-
yém koppessinuoHHas ¢Bsizb ¢ COND 6 saBiisi-
ercs ymepenHout (r=0,324). Cnabas mnpsimas
CBSI3b 9TOI KOMIIOHEHTHI YCTaHOBJIEHA C (PyHK-
oHabHOM TIpo6oit COND 5 (1=0,285). O06-
patHas crnabas KOpPPEJSIIMOHHAS CBSI3b BBISIB-
JIeHa B KOHTPOJBbHON Tpymme wMmexay CSa-
komrnonenTor 1 COND 6.

Nzyuenne conpsskEHHOCTH CEHCOPHBIX
CHCTEM M aHAJIW3aTOPOB C KOMIIOHEHTaMH CH-
CTeMbI KOMIUIEMEHTa Yy marueHToB 60-74 et ¢

3aKpBITOYTOJIBHOM TJIayKOMOW M 03 HeE BbI-
SIBWIO Pa3JIMUHYI0 CTENEHb acCOLMALUN (pUcy-
HOK 2). HaubGonpmias compsukKEHHOCTb MEXKITY
AQHATM3UPYEMbIMU TIapaMeTpaMH  yCTAaHOBJICHA
JUIL OCHOBHOM TPYIIIBI, B KOTOPOM 3aperucTpHU-
pOBaHO 6 CTAaTUCTUYECKU 3HAYMMBIX cBsizell. [1o
JIB€ KOppEJSIMOHHBIE CBsi3u uMmeoT ¢ (CSa-
komrioHeHTa U (C3a-KOMITOHEHTa CUCTEMbI KOM-
wiemeHTa ¢ RAT-PREF u co 3putenbHbIM aHa-
m3atopoM. MmeroT oOpaTHyio 3aBUCHMOCTBH C
RAT-VTS (1=-0,786) u ¢ y4acTreM 3puTeIIbHOM
uHdopmanun (r=-0,683) B moIepKaHNK CTaTH-
YEeCKOro mocrypanbHoro Oananca. Hanporus,
(C3a- KOMITOHEHTa CUCTEMbI KOMITJIEMEHTa HaXo-
JIUTCS B MPSIMOM CUJIBHOM CBSI3U CO 3PUTEIbHBIM
a"HaymzaropoM (1=0,845) u ymepeHHOM! CBS3U CO
3Ha4YeHUEeM 3pHUTenbHON nHpopmarun (1=0,547).
Co 3putenbubiM ananuzaropom (RAT-VIS) kop-
pemupytor  Takke C4-xommnonenta u  C3-
KOMITOHEHTa CHCTEMbl KoMIUleMeHTa. Bo Bcex
CITyYasiX CBSI3U CTATUCTUUECKU 3HAYMMBI.

A
Puc. 2. KoppensiiimoHHbIE CTATUCTUYECKU 3HAYMMBbIE CBSI3U MEX/y MOCTYpaIbHBIM OAaJIaHCOM,

b

CBA3aHHBIM C Y4aCTHEM CCHCOPHBIX CUCTEM, U COACPIKAHUEM KOMIIOHCHTOB CUCTCMbI KOMIIJICMCHTA

KpPOBHU y MAI[MEHTOB OCHOBHOM (A) 1 koHTposibHOM (B) rpymm.
ITpumeuanue: RAT-SOM — comatoceHcopHas cuctema, RAT-VIS — 3putensusiii ananusatop, RAT-PREF — 3purensnas

nHpopmarnus.

Fig. 2. Correlation statistically significant relationships between the postural balances associated
with the participation of sensory systems and the content of components of the blood complement

system in patients of the main (A) and control (B) groups.
Note: RAT-SOM — somatosensory system, RAT-VIS — visual analyzer, RAT-PREF — visual information.

B KOHTpONBHOM Ipynne manueHToB 00-
Hapy»XEHO BCEro 2 CTaTUCTUYECKH 3HAUYMMBbIE
Koppesinuu — Mexay C5a-KOMIIOHEHTOH co
3pUTENbHBIM aHanu3zatopoM (r=-0,326) u c

y4acTHEeM 3pHUTEIbHON WH(pOpMAIMKA B TIOA-
JiepKaHUU TOCTYPaJIbHOTO CTaTHYECKOro 0Oa-
naHca ¢ C3a-KOMIIOHEHTON CUCTEMbI KOMILJIe-
MeHTa KpoBH (1=0,344).
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WHTerpaTuBHBIE CBSI3U MEXIY CEHCOP-
HOHM CUCTEMOM, 3pUTEIbHBIM AHAIN3ATOPOM U
BECTHOYJISIPHBIM amapaTroM, 10 JaHHBIM pa-
Hee BBIMOJIHEHHBIX ucciaeaoBanuii [11, 13]
o0ecneynBaoT aleKBaTHbI KOHTPOJIb MOCTY-
panpHOTrO OajlaHca y 4eJI0OBEKa, B TOM YHUCIIC B
CTapUIMX BO3pacTHbIX rpymnmnax. Hamu noxa-
3aHO, YTO y IOKUJIBIX ITALIUEHTOB C 3aKPBITO-
YIOJBHOM ITIayKOMOW HMEIOTCSI HapyILICHUs
CTaTUYECKOI0 IOCTypajbHOro OanaHca 110
BCEM M3YyYEHHBIM I10KA3aTeNsIM KOMIIBIOTEp-
HOr0 CTa0MJIOMETPUYECKOIO 00CieI0BaHNUS.
[Tpu 3TOM Hauboee BBIpAKEHHOE YXYALICHUE
[IOCTYPAJIbHOTO KOHTPOJISI BBISBICHO B (DYHK-
uuoHanbHOM mpode COND4 u COND 2. Bos-
HUKHOBEHHUE CUHAPOMA MaIEHUI U IOCTYPaJlb-
HBIX HapyIllIEHU! B MOXXUJIOM BO3pacTe Cylie-
CTBEHHO BO3pacTacT IPU CHUIKEHHON OCTPOTE
3penust [11]. ABTOpBI MOJArarOT, 4YTO HATUYHE
3pUTEIBHOTO AeuuuTa SBISETCS HEBOCIOJ-
HUMBIM U BEZIET 00513aTEIHHO K CHIKEHHUIO 3(h-
(EeKTUBHOCTH IOCTypajbHOTrO OanaHca, cra-
OMJIBHOCTH BEPTUKAJIBHOHN MO3bI U BO3HHKHO-
BEHUIO CUHJpOMa MaIeHUI.

Cpenu Tpex CEHCOpPHBIX CHUCTEM 3Hadye-
HUE 3PUTEIILHON CUCTEMBI CUUTAETCS OIpelie-
JISFOIUM B CHUOKEHUH IIOCTYPAJIbHOU yCTOMYH-
BOCTH [6, 7]. [laTonorus 3puTenbHOM CHCTEMBI
MOBBIIIAET BEPOSTHOCTb BO3HUKHOBEHUS IIO-
CTypaibHbIX HapyumieHund Ha 50% wnu BbllIe
[6], a cHUXKEHUE 3peHHs] YBETUUMBAET MOCTY-
paJlbHYI0 HEYCTOMYMBOCTD M 4YacTOTy CHH-
npoma najaeHuil. Kak u3BectHo, y Jroaen mnosie
3pEeHus AEIUTCS Ha HEHTPaIbHOE U Nepudepu-
4yecKoe, 0OHapyKHUBaroIIue 00bEKThI COOTBET-
CTBEHHO B HAIpPAaBJICHUU B3IVIS1a U HAJIWYHE
OKpY’KalolIMX 0OBEKTOB B JIaTe€pabHBIX 00JIa-
CTSX. Y MOJIOABIX My>KUUH U )KEHIIVH YCTaHOB-
JICHO yXYJIIEHHWE TaKuX IOKazaTesiell MoCTy-
panbHOro OanaHca — JUIMHA 11ara U CKOpPOCTb
IIPU BBINOJIHEHUH TecTa (PyHKLIMOHAIBHON J10-
CSITa€MOCTH C OTKPBITBIMU M 3aKPBITBIMHU IJIa-
3amu [6]. Kpome TorO, M3BECTHO, YTO Yy TaIH-
€HTOB CTapyeCKOro BO3pacTa C HapylIEHHEM
3peHHsI UMeNlach HE TOJIBKO HHU3Kas CKOPOCTh
X0/1b0bI, HO U 00Jiee KOPOTKOE BpeMsl CTOSIHUS
Ha OJIHOM HOTe, 4eM y JIUI] Oe3 HapylIeHus 3pe-
Hus [7]. Tak, yka3aHHbIE MOKa3aTeaH MOCTY-
paJIbHBIX HapyLIEHUH COCTaBUIM COOTBET-
CTBEHHO y TMAlMEHTOB C HapylleHHeM U 0Oe3

HapymieHus: 3perums 1,5+0,4 wm/c  mpoTuB
1,7¢0,4 wm/c (p<0,01) m 17,6+£19,6 mpotus
27,6£21,3 (p<0,01). OmHako 0 KOPPESIMOH-
HBIX CBSI3aX IOCTYpaJbHOIO OanaHca y MOKH-
JIBIX TALMEHTOB C 3aKPBITOYTOJILHOM TIi1ayKo-
MO ¢ CUCTEMON KOMIUIEMEHTa KPOBH B Hayy-
HBIX IMyOJIUKAIMIX HE COO0LIaeTcs, HO, KaK Mo-
Ka3aHO HaMH, TaKue accouualuu oosee BbIpa-
YKCHBI U UMEIOTCSI B OOJIBIIIEM KOJTMUYECTBE Y I1a-
LMEHTOB C 3aKPBITOYTOJILHOM ITTayKOMOM, YeM
IIPH €€ OTCYTCTBUU, YTO CBUIETEILCTBYET O Ia-
TOJIOTHUECKOM CBA3M KOMITOHEHTOB CHCTEMBbI
KOMIUIMMEHTa KPOBU C (DOPMHUPOBAHHEM TIO-
CTYpaJIbHON HEYCTONYMBOCTH IIPH JaHHOH O-
TaJIbMOIIATOJIOTUN C CHHJIPOMOM TaJICHUH.

3ak/rouenue. Hapymenus moctypaib-
HOTO OanaHca, BRICTYIAIONINE TPUIUHON CHH-
JpoMa MaJeHull y NalMeHTOB MOXKUJIOro BO3-
pacta ¢ 3aKpbITOYrOJIbHOM TIJIayKOMOW, B
HauOOJbIIEeH CTETICHH BHIPAXKEHBI B (PYHKIIHO-
HanbHBIX Tpobax COND 6, COND 4 u COND
2 Sensory Organization Test. Yxyamenue mno-
CTYpaJbHOTO KOHTPOJII B OCHOBHOWM TpyIIIe
YCTAHOBJIEHO TAK)KE M0 YYaCTHUIO 3pUTEIILHOTO
aHaJIM3aTopa U MPEANOYTEHUIO HCIOJIb30Ba-
HUS 3pUTENBbHON MH(OpPMALUKU B MOCTYpalb-
HOM KoHTpose. [loka3zaHa TecHas compsKeH-
HOCTh COJIEpP’)KaHHSI KOMIIOHEHTOB CHCTEMBI
komruieMeHnTa kpoBu — C3a u C5a ¢ yxymiie-
HUEM TMOCTypalbHOro OanaHca B (PYHKIHO-
HanbpHBIX podax COND 4, COND 5, COND
6, 3pUTENHHON CHUCTEMOW U 3HAUEHUEM 3pH-
TeNbHOW HMH(OpMaIMKM B €ro oOecrneueHuw,
9TO CJEAYyeT YYUTHIBATh B TepUATPHUSCKOMN
MIPaKTHUKE.
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