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Abstract. Relevance. The use of radiation therapy in the treatment of malignant neoplasms actualizes the study of ways to
protect healthy tissues from radiation damage. Due to the small number of studies aimed at studying structural and functional
changes of kidneys both at their direct irradiation with electrons and at radiotherapy of adjacent organs, it is necessary to carry
out complex research. One of the promising directions of radiation nephropathy treatment is the use of antioxidant preparations,
in particular ascorbic acid. Aim. Morphofunctional evaluation of the kidney after local electron irradiation and ascorbic acid
administration. Materials and Methods. Wistar rats (n=90) were divided into groups: I — control (n=15); I — irradiation, 2 Gy
dose (n=15); IIT — irradiation, 8 Gy dose (n=15); IV — irradiation, 2 Gy dose + ascorbic acid (intraperitoneal injection; dose
50 mg/kg) (n=15); V — irradiation, 8 Gy dose + ascorbic acid (intraperitoneal injection; dose 50 mg/kg) (n=15); VI — ascorbic
acid (intraperitoneal injection; dose 50 mg/kg) (n=15). Kidney slides were stained with hematoxylin and eosin. In addition,
blood biochemical examination was performed for creatinine, urea nitrogen, C-reactive protein, cystatin C to creatinine ratio
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was calculated, and kidney homogenate for malonic dialdehyde (MDA), superoxide dismutase (SOD), and glutathione (GSH)
concentration levels. Results and Discussion. It was found that pre-radiation administration of ascorbic acid (intraperitoneal
injection; dose 50 mg/kg) in the model of acute radiation nephropathy induced by local irradiation with electrons at doses of 2 Gy
and 8 Gy contributed to a pronounced reduction of pathomorphologic and biochemical changes. Conclusion. Local irradiation
with electrons at doses of 2 Gy and 8 Gy leads to the development of radiation nephropathy. At the same time, pre-irradiation
administration of ascorbic acid reduces the strength of radiation-induced kidney damage, as well as enhances the efficiency of
antioxidant defense.
Keywords: radiation nephropathy, electron irradiation, kidney, ascorbic acid, oxidative stress
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Introduction Radiation damage to the kidneys leads to both acute

In the treatment of malignant neoplasms, isolated
or complex methods: radiotherapy, chemotherapy and
surgery are the key choices. However, early, or late
post-radiotherapy complications are possible with
radiotherapy [1, 2]. Special attention is paid to the
dose-dependent effects of charged particles: electrons
and others [3].

Kidneys are the most important organ involved
in the maintenance and regulation of fluid, acid-base,
and electrolyte metabolism, as well as in the excretion
of metabolites, regulation of blood pressure, synthesis
of erythropoietin to stimulate red blood cell formation
and activation of vitamin D, etc. [4].
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and chronic morphofunctional changes in the glomerular
apparatus and nephrons, which are accompanied by
apoptosis or necrosis of endothelial cells, nephrocytes,
etc., and, in late stages, to the development of fibrosis or
atrophy. The accumulation of toxic metabolites caused
by radiation nephropathy is complicated by chronic renal
failure requiring replacement therapy, including dialysis
or transplantation [5—7]. Therefore, high importance
is attached to the development of effective methods of
radiation complications protection [8].

A few studies have revealed that the use of antioxidants
helps to reduce the level of post-radiation damage to
various organs. One of such drugs is ascorbic acid [9-12].
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Thus, due to the small number of studies aimed
at studying structural and functional changes in the
kidneys, both during their direct irradiation with
electrons, and during radiotherapy of malignant
neoplasms of neighboring organs, it is necessary to
conduct a comprehensive study. It will help to form
an idea about dose-dependent effect and pathogenesis
of radiation damage of kidneys with determination
of optimal mode of radiation therapy. To analyze
the effects of radiation damage and recovery, first,
of the glomerular apparatus, it is necessary to
characterize the main pathomorphological changes,
considering the range of toxic effects, to assess the
state of the life cycle (proliferation and apoptosis),
the degree of fibrosis and others. Separately, it
should be emphasized the importance of developing
methods of prevention of acute and chronic radiation
nephropathy, for example, by the introduction of
drugs with a protective effect.

The aim of the study was morphofunctional
evaluation of the kidney after local electron irradiation
and ascorbic acid administration.

Material and methods

Animals for in vivo study

Male Wistar rats (220.3+£10.6 g; 9—10 weeks
old; n=90) were kept in a vivarium under controlled
temperature (22 °C) and light period (12L:12D) with
free access to water and standard food. The rats were
divided into six experimental groups:

*  Group I (n=15) — control;

* Group II (n=15) — animals were subjected to
a single local irradiation with electrons at dose of 2 Gy;

* Group III (n=15) — animals were subjected to
a single local irradiation with electrons at dose of 8 Gy;

* Group IV (n=15) — before irradiation with
electrons at dose of 2 Gy, animals were administered
ascorbic acid (intraperitoneal injection; dose 50 mg/kg);

* Group V (n=15) — before irradiation with
electrons at dose of 8 Gy, the animals were administered
ascorbic acid (intraperitoneal injection; dose 50 mg/kg);

* Group VI (n=15) — animals were administered
ascorbic acid (intraperitoneal injection; dose 50 mg/kg).

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

Animals of all groups were removed from the
experiment by administering high doses of anesthetic
(intraperitoneal injections of ketamine + xylazine) on
the 7th day of the experiment (the start date of the
experiment was considered the last day of irradiation).
All manipulations were performed in accordance
with the “International Guidelines for Biomedical
Research Using Animals” (EEC, Strasbourg, 1985)
and the Declaration of Helsinki of the World Medical
Association. The study was approved by the Local
Ethics Committee of the National Medical Radiological
Research Center (protocol No. 6 of 27/04/23).

Biochemical assays

Blood levels of creatinine, urea nitrogen, C-reactive
protein, and the ratio of cystatin C to creatinine were
measured. Serum creatinine and urea nitrogen levels
were determined using commercial kits (Pars Azemoon,
Iran), and cystatin C levels were quantified by enzyme-
linked immunosorbent assay using a commercial rat kit
(Cusabio, China).

Oxidative stress markers

Kidney homogenate was obtained by homogenizing
1 g of tissue in 4.5 ml of cold potassium buffer (pH 7.4).
The solution was then centrifuged at 13000 rpm for 10 min
at 4 °C. The supernatant was then stored at — 80 °C. The
levels of malonic dialdehyde (MDA) as a biomarker of
lipid peroxidation, superoxide dismutase (SOD), and
glutathione (GSH) in kidney homogenate were evaluated
using ELISA kits (Lifespan Biosciences, USA).

Morphologic study

After extraction, the appearance of kidneys and
the state of parenchyma on the section were evaluated
(blood filling, inflammatory changes, atrophy, etc.),
weighed (absolute — in grams and relative — in
relation to body weight, in %). Kidney fragments
were fixed in a solution of buffered formalin, after
wiring (histological tissue wiring machine, “Leica
Biosystems”, Germany) were cast into paraffin blocks,
from which serial sections (3 pm thick) were prepared,
dewaxed, dehydrated and stained with Mayer’s
hematoxylin and eosin.
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Considering that radiation nephropathy is
manifested by lesions of tubules (thrombotic
microangiopathy, collapse), nephron tubules and
interstitial component, which lead to glomerulosclerosis
and tubulointerstitial fibrosis by light microscopy
(in 10 random fields of view at magnification x200) we
evaluated vacuolization, dystrophy, atrophy of cortical
tubules and nephron tubules; inflammation; necrosis.

Statistical analysis

All statistical analyses were performed using the
computer program SPSS 12.0 for Windows (IBM
Analytics, USA). All data are presented in the format
of mean + standard deviation (M+SD). Kolmogorov-
Smirnov test was used for each sample separately
to test the hypothesis of normality of distribution
of values. In case of normal distribution, Student’s
t-test was used. Differences between samples were
considered statistically significant at a significance level
of p < 0.05, established before the analysis.

Results and discussion

Body weight of animals of experimental groups
decreased in relation to control (p <0.05). The
introduction of protectors in groups IV and V gave
a statistically significant change in this index compared
to groups II and III.

The kidney weight after electron irradiation decreased
in relation to the control groups (p <0.05). As a result

of ascorbic acid administration, statistically significant
changes in organ weight were observed in groups IV and V
compared to groups II and III. In Group VI no statistically
significant changes in these parameters were observed
compared to the control group (Table 1).

A significant increase was found in the study of
serum creatinine level in groups II and III, in comparison
with the control group (p < 0.05). In group IV and
V insignificant changes were observed in comparison
with the control (p<0.05). In group VI no statistically
significant changes in these parameters were observed
compared to the control group (Table 2).

The level of urea nitrogen in serum in all groups
exposed to radiation increased significantly compared
to the control group (p <0.05). In groups IV and V, the
amount of urea nitrogen in blood decreased compared
to the groups exposed to electrons (Table 2).

The study revealed a significant increase in the
level of C-reactive protein in the blood of groups II
and IIT compared to the control (p <0.05). However,
with pre-radiation administration of ascorbic acid the
increase in CRP level was insignificant. No statistically
significant changes in these parameters were observed
in Group VI compared to the control group (p <0.05)
(Table 2).

The ratio of cystatin C to creatinine in serum
significantly increased after irradiation at a dose of 8 Gy
(group IIT) compared to the control group (p <0.05). In
the other groups no statistically significant changes in
these parameters were found (p <0.05) (Table 2).

Table 1
Animal weight and kidney weight of control and experimental groups
Group n Weight of animal, g Weight of kidney, g
Control 15 220,3+10,6 2,16+0,03
Irradiation 2 Gy 15 196,4+4,7a 1,76 £0,01a
Irradiation 8 Gy 15 181,2+6,1a 1,62+0,02a
Irradiation 2 Gy + AA 15 206,4+2,1b 1,83+0,02b
Irradiation 8 Gy + AA 15 193,4+3,4b 1,71+0,03b
AA 15 226,1+5,7 2,26 +0,02

Note: Data are presented as mean + standard deviation (M + SD). The Kruskal — Wallis test was used to test the statistical significance
of differences between groups. Statistically significant differences compared to the control group are labeled in the Table as

Irradiation (a) and Irradiation + AA (b); p < 0.05.
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Table 2

Levels of creatinine, C-reactive protein, urea nitrogen, cystatin C to creatinine ratio in control and experimental groups

Group Creatinine, C-reactive protein, Urea nitrogen level, Cyst. C/ creatinin,
mg/dL mg/| mg/dL ng/ml/mg/dl
Control 0,516 = 0,005 2,11 £ 0,031 16,24 £ 0,27 6,0+0,14
Irradiation 2 Gy 0,563 + 0,015a 2,81 +0,029a 18,56 + 0,38a 6,15+ 0,07a
Irradiation 8 Gy 0,641 +0,024a 3,54+021a 22,1 +0,13a 718 +0,1a
Irradiation 2 Gy + AA 0,524 + 0,002b 2,63+0,12b 1718 +0,31b 6,20 + 0,05b
Irradiation 8 Gy + AA 0,537 +0,003b 3,17 +0,095b 19,75+ 0,12b 6,74 £0,18b
AA 0,519 + 0,001 222+0,134 15,88 £ 0,26 6,03+0,12

Note: Data are presented as mean + standard deviation (M+SD). The Kruskal — Wallis test was used to test the statistical significance
of differences between groups. Statistically significant differences compared to the control group are labeled in the Table as

Irradiation (a) and Irradiation + AA (b); p < 0.05.

In the kidney tissue homogenate after a single
irradiation with electrons at doses of 2 Gy and 8 Gy,
an increase in the level of malonic dialdehyde (MDA)
by 3.1 times and 7.3 times was found, respectively.
In addition, in group III, a 31.4 % decrease in
superoxide dismutase (SOD) and a 28 % decrease
in glutathione (GSH) level were observed compared
to the control group (p < 0.01). In groups I'V and
V, insignificant changes in MDA, SOD and GSH
values were observed compared to control values. In
group VI, no significant changes in SOD and GSH
levels were found, but MDA level was insignificantly
lower (by 7.1 %) than in the control group (p < 0.05)
(Table 3).

At light microscopy of kidney slices of the control
group (intact animals) normal histoarchitectonics was
observed (Fig.).

In kidneys after a single local irradiation with
electrons at doses of 2 Gy and 8 Gy the number of
vascular tubules was reduced, Bowman’s capsule was
dilated, signs of dystrophic changes in the epithelium
of nephron tubules with the appearance of intense
pycnotic nuclei in the proximal part, dissociation
of macula densa cells, as well as perivascular and
paraglomerular edema, abundance of blood vessels
were observed. The deepest kidney damage was
observed in group III, where damaged tubules
accounted for up to 1/5 of the kidney.

At pre-radiation administration of ascorbic acid
in groups IV and V, the degree of pathomorphologic
changes was reduced. No significant differences in renal
structures were found between the groups of ascorbic
acid mono-injection and the control group.

Table 3

Levels of malonic dialdehyde (MDA), superoxide dismutase (SOD) and glutathione (GSH)
in kidney homogenate of control and experimental groups

Group MDA SOD GSH
Control 11,2103 63,9+4,6 11,2106
Irradiation 2 Gy 346+2,7a 53,4+3,1a 9,4+0,5a
Irradiation 8 Gy 79,5t 4,2a 421 +2,2a 8,1+0,3a
Irradiation 2 Gy + AA 26,8 +3,1b 57,5+1,7b 10,4+0,7b
Irradiation 8 Gy + AA 38,8+2,1b 48,8 + 3,6b 9,1+0,3b
AA 10404 59,8+28 12,8+0,8

Note: Data are presented as mean * standard deviation (M+SD). The Kruskal — Wallis test was used to test the statistical significance
of differences between groups. Statistically significant differences compared to the control group are labeled in the Table as

Irradiation (a) and Irradiation + AA (b); p < 0.05.

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY
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Control

IRe-2 Gy + AA

IRe- 2 Gy

IRe-8 Gy

IRe- 8 Gy + AA AA

Fig. Kidneys of control and experimental groups. Hematoxylin and eosin staining, magnification. x 200. In kidneys after
irradiation at doses 2 Gy and 8 Gy, a decrease in the number of tubules, dystrophic changes in the epithelium of nephron tubules,
and abundance of blood vessels were found, especially at dose 8 Gy. At doses 2 Gy + AA and 8 Gy + AA groups the degree of
pathomorphologic changes was reduced

Notes: IRe- 2 Gy — experimental group irradiated with electrons at a single focal dose of 2 Gray; IRe- 8 Gy — experimental group
irradiated with electrons at a single focal dose of 8 Gray; IRe- 2 Gy + AA and IRe- 8 Gy + AA — experimental groups irradiated with
electrons at a single focal dose of 2 and 8 Gray); AA — ascorbic acid.

The present work is devoted to the structural and
functional study of the protective effect of ascorbic
acid on kidney structures in a model of acute radiation
nephropathy induced by single electron irradiation at
doses of 2 Gy and 8 Gy.

Radiotherapy, in particular electron irradiation, is
one of the effective methods of treatment of malignant
tumors of the kidney and retroperitoneum [13,
14]. However, its use is accompanied by the risk
of radiation-induced organ damage development,
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including two subsequent phases — inflammation and
fibrosis [15, 16]. Therefore, the most important task
of modern radiation therapy is to improve the safety
of radiation exposure and minimize the associated
side effects.

To date, there is limited data on the issue of electron
irradiation. Most studies in specialized literature are
devoted to other types of radiation. For example, after
X-, gamma-exposure deep degenerative changes of
nephron tubules and tubules are observed, etc. [17, 18].
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The observed development of acute vascular
reactions after local irradiation with electrons may
indicate dysfunction due to damage of the renal tubular
apparatus, which are most pronounced after exposure to
a dose of 8 Gy. However, the revealed pathomorphologic
changes were less pronounced compared to other types
of irradiations.

To assess the severity of oxidative stress as well
as the independence of antioxidant defense, GSH,
MDA and SOD markers were analyzed. Exposure to
electrons initiates the formation of reactive oxygen
species as well as lipid peroxidation. These biochemical
changes are accompanied by an increase in the level
of malonic dialdehyde, which reflects the degree of
lipid peroxidation, a decrease in the level of superoxide
dismutase (one of the key participants of the protective
antioxidant system of the body), and changes in the
level of glutathione [19-21].

Thus, one of the elements of kidney damage after
electron irradiation is oxidative stress caused by the
exponential release of large amounts of free oxygen
radicals, nitrogen radicals, and lipid peroxidation
products. Due to the lack of sufficiently effective
methods to protect genetic material from the direct
effects of radiation, the fight against oxidative stress
turns out to be the key direction of action of protective
agents. This concept became a determining factor in
the choice of ascorbic acid as a protector.

Ascorbic acid can block the key biochemical
components of oxidative stress, preventing the formation
of toxic radicals. Protective properties contribute to
the protection not only of nephron tubule epithelial
cells, but also of endothelial cells of the vascular
tubule. In groups IV and V, where ascorbic acid was
administered before electron irradiation (at doses 2 Gy
and 8 Gy, respectively), a decrease in the degree of
pathomorphological changes characteristic of radiation
damage to the kidneys was found.

Analysis of malonic dialdehyde (MDA), superoxide
dismutase (SOD) and glutathione (GSH) levels in kidney
homogenate demonstrates a potential protective effect of
ascorbic acid to reduce radiation-induced nephropathy.

Thus, based on morphofunctional and biochemical
analysis of kidneys after irradiation with electrons

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

at doses of 2 Gy and 8 Gy and pre-irradiation
administration of ascorbic acid we can speak about its
possible protective effect, for confirmation of which it
is necessary to conduct further studies.

Conclusion

Local irradiation with electrons at doses of 2 Gy and
8 Gy leads to the development of radiation nephropathy.
At the same time, administration of ascorbic acid reduces
the strength of radiation-induced kidney damage, as well
as enhances the effectiveness of antioxidant defense.
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AnHoTanmsa. AkmyaabHocmb. VIcronp30BaHKe JTyUeBO Tepariy MpH JIedeHnH 3/10KaueCTBeHHBIX HOBooOpa3zoeanuii (3HO)
aKTya/JM3upyeT U3yueHre CrIoCOO0B 3alUTHI 30POBBIX TKaHeld OT pajvaljuOHHOTO MOBPeXeHus. BBHIy Majioro KojM4ecTsa
WCCIIe/0OBaHUM, HAalpaB/IeHHBIX Ha M3yueHre CTPYKTYPHO-(QYHKIIMOHAIBHBIX H3MeHEeHWH 1ouek, KaK Py UX HeroCpe/jCTBeH-
HOM 00/TyueHUH 37eKTPOHAMMU, TaK U MpH paguorepanuy 3HO cocefHuX opraHoB HEOOXOAUMO TIPOBE/IEHHE KOMITIEKCHOTO
nccnenoBanusi. OHUM U3 TIePCIIeKTUBHBIX HAllpaB/IeHUH JleueHus] paJialluOHHON HedponaTru sIBsieTCsl UCI0/Tb30BaHNe
TIperiapaToB-aHTUOKCHU/JAHTOB, B YaCTHOCTH acCKOPOMHOBOI KUC/I0THI. Llesb: MopdodyHKIMOHaIBHAs OLjeHKa [TOYKH I10CIe
JIOKa/IbHOTO 00/TyueHUs 3/1IeKTPOHAMU U BBeJleHHs1 ackopOMHOBOM KUC/IOThl. Marepurainsl U MeToabl. Kpbics! Wistar (n=90)
6bUTH pa3fesnieHsl Ha rpynmbl: [ — koHTposbHas (n=15); 1T — o6nyuenue, PO/ 2 I'p (n=15); III — obnyuenue, PO/ 8 I'p (n=15);
IV — obnyuenue, PO/I 2 T'p + ackopOuHOBasi KUC/IOTA (MHTpanepuToHea bHast UHbeKIs; fo3a 50 mr/kr) (n=15); V — obnyueHue,
PO/ 8 T'p + ackopOuHOBast KUCI0Ta (MHTpariepuToHeaibHast MHbeKus; fo3a 50 mr/kr) (n=15); VI — ackopbuHOBast Kuciota
(vHTparnepuTOHeabHast MHbeKLHS; fo3a 50 Mr/kr) (n=15). Mukpornpenapars! MoyeK OKpallyiBaIi reMaTOKCUIMHOM U 503UHOM.
Kpome Toro, nmpoBouiv 6rOXUMIYeCKoe UCC/Ie[0BaHre KPOBY Ha YPOBEHb KpeaTHHHHA, a30Ta MOYeBHUHbI, C-peakTHBHOTO Oerika,
pacCUMTHIBA/IM OTHOLIeHHe HycTaTiHa C K KpeaTWHHUHY, a TakKe rOMOreHara ITOYKHM Ha YPOBEeHb KOHIIeHTPaLjy MaJIOHOBOTO
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muansaeruga (MDA), cynieporcugarcmyTassl (SOD), a Takke ryTtarioHa (GSH). Pe3sysbraThl v o0cyskzaeHue. ViccienoBanue
T0Ka3asio, uTo MpeJTyueBoe BBeJjeHHe ackopOMHOBOW KUC/IOThI (MHTpariepuToHeanbHasi MHBEKLUS; A03a 50 MI/KT) B MOJeu
OCTpO¥i TyueBoU He(hpONaTHH, UHYLIMPOBAaHHOM JIOKAIBHBIM 001ydyeHueM 3nektpoHamu B PO/I 2 T'p u PO/] 8 I'p, cniocob-
CTBOBAJIO BEIPA)KEHHOMY CHYDKEHHIO TIaTOMOP(OIOTHUeCKMX U OMOXUMIUeCKUX 3MeHeHuH. BeiBogpl. JIoKkanbHOe o0bmyueHne
anekTpoHamMu B PO/] 2 I'p u PO/] 8 I'p mpuBOUT K pa3BUTHIO paZUaliuoHHON Hedponatuu. B To ke BpeMsi rpefiyueBoe
BBe/leHre aCKOPOMHOBOM KHUCIOThI CHWKAET CUTy PaJiUallMOHHO-UH/[YLIUPOBAaHHOTO TIOBPEX/IEHHS TTI0U€eK, a TaK)Ke YCUIUBAeT
3¢ deKTUBHOCTb aHTUOKCUJAHTHOM 3aIIUTHI.

KiroueBble cji0Ba: /iyueBast HeponaTusi, 00/1yueHHe 3/1eKTPOHAMH, TIOYKU, aCKOPOUHOBAsK KUC/IOTA, OKCUIATUBHBINA CTPeCC
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Proliferation and apoptosis features of ovarian follicles after local
irradiation with electrons and platelet-rich plasma administration
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Abstract. Relevance. The ovary is strongly radiosensitive organ. Exposure to ionizing radiation can lead to decreased
reproductive function, including infertility. One of the promising regenerative substrates is platelet-rich plasma, which contains
a large number of biologically active substances. It is necessary to conduct research in this direction in order to determine the
dose-dependent effects of electron irradiation on the cell cycle of oocytes and granulosa cells and to assess the risks of developing
radiation-induced ovarian failure. It is important to develop methods for the prevention of acute post-radiation complications,
which may include platelet-rich plasma injections. Aim: immunohistochemical analysis of ovarian structures’ cell cycle after
administration of platelet-rich plasma in a model of radiation-induced ovarian failure. Materials and methods. We divided the
animals (Wistar rats; n=40) into four groups: I— control (n=10); II (n=10) — electron irradiation; I1I (n=10) — administration of
platelet-rich plasma before electron irradiation; IV (n=10) — administration of platelet-rich plasma. A morphological assessment
and immunohistochemical (Ki-67, caspase 3) examination of the ovaries were performed. Results and Discussion. Number
of Ki-67-positive granulosa cells were sharply decreased in group 11, but in theca cells the level of expression of this marker
exceeded control values. Besides, the number of caspase-3-stained cells increased sharply, mainly due to granulosa cells. The
immunohistochemical patterns described were less pronounced in the pre-radiation platelet-rich plasma group. Conclusion.
Components of platelet-rich plasma have radioprotective properties, maintaining the cell cycle of follicular cells and reducing
the depth and range of radiation damage to the ovary after 20 Gy electron exposure, confirmed by the Ki-67 and caspase 3
expression levels.

Keywords: ionizing radiation, electrons, ovofolliculogenesis, proliferation, apoptosis
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Introduction

One of the most unfavorable consequences of
radiotherapy for malignant neoplasms of the pelvic
organs is irradiation of the ovaries, which can lead to the
radiation-induced ovarian failure and, as a consequence,
infertility [1].

The ovary is very radiosensitive organ [2]. At
the molecular level, electron exposure leads to the
direct (single and double DNA breaks/crosslinks,
chromosomal mutations) and indirect (generation of
reactive oxygen (ROS) and nitrogen (RNS) species
and lipid peroxidation products) pathomechanisms
activation. The life cycle of oocytes is regulated by
proliferation (Ki-67), apoptosis (caspase 3) and pro-
apoptosis (p53) factors [3, 4]. There is no effective
substrate that can prevent radiation-induced apoptosis
in ovarian structures for today, and therefore research
into new potential radioprotectors remains relevant.

One of the popular regenerative substrates is
platelet-rich plasma (PRP) with a large number of
biologically active substances containing in the
platelets’ a-granules: insulin-like growth factor-1
(IGF-1), platelet-derived growth factor (PDGF),
transforming growth factor- (TGF-B1), vascular
endothelial growth factor (VEGF), fibroblasts growth
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factor (FGF), interleukin-8, fibronectin, etc. [5]. These
molecules promote tissue repair and remodeling by
initiating cell proliferation, angiogenesis, chemotaxis,
re-epithelization, extracellular matrix synthesis, etc.

A team of authors at the annual conference of the
European Society of Human Reproduction and Embryology
presented the results of using PRP as a regenerative substrate
in gynecology [6]. Intraovarian administration of PRP in
women with perimenopause, premature ovarian failure
and poor ovarian response to in vitro fertilization led to
morphofunctional restoration of the ovaries with stabilization
of anti-miillerian hormone (AMH)), follicle stimulating
hormone (FSH) levels and the number of antral follicles
within three months after treatment.

Based on the listed positive effects, it is possible to
take a PRP as a regenerative substrate for research not only
for wounds healing [7], but also in the radiation-induced
damage treatment in certain organs such as the ovary [8, 9].

It is necessary to conduct research in this direction
in order to determine the dose-dependent effects of
electron irradiation on the proliferation / apoptosis ratio
of oocytes and granulosa cells, and to assess the risks
of developing radiation-induced ovarian failure. Such
work is also necessary to determine the optimal doses
of electron therapy for pelvic organs cancer to level out
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radiation damage. Particularly important are the search and
development of substances with radioprotective properties.

The aim of this study: immunohistochemical
analysis of ovarian structures’ cell cycle after
administration of platelet-rich plasma in a model of
radiation-induced ovarian failure.

Materials and methods

Animals for in vivo study

For this research we divided the experimental
animals (Wistar rats; n=40) into four groups:

Group I (n=10) — control;

Group II (n=10) — fractional local irradiation with
electrons in a summary dose (SD) of 20 Gy;

Group III (n=10) — intraperitoneal administration
of leukocyte-poor platelet-rich plasma (LP-PRP) 1 hour
before local electron irradiation in a SD of 20 Gy;

Group IV (n=10) — intraperitoneal administration
of LP-PRP.

High doses of ketamine + xylazine (i/p) used for
animal removing on the 7" day and the first experimental
day was the day of the last fraction. All manipulations
were kept according to the standard rules: Declaration
of Helsinki of the World Medical Association and
“International Guidelines for Biomedical Research
Using Animals” and approved by the protocol No. 25 of
11/10/23 of the Local Ethics Committee of the National
Medical Radiological Research Center.

Morphological study

The ovaries were cut parallel to the sagittal plane
(2 mm) and fixed in 10 % formaline after extraction.
Then the processing (tissue histological processing
apparatus, Leica Biosystems, Germany) were kept
under standard conditions and tissues were embedded
in paraffin from which serial sections were made (3
pum thick). Micropreparations were deparaffinized,
dehydrated and then stained for morphological research
with hematoxylin and eosin.

Morphological examination was carried out at
a magnification of x400 in 10 randomly selected fields
of view of the light microscope in 5 random sections

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

per sample. Digital scanned preparations were obtained
using a video microscopy system (Leica DM3000
microscope, Germany; DFC450 C camera) and image
processing software (Leica Application Suite V. 4.9.0)
for morphometric analysis.

Immunohistochemical (IHC) study

IHC staining was performed according to the
standard manufacturer’s protocols with monoclonal
antibodies to Ki-67 (ThermoFisher, Clone MM1) and
Caspase 3 (ThermoFisher, Clone 74T2) as a primary
antibodies [10, 11]. A universal two-component HiDef
Detection™ HRP Polymer system (Cell Marque, USA),
mouse/rabbit anti-IGG, horseradish peroxidase (HRP)
and DAB substrate were used to determine secondary
antibodies. Antigen unmasking was carried out in a citrate
buffer with pH~6.0 in a water bath with a pT Link
microprocessor (Dako, Denmark) at a temperature of
95°C for 40 minutes and then by cooling at a temperature
of 20°C for 20 minutes. For cell nuclei counterstaining
a Mayer’s hematoxylin was used. The number of
IHC positively stained cells (in %) was counted at
a magnification of X400 in 10 randomly fields of view.

Statistical analysis
For analytical processing of the research results,
the Windows package SPSS 12 (IBM Analytics, USA)
statistical program was used. The obtained data are
presented as mean * standard error. Comparisons between
groups were carried out using statistical packages and
differences were considered significant at p-value <0.05.

Results and discussion

In animals of the control and I'V groups, the ovary
is covered on the outside with single-layer squamous
epithelium (mesothelium), deeper — the tunica
albuginea, formed by dense fibrous connective tissue
with cords extending from it. The ovarian parenchyma
is represented by numerous follicles in different stages
of development (Fig. 1).

Fractional local electron irradiation led to the radiation-
induced ovarian failure within a week. The number of
primordial follicles was sharply reduced, and the number
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Control

SD 20 Gy

SD 20 Gy + LP-PRP

Fig. 1. Ovaries in experimental groups; hematoxylin and eosin stain, magn. x200

Note: SD — summary dose, LP-PRP — leukocyte poor platelet-rich plasma.

of atretic follicles was increased. In some follicles, oocytes
with signs of pyknosis, fragmentation of granulosa cells,
and cellular detritus in the antrum were noted. In the stroma
of the organ, multiple hemorrhages, stasis of most blood
vessels, and proliferation of connective tissue were found
compared to the control (Fig. 1).

Administration of platelet-rich plasma before
irradiation led to a decrease in the degree of
radiation-induced ovarian damage compared to the
morphological pattern of group II: the primordial
and primary follicles counts was slightly reduced
unevenly distributed over the area of the ovary;
isolated hemorrhages and stasis of red blood cells in
vessels’ lumen (Fig. 1).

An immunohistochemical study of ovaries irradiated
with a summary dose of 20 Gy revealed a decrease in Ki-67
expression level in the follicles (3.9 times) and the corpus

luteumn (1.5 times), while the proportion of Ki-67-positive
theca cells sharply increased (7.5 times) compared to the
control group. Number of caspase-3-immunopositive
granulosa cells increased 3.8 times, while practically no
differences in the corpus luteum and theca cells were
observed compared to the control (Fig. 2—4).

Administration of LP-PRP in group III led to
a partial restoration of the proliferative activity of
granulosa cells (2.4 times) compared to the irradiation
group, however, the proportion of Ki-67-positive theca
cells decreased (1.3 times) compared to Group II.
A significant decrease (1.6 times) in the expression of
caspase-3 in group III was observed only in granulosa
cells compared to the results of the irradiation group.

Although, no statistically significant differences
were found between the levels of immunoreactivity in
group IV compared to the control.

Fig. 2. Count of Ki-67-positive cells in experimental ovaries

Note: GC — granulosa cells, CL — corpus luteum, TC — theca cells, SD — summary dose. For comparison the Kruskal — Wallis test and the Mann — Whitney
U test were performed; * — significant differences SD 20 Gy vs control (p <0.05). ** — significant differences SD 20 Gy vs SD 20 Gy + LP-PRP (p <0.05).
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Fig. 3. Count of caspase-3-positive cells in experimental ovaries

Note: GC — granulosa cells, CL — corpus luteum, TC — theca cells, SD — summary dose. For comparison the Kruskal — Wallis test
and the Mann — Whitney U test were performed. * — significant differences SD 20 Gy vs control (p <0.05). ** — significant differences

SD 20 Gy vs SD 20 Gy + LP-PRP (p <0.05).

Control

Ki-67

Caspase-3

SD 20 Gy SD 20 Gy + LP-PRP

Fig. 4. Immunohistochemical analysis of Ki-67 and caspase-3 expression in experimental ovaries, magn. x400

Local electron irradiation in group II led to
a marked decrease in the Ki-67 expression in granulosa
and corpus luteum cells in combination with a sharp
increase of caspase-3-stained follicular cells. This
is probably because of the effect of electrons on
proliferatively active cells which lead to both direct
(single and double DNA damages and chromosomal
mutations) and indirect (ROS and RNS generation,

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

lipid peroxidation and molecular water radiolysis)
activation of pathways including in post-radiation
toxicity in ovaries [12]. Then it leads to a strongly
decrease in the primordial follicles number, fibrous
connective tissue overgrowth which results in
radiation-induced premature ovarian failure with
ovarian reserve decrease, early menopause and
infertility [13].
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Post-radiation cell death most often occurs by
apoptosis with activation of the cytochrome ¢ and
caspase cascade pathways, and in our study, granulosa
cells turned out to be the most sensitive to the effects
of electron irradiation, which was accompanied by
a sharp induction of their apoptosis, confirmed by
a high level of caspase-3 expression. Almost similar
results were obtained by other researchers [14]. In our
opinion a secretory disruption in granulosa cells results
to the decreased synthesis of steroid hormones and
growth factors. These changes led to the secondary
violation of ovofolliculogenesis. In addition, theca
cells hyperplasia is also responsible for the secretory
follicular dysfunction, and it is the compensatory
response to decreased hormone levels in blood.

Due to the fact that electrons lead to a decrease in
the synthesis of key growth factors responsible for the
restoration and regeneration in ovary, it was advisable to
use platelet-rich plasma where the platelets’ a-granules
contain high concentrations of biologically substances
capable of inducing the follicular cells’ regenerative
activity and metabolism (through neoangiogenesis
stimulation) [15, 16]. Thus, the most important of
these in PRP are IGF-1, PDGF, TGF-B1, VEGF, FGF,
interleukin-8, fibronectin, etc. [17]

These biologically active molecules are the key
factors in proliferation and differentiation of many
cell types. Due to this it can restore proliferative-
apoptotic balance, probably responsible for the
regenerative and radioprotective LLP-PRP properties
discovered in the present study: higher levels of
proliferative activity of granulosa cells combined with
significantly lower rates caspase-3 immunoreactivity
compared with the irradiation group. In addition,
pre-irradiation administration of LP-PRP led to a less
pronounced increase in the theca cells proliferation,
which may indirectly indicate the body’s low need for
compensatory-adaptive hyperplasia of these cells and
the preservation of close to physiological levels of
steroid hormones.

Thus, based on histological and immunohisto-
chemical studies, it was occured that pre-radiation
administration of LP-PRP contributed to the restoration
of the proliferation/apoptosis ratio of follicles, which
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does not exclude the protective effect of this regenerative
substrate, which is especially important for the prevention
of the development of radiation-induced ovarian failure.

Conclusion

Components of platelet-rich plasma have
radioprotective properties, maintaining the cell
cycle of follicular cells and reducing the depth and
range of radiation damage to the ovary after 20 Gy
electron exposure, confirmed by the Ki-67 and caspase
3 expression levels.
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AuHoTaMsA. AKMya1bHOCMb. STUUHYK SIB/ISIETCS OJHUM K3 Haubosiee paiiouyBCTBUTETBHBIX OPraHoB. Bo3aelicTere HOHU3HDY-
FOLLIETO M3/TYUeHHs] MOXKET TIPUBOAUTD K CHIDKEHHIO PENPOAYKTHBHOM (QYHKLIMM BIUIOTh 10 Gecruioaust. OFHAM 13 MHOTOOOEILAFOIIX
pereHepaTUBHBIX CyOCTPAaToOB SIB/IAETCS M1a3Ma, oboraitieHHast Tpomoorutamu (PRP), KoTopasi COZIEPXKUT B CBOEM COCTaBe HoJbIIioe
KOJIMUEeCTBO OMOIOrMUeCKH aKTUBHBIX BeljecTB. HeobXoumo rpoBe/ieHre UCC/Ie[IOBaHKI B 3TOM HarpaB/IeHUH C 1Ie/TbI0 Orpejie-
JIeHUs1 [10303aBUCUMBIX 3(heKTOB 00/TyueHusI 3/IeKTPOHAMH Ha TIPO/TH(epaLifio U arorTo3 OOLUTOB U K/IeTOK TPaHy’Ie3bl, a TaKkKe
OLIEHKH PHCKOB Pa3BUTHSI Pa/IallMOHHO-MH/IYIIMPOBAaHHOM OBapHabHON HeJ0CTaTOUHOCTH. BaxkHOe 3HaueHre nMeeT pa3paboTka
METOZ0B MPO(UIAKTHKK OCTPBIX MOCT/TYUYEBBIX OCTIOKHEHHH, B pAMKaX KOTOPOU BO3MOXKHO TPUMEHEHHE T71a3Mbl, 000raljeHHOH
TpoMboLMTamMu. Lleab: IMMYHOTHCTOXMMUYECKas OLieHKa TIPOTMdepariiy 1 aronTo3a CTPYKTYP sSMYHKKA TOC/le BBeIeHHSI T/1a3Mbl,
oboraiieHHOM TPOMOOLMTaMuU, B MOJIE/IV Pa/IMallMOHHO-UH/IY[MPOBAHHON OBAPHA/ILHOM HEI0CTaTOUHOCTH. Mamepuabt u MemoobL.
Kpeicel nopoapl Buctap (n=40) 6bu1u niofesieHbl Ha rpyrbl: | — koHTposbHast (n=10); 1T (n=10) — obsyuyeHue 37eKTpoHaMUY;
[T (n=10) — BBe/eHuUe T1a3Mbl, 000TaIleHHOH TPOMOOIMTaMu, 0 00myueHus nekrpoHamy; IV (n=10) — BBezieHMe M/1a3Mbl,
oborarrieHHoM TpoMbonTamu. [TpoBoau MOP(OIOrYecKy o OLeHKY 1 IMMYHOTHCTOXUMHUECKOe UCC/Ie/I0BaHNe SIMUHUKOB
c antutesamu K Ki-67 1 kacraze-3. Pesyabmambt u 06cyscoeHue. B dhommikynax saHyukoB [1-0 rpyTiribl 0TMeUas M pe3Koe CHIKEHUe
Jom Ki-67-103UTHBHBIX rpaHy/ie3HbIX K/IeTOK, OFJHAKO B TeKa-KJIeTKaX YPOBEHb SKCIIPEeCCHH 3TOr0 MapKepa MpeBbILlal KOHTPOJIbHbIE
3HaueHws1. B To >ke BpeMsi, KO/IMUIeCTBO KacTiasa-3-0KpallleHHbIX K/IeTOK Pe3KO BO3pacTasio, TIPEUMYILECTBEHHO 3a CUeT IPaHyJ/Ie3HbIX
k/1eToK. OnucaHHbIe IMMYHOTUCTOXUMUYECKHE TIaTTePHbBI ObLI MEHee BhIPa>KeHbI B TPYIITe MPeJIyueBoro BBe/IeHNs T/1a3Mbl,
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oborarieHHOU TpoMOoLTaMK. Bbi6o0bl. KOMITOHEHTHI M71a3Mbl, 000rallleHHOM TPOMOOLMTaMH, 00/1a/IaF0T PaZMONPOTEKTUBHBIM
CBOHCTBOM, NOZ/iepKUBast MPo/H(hepaTHBHO-aMONTOTHYeCKU 6ataHC (OUTHKYIISIPHBIX KIIeTOK U CHIDKast ITyOWHY U Ifaria30H
JTy4eBOTO TIOPa)KEHHMsI STMYHUKA TIPY BO3AEMCTBUM (DPAKLIMOHHOTO JIOKA/ILHOTO 00/Ty4eHHs 3/1eKTPOHaMH B CyMMapHo# fio3e 20 I'p,
TIOATBepsKIeHHOH ypoBHsIMU 3Kcripeccuy Ki-67 1 kacrasbl-3.

KioueBble c/10Ba: MOHU3MPYIOLIiee U3/lyueHue, 571eKTPOHBI, 0BO(O/UIMKY/IOTeHe3, TpoJrpepariys, aronTos3
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AnHoTanus. AkmyanbHocmb. [ToMCK HOBBIX MeTO/I0B 3((heKTUBHOM Tepartiy UyepertHo-MO3TOBOM TPaBMBI SIBJISIETCS OfHOM 13
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K/IeTOuHast Tepanust. Llenbro paboThl ABMISIETCS UCC/IeIOBAHKE TePArieBTUUeCKOro 3(dekTa IMaibHbIX K/IETOK-TIPE/[IlIeCTBEHHUKOB,
TIOJTyYeHHBIX U3 UHAYIIMPOBAaHHBIX TUTFOPUIIOTEHTHBIX CTBOJIOBLIX K/IETOK, Ha SKCTIePUMEeHTa/IbHON MO/Ie/ UepertHo-MO3rOBOMH
TpaBMbL. Mamepuasbl u Memoodbl. MofienipoBaHie UepertHo-MO3r0BOM TPaBMbI ITPOBOJM/IM Ha CaMLiaX [0/I0BO3PeJIbIX KPbIC TMHUN
Wistar. TepareBrrueckoii rpyrire offHOKpaTHO BBoAwmM 750%10° Ki/MiT IMaibHBIX KJIeTOK-TPe/IIe CTBEHHUKOB 00beMoM 1 MJ1, TpyTire
KOHTpOJ1s1 BBoAWH 1 Mt hocdatHo-coneBoro Oydepa. BeezeHvie MPOBOAWIA BHYTPUAPTEPUAILHO Uepe3 24 yaca rocsie TpaBMbl. s
aHaJTM3a TeparieBTHUeCKol 3 dekTrBHOCTH poBoav MPT-rcciejoBanve Ha 14 cyTky, a Takke TecT «[TocTaHOBKa KOHEUHOCTH Ha
onopy» Ha 1, 3, 7 11 14 cytku. KyieTku MMa/bHbIX K/IeTOK-TIPe/jIIIeCTBeHHHKOB OKpaIlvBa/y MrodmibHbM Kpacuternem PKH26 (Sigma,
CHIA), Boawmu 1 M1 KpbICam C YeperiHo-Mo3roBok TpaBMoi (750* 103 k1eTok/mit), 3aTeM MPOBOAW/IM TUCTOIOTMUECKOe UCCTIeIOBaHHEe
Ha 1, 3 1 7 CyTKU 110C/Ie BBeJEHUS C LIeJIbi0 OLIeHKW MUTPAaLMU U paclpoCTpaHeHUs K/IeTOK B TKaHSIX FOJIOBHOTO MO3Ta KUBOTHBIX.
V3mepeHust 06beMa ouara TpaBMbI U riozicueT KosmuectBa PKH26-0KpallieHHBIX KJIeTOK MPOBOJMIHN C MCTIOTb30BaHUEM TTPOTPaMMbl
ImageJ (Wayne Rasband, HarpioHa/TbHBIi HHCTUTYT MICUXHUECKOTO 30POBbsI, Betecna, Mapunen, CIITA). [l cTaTUCTAUE CKOM
006paboTku 1crosk308aH nporpammy GraphPad Prism 8.2.0 (GraphPad Software, Inc., CIITA). Pesyabmambi u obcyxcdeHue. Beenerue
'KIT npuBOAWIIO K CHIKEHMIO 0ObeMa ouara. [1o cpaBHeHHIO ¢ KOHTPO/ILHOM PYTINOH HAOIIONAI0Ch CYIIeCTBEHHOE YMEHBIIIEHHEe
CeHCOMOTOPHOTrO AedurvTa Ha 3, 7 ¥ 14 cyTKu Tocyie TpaBMbl. BHyTprapTepraibHOe BBeieH e TTPUBOJIIIO K YCITEIITHOM JOCTaBKe
JIMa/TbHBIX K/IETOK-TIPe/jllieCTBEHHUKOB B TKAaHU FOJIOBHOTO Mo3ra. Ha 1 cyTKu roc/ie BBeZIeHVsI B KOpe FOJIOBHOTO MO3T'a, THITIIOKamIIe
U CTpHAaTyMe BBISIB/S/IUCH KieTKW. Ha 3 1 7 cyTKM Tocsie BBeJIeHVs KJIETKW He 00HApY>KUBaMUCh. BbigoObl. BHyTpHapTepuaisHoe
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BBe/IeHHe IIMa/IbHbIX K/IeTOK-TIPe/IIlie CTBeHHHKOB TTPUBOAUT K 3()(eKTUBHOM MUTPALH KJIETOK B TKaH! TOJIOBHOTO Mo3ra. KnetouHast
Tepanvisi IIMa/IbHbIMU KJIeTKaMU-TIpe/IIeCTBeHHUKAaMH CITOCOOCTBYeT MpoLieccaM HelpOBOCCTAHOB/IEHHS MOC/Ie YeperTHO-MO3rOBOH
TpaBMEL. [IaHHast Teparyis sIB/IsIeTCs] MHOTOOO ILAIoIM METO/IOM JIEUeHH s YeperTHO-MO3r0BOM TPaBMBL.

KiroueBsble c/10Ba: UepenHO-MO3roBasi TpaBMa, K/eTOuHas Tepanusi, [JivajabHble KaeTKu-npezecrseHHuky, UTICK
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Poccuiickoit Depeparyu (poekT Ne KBK 0750110 47 1 S724600621) o Teme “Pa3paboTKa HOBBIX JIeKADCTBEHHBIX CPE/CTB
/ISl Tepariiy HeBPOIOTHYeCKUX 3abosieBaHuix”.
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Influence of glial progenitor cells on the restoration
of sensorimotor deficits in rats after traumatic brain injury

Anastasiia K. Sudina! 8, Mikhail E. Ivanov? ', Alexander M. Yurin* ', Andrey V. Makarov® ",
Timur Kh. Fatkhudinov* =, Dmitry V. Goldstein' ', Diana I. Salikhova*

'Research Centre for Medical Genetics, Moscow, Russian Federation
2Lomonosov Moscow State University, Moscow, Russian Federation
3 Pirogov Russian National Research Medical University, Moscow, Russian Federation
“Avtsyn Research Institute of Human Morphology of FSBSI «Petrovsky National Research Centre of Surgery», Moscow,
Russian Federation
< nastyasudina@gmail.com

Abstract. Relevance. The search for new methods of effective therapy for traumatic brain injury is one of the important
tasks of modern biomedicine. One promising approach for treating traumatic brain injury is cell therapy. The aim of the work
is to study the therapeutic effect of glial progenitor cells derived from induced pluripotent stromal cells in an experimental
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model of traumatic brain injury. Materials and Methods. Modeling of traumatic brain injury was carried out on mature male
Wistar rats. The therapeutic group was administered a single dose of 750*10° cells/ml glial progenitor cells with a volume of
1 ml, and the control group — 1 ml of phosphate-buffered saline. Administration was carried out intra-arterially 24 hours after
injury. To analyze the therapeutic effectiveness, an MRI study was performed on the 14th day, as well as a limb-placing test on
the 1st, 3rd, 7th and 14th days. Histological examination was carried out on days 1, 3 and 7 after administration to assess the
migration and distribution of stained cells (concentration 750*10° cells/ml) by lipophilic dye PKH26 (Sigma, USA) at the rat’s
brain tissues after traumatic brain injury. Measurements of injury volume and counts of PKH26-stained cells were performed
using ImageJ software (Wayne Rasband, National Institute of Mental Health, Bethesda, MD, USA). The statistical analysis was
carried out using GraphPad Prism 8.2.0 program (GraphPad Software, Inc., USA). Results and Discussion. Administration of
GPCs led to decreasing the damage volume. Significant decrease in sensorimotor deficit was observed on days 3, 7 and 14 after
injury compared with the control group. Intra-arterial administration resulted in successful delivery of glial progenitor cells to
brain tissue. Cells were detected in the cerebral cortex, hippocampus, and striatum on day 1, and were not observed on days
3 and 7 after administration. Conclusion. Intra-arterial administration of GPCs leads to efficient migration of cells into brain
tissue. Glial progenitor cells therapy promotes neurorecovery processes after traumatic brain injury. This therapy is a promising
treatment for traumatic brain injury.
Keywords: traumatic brain injury, cell therapy, glial progenitor cells, iPSCs
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BeepeHue
YepernHo-Mo3roBast TpaBmMa (UMT) — 310 3a60-
JleBaHMe, XapaKTepu3yloljeecss CTPYKTYPHBIM WA
(yHKLIMOHa/IBHBIM HapyllleHheM MO3rOBOM TKaHH, BO3-
HUKAIOLUM B pe3y/bTaTe MexaHUueCKoro BO3/eCTBUS,
Y TIPUBOJSILLEE K Cepbe3HbIM (PU3HUeCKUM, KOTHUTHBHBIM
Y SMOLIMOHA/IbHBIM paccTporictBaMm. [1o pa3HbIM oLieHKaM
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€)KerofiHo Bo BceM mupe ot ciayuaeB UMT crpagaror
oT 27 10 69 MuuMOHOB uenoBek [1-4]. TTarodusronorvs
UMT siBnsieTCs1 KOMIJIEKCHBIM TIPOLIECCOM, KOTOPbIM
BK/TIOUaeT B cebsi He TOJIbKO IepBUYHOe MeXaHHUeCKoe
TIOBPEX/eHKe, HO Y IIIMPOKUIA CIIEKTP BTOPUUHBIX [1aTO-
Jioruueckux peakiui. [leperuHas cragust UMT xapakTe-
pu3yetcst GpU3rYeCKUM MOBPEXJEHNeM I'0JIOBHOTO MO3Ta
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Y COTIPOBOXK/JAETCS HeKPO30M HEPBHOMU U COCYLUCTON
TKaHel. BropuuHble natou3noornyeckuie npoLecchl
BKJTFOUAIOT B ce0si OTEK M03ra, OKCH/JaTUBHBIN CTpecc
Y pacTsDKeHHe aKCOHOB, UTO MPUBOAUT K YBEJTUUEHUIO
BHYTPUKJIETOUHOM KOHL|eHTpaLu Ca2+ 1 3KCaliTOTOK-
cuuecKol rubenmm HeMpoHoB [5, 6].

ITomrmo niepeuniciieHHbIX riporecco, B LTHC mocre
UMT Takske IIPOMUCXOAUT VMHULIMALIAS BOCTIA/IATE/TbHBIX
¥ IMMYHHBIX PeaKLii, UTo CrioCOOCTBYeT HapyLleHUIO
remaro3HIiedamueckoro baprepa (I'SB), ycunenuto
TPaBMBbI U B la/IbHEMIIIeM MOXKET IIPUBECTU K KOTHUTHB-
HbIM AUCPYHKLMAM [7]. HecMOTpst Ha MHTEeHCHBHBIE
HCCITeJOBaHYs B JAHHOM 06s1acTy, 3¢ deKTHBHOM Tepaniu
UMT po cux nop He CyIeCTByeT B CUJIY CJIOKHOCTU
raroMexaHH3Ma 3a00/ieBaHus M eT0 TeTepOreHHOCTH.
BonbIMHCTBO Tepanuii B HaCTosILLiee BpeMsi HarlpaB/eHbl
Ha CHIDKeHYe BTOPUYHOIO TpaBMaru3ma. TpaHCruiaHTaLys
CTBOJIOBBIX K/IETOK Pa3/IMUHOIO THIA SIB/ISIETCS OOHKM U3
TePCIIeKTUBHBIX MeToZ0B Teparmu YMT, HarnpaB/ieHHbIX
Ha pereHeparyio ¥ BOCCTAHOB/IEHHE ITOBPEXKIEHHbIX TKa-
Heil. TpaHCITaHTHpPOBaHHBIE KJIETKH CTIOCOOHBI /MO0 He-
TOCPEe/ICTBEHHO MHTETPUPOBATHCS B IOBPEX/EHHbIE TKAHU
U 3aMelL[aTh MOTUOIIHe HeHPOHBI, MO0 BOCCTaHAB/MBATh
TOpa’keHHbIe YYacTH TKaHH, TIPOAYLMPYs OHUOIOrnuecKu
aKTHBHbIE MOJIEKY/IbI: LIMTOKUHBI, POCTOBbIE (haKTOPBI,
HelpoTpoduueckre (GakTopsbl.

I'muanbHble KneTku-nipeiiectBeHHUKH (I'KIT)
(hopmupytOTCS U3 Helpa/bHbIX CTBOJIOBBIX K/IETOK
CyOBeHTPHUKY/ISIPHOM 30HBI JKeTyJ0YKOB U 3y0OuaToit
V3BU/IMHBI TUITIOKAMIIa U IIKMPOKO PacipOCTPaHsIOTCS
o Bceii [JHC, mpoHUKas Kak B cepoe, Tak U B Oeoe
BeilecTBO [8, 9]. [MuanbHBIE KI@TKU BHITIOTHSIIOT
MHO>KeCTBO BaKHeUIIUX (yHKIUN B LIeHTPa/JIbHOM
HepBHOU crctemMe. OHM 00eCTIeUHBAIOT MeXaHUUYeCKYH0
TO/|/IeP>KKY HEMPOHOB U CHA0KAIOT UX HeO0OXOAUMBIMU
Bell[eCTBaMH, BK/TFOUast IJIFOKO3Y U APYTHe MeTabOo/HUThI,
Y4YacTBYHOT B IIpOLjeccax pereHeparyiy U BOCCTaHOBIIe-
HUsI HEPBHOM TKaHU TOCJ/e TPaBM, B (P OPMHUPOBaHUU
Y peopraHu3aliy CHMHAaICOB, B/IMSS Ha MPOL|eCChl
namsiti U o0yuenwusi. [Ipu 3TOM acTpOLUTHI, OUH
W3 TUIIOB [VIMAJ/IbHBIX KJIETOK, PeryJupyrOT UOHHBIN
COCTaB BHEK/IETOUHOW CpeJibl, yAa/ISIOT U3/IULIKH HO-
HOB 1 HEMPOTPaHCMUTTEPOB, a TaKxKe IMO/1epP>KUBaOT
roMeocTas Mo3ra. Pa3BuTue TeXHOIOTUU MOMyUYeHUs
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VH/YyLIUPOBaHHBIX IIJIIOPUNIOTEHTHBIX CTBOJIOBBIX
knetok (UTICK) no3BossieT MOMy4YUTh pa3inyHbIe
TUIIBI KJIETOK, NTPOUCXOJAIINX U3 TPeX 3apO/bllleBbIX
JIUCTOB, Ha Pa3HbIX CTaAUAX JU(QepeHLUPOBKH, B TOM
YKCJle [VIMa/IbHbIe KIeTKU-TIpe/illieCTBeHHUKH, KOTOpble
B Jla7bHENIIEeM MOXXHO MCIOIb30BaTh AJ1s1 K/IeTOYHOM
tepanuu [10]. Xots npumenenue I'KII asis Tepanuu
YyepernHO-MO3TOBBIX TPaBM MOKa He U3y4YeHO, eCTh
nUTepaTypHbIe aHHbIe 00 WX UCIOIb30BaHUU TIPU
JledeHUU MHCY/bTa 6esioro BelecTBa roioBHOTO MO3ra
C ToIoKUTeMbHBIM 3 dexTom [11, 12].

Ha ceropHsiiHuii jeHb Cyll{eCTBYeT HeCKOIbKO
crioco6oB Z0CTaBKU OMOMeJULIMHCKUX K/IeTOUHBIX
npoAykToB. ITpoliegypa uHTepLiepeOpasbHOTO BBe-
JIeHUsT CTBOJIOBBIX K/IETOK 00BIYHO TpebyeT XUpyp-
TAYeCKOT0 BMeIllaTebCTBa, KOTOPOe MOKeT ObITh
CBsI3aHO C PUCKOM OCJIO)KHEHUH, TaKHX KaK UH(eK-
LMW WIH TIOBPEX/eHUsI TKaHel, XOTs MPU JaHHOM
criocobe BBe/leHHsI TPAHCIIAHTAT JOCTUraeT MO3ra
6e3 mpeoo/ieHus TeMaTo3HIledamueckoro bapbepa,
YTO I103BOJIsIeT CTBOJIOBBIM K/IeTKaM BO3Z,eMCTBOBATh
HeIoCpeJCTBEHHO Ha MOBPEeX/IeHHbIe YYaCTKU MO3ra
[13]. BHyTpHrBeHHOe BBeZleHre CTBOJIOBBIX K/IETOK SIBJISI-
€TCs1 paCIpOCTPaHEHHBIM MaJIOMHBA3MUBHBIM CITOCOO0M
JIOCTaBKU U He TpeOyeT CII0KHBIX MaHUMY/ISALMMI, HO
TIPY 3TOM 3TOT Criocob Mano3¢hheKTrBeH NPy Tepanviu
HeBpOJIOrMyeckKnx 3abosieBaHUH, TaK KaK CTBOTIOBbIE
KJIETKU 3aXBaTbIBAlOTCSl TAKUMH OpraHaMu, KaK reyeHb
Y CeJle3eHKa, Mpesx/e YeM OHU JOCTUTHYT Lie/IeBbIX
TKaHel [14]. BHyTpuaprepuaabHas UH(Y3Hsi CTBOJIO-
BBIX K/IeTOK obecrieurBaeT 6oJiee LiesieHanpaBieHHYIO
JIOCTABKY ¥ MOXKET 00OMTU 3HAUMTE/TbHBINA JIETOUHBIN
3¢ deKT nmepBoro MpoxXmKeHus, Hab/roaeMbli TIpy
BHYTPUBEHHOU UH(]Y3UU.

laHHOe uccilefloBaHKe HallpaB/IeHO Ha U3ydeHue
TepaneBTUYeCKOro 3¢ ¢ekra Npy BHyTpHUapTepraIbHOM
BBegeHuu ['KII, nonyuennsix u3 UIICK, Ha Mmogenu
YepernHo-MO3roBOU TPaBMBbl.

MaTepman bl n MeTOA Dbl

Knerounas KynbTypa
['MasibHbIe KJIeTKU-TIPeALIeCTBeHHUKH ObLIN TI0-
JydeHbl PaHee MyTéM T03TanmHOU [ruddepeHITMPOBKU
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VIH/IYLIUPOBAHHBIX [JIFOPUIIOTEHTHBIX CTBOJIOBBIX KJle-
TOK uesnioBeka [15,16]. Kpatko, f1s1 mosyuenus UTICK
WCII0/Tb30Ba/IK Habop Jyist periporpammupoBandust CTS
CytoTune-iPS 2.1 Sendai (Invitrogen, Kapsic6az, Kammi-
topnus, CIIIA), 3aTeM npoBogusu AuddepeHIMPOBKY
B HelipanbHbIe cTBO/OBBIE KieTku (HCK) c mocnenyto-
1M T0/TyueHHeM IVIuaibHOW TMHUU. B xoze nudde-
PEHLIMPOBKU B ITIMaJIbHbIe KIeTKU-TIPe/lle CTBeHHUKN
HCK nipurobpenu BepeTeHO0Opa3Hy0 MOP(OIOTHI0
C HEPOBHBIM KOHTYPOM U KPYTTHBIMU OBa/IbHBIMU S1/Ipa-
MH, a Takxe 3kcrpeccupoBamu 6enku S100B u GFAP.
['KIT kyneruBrpoBaau B cpese DMEM/F12 («[Tan3ko»,
Poccus) c pobaBnenueM 1 % 3MOpHOHAIBHOM ObIUbei
ceiBopoTkd (FBS) (Gibco, CIIIA), 1 MM rmoTamuHa
(«ITan3ko», Poccus), 1 % N-2 («[Tan3dko», Poccus),
50 en/M/1 TeHUITUIUH-CTPeNTOMUITNH («[TaHIDKO»,
Poccus), 20 ur/mn EGF (Peprotech, CIIIA), 20 Hr/m
CNTF (Peprotech, CIIIA) ipu 37 °C, 5% CO, B0 Brax-
HOI aTMoc(depe. B kauecTBe MOAJIOKKY UCI0/Ib30BaIN
Mmatpuresb (Corning, CIIIA) [16].

JIaGopaTopHbIe >KHBOTHBIE

OKCHepUMeHT MMPOBOJUIN Ha I10JIOBO3PeJIbIX
caMmLax KprIc muHuM Wistar Becom 300-400 rpaMmoB
(n = 14) pns u3yueHus TeparieBTHYeCKou 3dekTUB-
HOCTU U (n = 6) 17151 U3yueHUs pacripefiesieHus KIeToK.
7KMBOTHBIX cofiepyKasu 1py coO/TF0AeHUH LKA OCBe-
LeHUS IeHb-HOUb TIPU MMOCTOSIHHO TO/iep>KUBaeMOm
TeMriepatype Bo3ayxa 24 °C. ITocie mogenvpoBa-
HUA UMT KUMBOTHBIX [ilep>Ka/iv pa3/ie/lbHO B TeueHue
2 HeJesb.

OnucaHue 3KCIepUMeHTa/IbHON Moje/H
yepenHo-M03roBoM TPaBMbI

Bce omnepauyy NpoBOAW/IN 1107, UHTaSLIMOHHBIM
HapKO30M C UCII0/Ib30BaHUEM H30(IopaHa B KOHLIEH-
Tpauuu 3 % Ha BO3/lyLLIHOM CMeCH Ha 3Tarle BBe/leHUs
u 1,5-2,5 % Ha 3Tane nopaep>kaHus aHecte3uu. [lepen
Mo/ie/TMpoBaHKeM 00/1acTh OTiepaL{iy Ipe/iBapUTeTbHO
06e360/1MBaMM € MOMOIIBI0 UHPUIBTPALIMOHHOM aHe-
CTe3UU JINJ0KauHOM.

[lnist co3aaHust MOZIe/T TPAaBMbI TIPUMEHSITA METO/,
JI03MPOBaHHOI0 KOHTY3WOHHOT'O MTOBPEXX/1€HUsI OTKPbI-
Toro mMo3ra [17]. )KuBOTHBIM BbIOpHBa/IN yuacTOK KOXKH
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Ha roJioBe ¥ (PUKCHUPOBA/IY IOJIOBY B CT@PEOTaKCHUUeCKOM
paMKe. 3aTeM BBITIOJIHS/IM CPeAMHHBIN MPOA0JIbHBIN
paspes, U C oMOLLbI0 (hpe3bl aMeTpoM 5 MM B uepere
MPOCBEPIUBAINA OTBEPCTHE HaJ, JIeBbIM TOJyLLIapUEM
B 00/1aCTH JIOKa/IM3alii CeHCOMOTOPHOM KOPBI TT0 KO-
opAuHaraM 2,5 MM JjiaTepanbHee U 1,5 MM KayZanbHee
OperMbl. YCTPOWCTBO /i/Isi HAaHeCeHHsI TPaBMbI pacIio-
Jlaraay HaJl TBEPIOM MO3TOBOI 000/I0UKO TaK, UTOOBI
00ék HaxouICs Ha TTyOKMHe 3 MM HIDKe KOCTel yeperia.
B oTBepcTHe B ueperne Haj, TBEPOM MO3rOBOM 000/10U-
KOIi MOMeLL[a/Iv LWMMHAPHUYUeCKuii 60€K. [/ HaHeceHust
TpaBMbI Ha 60K cOpachIBaM rpy3 Maccoit 50 T ¢ BbICO-
ToI 10 cMm. TTocsie paHy [ie3uHGULMPOBAIY U YILIUBaIN
MPOCTHIM y3/I0BbIM LIBOM. JKHBOTHOe mepemeliani
B TeIUIYIO K/IeTKY C NOZ[lepyKaHreM TeMIlepaTyphl Tera,
peryMpyeMbIM C TTOMOILbI0 UH(PPAKPaCHOM J1aMITbl
Y TepMocCTara.

IIpoToKo/I 3KCIIepUMeHTa/IbHOr0 UCC/1e/0BaHUsA

Uepe3s 24 yaca mocae mogenupoBanus UMT xu-
BOTHBIX C/TyUaiiHbIM 00pa30M pa3zesnsiiv Ha 2 TPYTIIbL:
1-1—xpoicel ¢ UMT (n = 7 Aj1s O1IeHKH TeparieBTrude-
Cko¥ 3()(eKTUBHOCTH U 6 [/1s1 U3yUyeHUs! pacripe/iesieHust
KJIETOK), KOTOPbIM BBOZW/IM BHYTpUapTepUasbHO (B/a)
1 M1 hocdatHo-coneBoro 6ydepa, rpymnma KOHTPOJIS
(UMT); 2-1 — kpbicel ¢ UMT (n = 7 A5 OLleHKH Te-
paneBTHYeCKOU 3HeKTUBHOCTH U 6 [/ U3yueHus
pacripe/ie/ieHyst KJIeTOK), KOTOPLIM B/a BBOAWIN 1 MT
['KIT ¢ koHueHTpauueld 750%10° KeToK/MJ1, TeparneBTH-
yeckas rpynna (YMT+I'KII). KneTku BBoguIu B ripa-
BYIO OOLI[YIO0 COHHYIO apTepuio B TeueHue 40 ceKyH/,
Kak oricaHo paHee [18]. Cpok HabsoieH1s COCTaBUI
2 Hepenu. [lo onepauuy, Ha 1, 3, 7 1 14 cyTku niocsie
MozenupoBanyg UMT nipoBozuiy oLjeHKy HeBpOJIOTU-
yeckoro craryca (n = 7). [Ins oljeHKH o6bema ouara
MOBpesKAeHus Ha 14 CyTKY KUBOTHBIM NpoBOsv MPT
[IWarHoCTUKy (n = 7).

OueHka TepaneBTHUYeCKOH 3(p(p)eKTUBHOCTH

I17151 o11eHKU TeparieBTh4Yeckou 3(p(eKTUBHOCTH UC-
nosib30Bav AiaHHble MPT 1 HeBposiornyeckoro craryca
>kUBOTHBIX. Ha 14-e cyTku npoBogum MPT-uccneno-
BaHMe Ha arrapate BioSpec 70/30 (Bruker, 'epmanuist)
C MHAYKI[MeW MarHATHOTO T10/1s1 7 T v rpafiueHTHOU
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cuctemoit 105 mT/M. JKUBOTHBIX BBOAW/IN B COCTOS-
HHYe HapKo3a C TIOMOILbI0 U30(TtopaHa, CMeILIaHHOTO
C BO3yXOM B KOHLeHTpauuu 3 %. Bo Bpems uccrie-
JOBaHUS MO/ITep>KUBaIM KoHLeHTpaluo 1,5-2,5 %.
3aTeM )KUBOTHBIX [10MeIlla/Ii B YCTPOMCTBO MO3ULIAO-
HUPOBAaHUs1, OCHAL[EHHOE CUCTEMaMM CTepeOTaKCcuca
U TepMmoperyssuyu. B xone MPT-uccieioBaHust ObLTH
nomyueHbl T2-B3BerieHHbIe n306paxkenus (T2BU) Bei-
COKOT'0 pa3peLieHus /s OLIeHKH 00beMa TIOBPeKIeHUS.
O6BéM ouara TpaBMbI MO3ra ObIJT U3MepeH C TOMO-
1IbIO MporpamMmHoro naketa ImageJ (Wayne Rasband,
HanoHambHbI MHCTUTYT MCUXAUECKOTO 3/10POBbS,
berecna, Mapuneng, CIIA) no T2-B3BellieHHbIM H30-
OpakeHusiM. 30HY TTOBpeKAeHUs] 00BOAUIN BPYyUHYIO:
YUMTBIBAJIA TUTTOMHTEHCHHBIE YUaCTKU N300pakeHus],
OTpa’karolye OTCYTCTBHE TKAaHU BCJIE[CTBHE TPABMBI
Y TUTIePUHTEHCHBHBIE YUaCTKH M300pa’keHHs], OTpaka-
foIMe HeKpo3 B 00s1actul TpaBMbl. OOBEM 30HBI TPAaBMBI
paccurThIBaCs 1o dpopmysie:
V=(S1+...+Sn)*(h+d),

rge S1— ruiowazps nepBoro cpesa, Sn— oL cpesa
n (Mmm?), h— TomuHa cpesa (MM), d — MeXXCpe30BbIi
TIPOMEeKYTOK (MM). [17151 OLieHKM CeHCOMOTOPHOTO BOC-
CTaHOB/IEHUSI KOHEYHOCTeM KPbIC (HEBPOJIOTHUYECKOTO
CTaTyca) UCIo/b30BaIM TeCT «IlocTaHOBKa KOHEUHOCTH
Ha OTIOpY» C WCI0J/Ib30BaHueM obopyzaoBaHus «HITK
OtkpeiTast Hayka» (Poccust) mo metoguke [19]. OToT
TeCT COCTOUT U3 CEMH UCTILITaHWM, HallpaB/IeHHbIX Ha
oripe/ie/ieHNe YPOBHS BOCCTAHOBJIEHUS YYBCTBUTE/IBHO-
CTU M JBUraTeIbHOM (DyHKLIUY MepeJHUX U 3aJHUX KO-
HEYHOCTeU B OTBeT Ha TaKTU/IbHbIe U ITPONPUOLIENTHB-
Hble CTUMYJIbL. OLIeHKY KaueCTBa BBIITOJIHEHUS TeCTa
TIPOBO/U/IH 110 Tpex0a/IbHOM 11IKasie, TAe 2 03Hayaso
[IOJTHOE BBITIOJTHEHUE UCIIBITaHUS, 1 — BBITIOJTHEHHE
C 3a/1ep>KKoii boree 2 CeKyH[, W/WY He TIOJTHOe BBITO-
HeHue, ) — HeBbINO/IHeHNe TecTa. basuibl, momyJyeHHbIe
T10 pe3y/bTaTaM CeMU UCIbITaHUM, CYMMUPYIOTCS.

Meuenne I'KII ¢uiroopeciieHTHBIM KpacuTesieM
1 oLjeHKU Murpauuu U pacripocrpasenus ['KIT
10 TKAHSAM I'OJIOBHOI'O MO3ra K/IeTKU MapKupoBa/Iu
munoduibHbIM Kpacutenem PKH26 (Sigma, CLIIA).
Bkpariie, KIIeTOUHYO CyCIieH310 UHKYOMpoBamy B 1 Mt
peareHTa-pasbasuresis C. [lasiee cMellMBaIM C paBHbIM
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ob6bemMoM pactBopa A1 Meuenus (4 HM PKH26) u uH-
KyOWpOBaJiv TIPH KOMHATHOM TeMIiepaType B TeueHue
5 muHyT. [Ipoliecc oKparvBaHus npeKpaijaam 106aB-
neHyeM 2 Ml eTasbHOM ObIubell ChIBOPOTKH. KieTku
JIBaKbI MPOMbIBAIM pacTBOpoM XeHkKca («[TanDko»,
Poccust) u pecycrieHAMpoOBa v B (hU3U0I0THYE CKOM
pactBope ¢ docdarHbM Oytdhepom («ITanIk0», Poccus).
Krnetounyro cycrensuto 750*10° kieTok/mn BBOAWIA
B/a )KUBOTHBIM U [TPOBOJWIN TUCTOIOTMYeCKOe UCCile-
JioBaHue Ha 1, 3 1 7 CyTKHU.

I'mcronoruueckoe ucciejoBaHyue

JKVIBOTHBIX BBIBOJW/INA U3 KCIIepUMeHTa Ha 1, 3
U 7 cytku nocie BeefeHus ['KII. IToce 3BTaHasuu
JeTanbHOM [10301 U30@iypaHa NpOBOAUIM JleKa-
MUTAIMIO0, MO3T W3BJ/ieKau U ¢ukcrupoBanv B 10 %
(dhopmanuHe 24 yaca. 3aTteM K3B/IeUeHHBIA MO3T UHKY-
6upoBam B 30 % pacTBOpe caxapo3bl B TeUEHHE CYTOK.
[TonmyueHHbIe 06pa3Lbl TKaHeH 3aK/odand B Cpefy
PolyFreeze Tissue Freezing Medium (Sigma, CIIIA)
v 3amopakuBanu Ha —20 °C. [lasiee rOTOBUIM KPUOCPe-
3bl TO/MLMHOM 4—5 MKM Ha KpuocTtare Leica CM1950
(Leica Microsystems, ['epmanus). [logroroBaeHHbIe
o06pas31ibl THKYOUpoBanu B hocdarHo-coneBoM Oydepe
¢ 0,5% Triton X-100 (Sigma-Aldrich, CIIIA) u 1%
OBIYBHM CBHIBOPOTOYHBIM amb0ymMuHOM («ITaHDKO»,
Poccus) B TeueHune yaca v IPOBOZAW/IN OKpalllBaHUe
MepBUYHBIMM aHTUTeIaMU MPOTHB anti-Mitochondria
Human (1:100, ab92824) (Abcam, UK) B TeueHre HOUM
nipu +4 °C. Iloce NpoBOAWIA OTMBIBKY MEPBUUHBIX
aHTUTEeJ U NIPOBOAM/IN OKpallliBaHWe BTOPUYHBIMU
antutenamu Goat anti-Mouse IgG (H+L) Cross-
Adsorbed Secondary Antibody, Alexa Fluor™ 555
(1:600, A-21422) (TermoFisher, CIITA) B TeueHue
60 MMHYT B TeMHOTe IIpM KOMHaTHOW Temreparype.
Appa knetok okpammsaau pacteopoM DAPI 1 Mkr/
M1 B pochatHo-cosieBoM Oydepe. V300paskeHus ouara
TpaBMbI, TUIIOKaMIa ¥ CTpHUaTymMa MoJiydaau C Uc-
T10/1b30BaHUEM JIFOMUHECLIEHTHOIO UHBePTUPOBAHHOIO
MuKpockorna Axio Observer.D1 c kamepoii AxioCam
HRc (Carl Zeiss, I'epmanus), o6bektuBamu HC PL
Apo VC 20 x /0,75 u HC PL Apo 40x/1,10 W (Leica
Microsystems, I'epmanusi). KonmuecTBEHHYIO OLIEHKY
KJIETOK IIPOBOJWU/IM C MOMOLLBIO IporpaMmmel ImagelJ
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(Wayne Rasband, National Institute of Mental Health,
Bethesda, Maryland, USA). Cpe/jHIOI0 TIJIOTHOCTb Ol1e-
HUBAJIU My TeM T0/ICUeTa MOJIOKUTETbHO OKpPaIlleHHBIX
K/IETOK, KOTOpBIe 3aTeM HOPMa/IM30Ba/Ii Ha KBaZIpaTHBIN
MM Cpe3a, KOJIMUeCTBO N300payKeHUH /1S KaXK/[0H 30HBI
rosioBHOro mo3ra n = 10.

CraTucTUUeCcKUd aHaIu3

CraTvcTUUYeCKUM aHaIv3 [JaHHBIX NIpOBefleH
C WCIT0/Ib30BaHUEM TIPOrPaMMHOr0 o0ecrieueHus
GraphPad Prism 8.2.0 (GraphPad Software, Inc.,
CIIA). HopmanbHOCTB pacmipeziesieHus Ol[eHUBaJIu
¢ nomolsto Kputepusd Llanupo-Yunka. CpaBHeHUe
Janubix MPT npoBoguiu ¢ nomousto t-tecra. las-
Hble TecTa «I[locTaHOBKa KOHEYHOCTH Ha OMOPY»
aHaIM3MpPOBa/M C TTIOMOLLBI0 HelapaMeTprUUueCKOro

kputepus Kpyckana-Yosnuca (ANOVA on ranks).
[TosnyueHHble faHHBIe TIpeLCTAB/IEHbI B BUJe Cpef-
HUX 3HaYeHWH * CTaHJapTHOe OTK/IOHeHue s MPT
Y B BU/le MeJiiaH Y KBapTusen s Tecta «[loctaHoBKa
KOHEUHOCTH Ha oriopy». IIpu p <0,05 pasnuuust curranu
CTaTUCTUYECKH JJOCTOBEPHBIMM.

Pe3ynbTaTtbl M 06Cy)XAeHMe

OueHka o0beMa ouara noBpeX/jeHHs
YMT nipuBoguia K OOIIUPHBIM TTOBPEXIEHUSIM
Mo3ra B 00/1acTU CEHCOMOTOPHOM Kopbl (puc. 1.).
151 oleHKH 06beMa ToBpeXxjeHus mpoBoauu MPT
HccaeoBaHUe Ha 14 CyTKU MOC/e MO/leJIMPOBaHus.
KrerouHast Teparnusi puBOAMIIa K CHIKEHHIO 00bemMa
roBpexkzaeHus B 1,5 pa3a (Tabmwiia 1).

Puc. 1. PenpezeHTaTnBHble MPT-1306paXxeHns o6bema NoBpexxaeHnst npy MoaenmpoBaHmn YUMT Ha 14 cyTKu aKcnepuMeHTa

[Mpumeyarme: KpacHoM NyHKTUPHON NHWeR 0603HaYeHa 30Ha noBpexaeHns. YMT —rpynna koHTponst, YMT+IKT — TepaneBTuyeckas

rpynna. MaclutabHas nnHenka: 5 Mm.

Fig.1. Representative MRI images of the damage volume during modeling of TBI on the 14th day of the experiment.
The red dotted line indicates the damaged area
Note: TBl is the control group, TBI+GPCs is the therapeutic group. Scale bar: 5 mm.

Tabnuya 1
CpaBHeHune o6bemMa NoBpeXeHui Yy KOHTPONIbHOM
1 TepaneBTUYECKOIA rpynnbl

Table 1
Comparison of damage volume between control
and treatment groups

MapameTpbl 06beM noBpexaeHusi, (Mm3), 14 cyTku Parameters Damage volume, (mm?3), 14 day
YMmT 549 +158 TBI 549 +158
YUMT+IKN 36,6 +7,6% TBI+GPCs 36,6 +7,6%

[pumedaHme: JlaHHble NpoaHanManpoBaHbl C UCMONb30BaHNEM
t-TecTa 1 NpefCTaBNeHbl B BUe cpeaHee + cTaHAapTHOe
OTKNOHeHWe (* — p <0,05). YMT —rpynna KoHTpons,
YMT + Kl — TepaneBTUYecKan rpynna.

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

Note: Data were analyzed using t-test and presented
as mean + standard deviation (* — p <0.05). TBI is the control
group, TBI + GPCs is the therapeutic group.
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OneHKa HeBP0JIOTHYeCKOro craryca
UMT BbI3bIBasa CEHCOMOTOPHbIN /1e(DULUT, BbIsIB-
nsieMblid TecToM «ITocTaHOBKA KOHEUHOCTH Ha OTIOpY».
JKUBOTHBIE 1O MOJeNMPOBaHUsl TPaBMbI Habupanu
B 3TOM TecTe 14 6Ga/sioB, Toraa Kak Ha 1 CyTKH y >Ku-
BOTHBIX B 00euX rpyrinax HeBpOJIOTMueCKHUI CTaTyc
CHWXKaJICA U CTaTUCTUYeCKU 3HAUMMO He OT/IMYaJICs.

OpHokpatHoe BBegeHre I'KIT crioco6CTBOBa/IO YMeHb-
LIEHUIO BbIP&KEHHOCTU CEHCOMOTOPHOTO Jeulinra,
HaurHas C 3 CyTOK 3KCIepUMeHTa, U MPOJ0JIKal0Ch
Ha IIPOTsDKeHUU BCero ucciesyemoro nepuoza. Ha 3,
7 1 14 cyTKu O6asi/ibl y )KMBOTHBIX C Teparuel ObLTH
B 2 pasa BblIllie, YeM B TPyTITie KOHTPOis (Tabnmiia 2).

Tabnuya 2
Bnusinne KN Ha HeBponornyeckuii CTaTyc XXUBOTHbIX
CyTku 0 1 3 7 14
Mpynna (8o YMT) (nocne YMT) (nocne YMT) (nocne YMT) (nocne YMT)
UmT 14,0 1,5 2,0 50 8,0
(6annbi) (Q25=13.0—-Q75=14.0) (Q25=1-Q75=2) (Q25=1,75—Q75=325) | (Q25=2,75—Q75=9,25) | (Q25=3—Q75=8)

YMT+ITIK
(6annbi)

13,0 2,0
(Q25 = 12—Q75 = 14) (Q25=1-Q75 = 3)

(Q25 = 4,5—Q75=9)*

7,0 10,0
(Q25=8—Q75=13)*

10,0
(Q25=9—Q75=11)*

[Mpumeyarue: PesynbTaTsl TecTa «locTaHOBKA KOHEYHOCTY Ha OMopy»: AaHHbIe NPoaHanu3MpoBaHbl C MOMOLLIbKO HENapaMeTPUYECKOro
Kputepusa Kpyckana-Yonnuca (ANOVA on ranks) v npeficTaBneHbl B BUae MeanaH 1 ksaptunei (* — p <0,05). YMT —rpynna

KoHTpong, YUMT+IKI1 — TepaneBTuyeckas rpynna.

Table 2
Effect of GPCs on the neurological status of animals

Day 0 1 3 7 14
Group (before TBI) (after TBI) (after TBI) (after TBI) (after TBI)
TBI (points) 14,0 1,5 2,0 5,0 8,0

P (Q25=13.0-Q75=14.0) | (Q25=1-Q75=2) | (Q25=1,75-Q75=325) | (Q25=2,75—-Q75=9,25) | (Q25=3—Q75 = 8)

TBI+GPCs 13,0 2,0 7.0 10,0 10,0
(points) (Q25=12-Q75=14) | (Q25=1-Q75=3) | (Q25=4,5-Q75=9)* | (Q25=8-Q75=13)* | (Q25=9—Q75=11)*

Note: Results of the limb placement test: the data were analyzed using the nonparametric Kruskal — Wallis test (ANOVA on ranks)
and are presented as medians and quartiles; (* — p <0.05). TBI is the control group, TBI+GPCs is the therapeutic group.

Murpanus I'KII B TKaHAIX TOJIOBHOTO0 MO3ra

[Tocne MHBEKL[UM B MIPaBYI0 COHHYO 0OII[yIO ap-
TepuIo Ha 1 CyTKU Ha TMUCTOJIOTMYeCKUX Cpe3ax TKaHe!
rosioBHOTO Mo3ra O6butn BoisiBsieHb! ['KIT ¢ momornbio
MeTKH urnoduibHbIM KpacuTenem PKH26 B couetanuu
C IMMYHOTMCTOXMMHUUECKUM OKpalllMBaHWeM aHTUTe/Ia-
MU MPOTUB MUTOXOHAPUH uenoBeka (puc. 2b). Knetku
pacripe/ie/ilyIuCh B UIICU/IaTePaIbHOM IO/IyLLIapUHN:
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OOJTBIITMHCTBO K/IETOK pacriosiarajioCb B MOTOPHOM
KOpe — HeTI0CPe/ICTBeHHO B 00/1aCTH TPaBMBbI, @ TAK)KE
BOKDYT Hee; TUMNIOKamIle U B cTpuatyme (puc. 2A).
Haunbosbliiee KoMMueCcTBO KJIETOK ObLIO BLISB/IEHO B 00-
nactv TpaBMbl — 363,5 + 42,82 KieTku/MM?, B 06/1aCTH
runnokammna — 163,3 + 50,8 k1eTok/MM? U CTpUaTy-
Ma— 163,2 + 68,09 knetok/mMm?. Ha 3 u 7 cytku I'KIT
B TKaHSIX TO/I0BHOTO Mo3ra KpbIC ['KIT He 0OHapy keHbI.
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Puc. 2. N'nctonorunyeckoe nccnenosanHme murpauum 'Kl B ronoBHOM Mo3re

lMpumeyarme: A. TKI BbIABASKOTCA B TKAHAX FONIOBHOMO MO3ra KpbICbl Ha 1 CyTKM NOCSIE BHYTPUapTepUanbHOro BBeAEHNA
B MncunaTepasbHOM NonyLlapun B 30He KOpbl, rMnnokamna 1 ctpuatyma. I'KIM okpaweHbl PKH26 (kpacHblIl) 1 aapa KneTok
(cuHMin). MacwTabHasa nnHeika: 100 MKM. b. TpaHcnNaHTMpOBaHHble KNETKM okpalleHbl PKH26 (kpacHblit) 1 anti-Mitochondria
Human (AMA) (3eneHblit). MacluTtabHas nmHelka: 50 MKM.

Fig. 2. Histological study of GPCs migration in the brain

Note: A. GPCs are detected in rat brain tissue on day 1 after intra-arterial administration in the ipsilateral hemisphere in the zone of
the cortex, hippocampus, and striatum. GPCs are stained with PKH26 (red) and cell nuclei (blue). Scale bar: 100 um. B. Transplanted

cells were stained with PKH26 (red) and anti-Mitochondria Human (AMA) (green). Scale bar: 50 ym.

Knetounas Tepanust YMT mnipeacrasisieT coboit
MepCreKTUBHBIN MEeTO/, JieueHHs], HalpaB/eHHbIN Ha
BOCCTaHOBJIEHHEe [TOBPeXXJeHHOW HePBHOW TKaHU
Y yayulieHue (yHKLMOHAIbHBIX UCXOJ0B Y MaleH-
ToB. UMT xapakTepu3yeTcsi CJIOKHOM 1MaToPpU3nO0/I0TU-
eii, BK/TIoUatoLL|eli epBUYHbIE TOBPEXXEHMs], CBSI3aHHbIe
C Herocpe/|CTBeHHbIM (PU3UUeCKHM BO3ZleliCTBHEM Ha
HEpPBHYIO TKaHb, 1 BTOPUYHEBIE NTPOLIECCHI, TAKHE KaK
BOCIIa/IeHVe U HelipoziereHepawusi, KOTOpble pa3BHBa-
IOTCS B TeUeHHe JI/IMTeTbHOTO BpEMEHH IT0C/Ie TPaBMBl.

B To BpeMs Kak KJ/leTOUHasi Tepamnvs B 0CTPOU
¢aze UMT 3aTpysHeHa U3-3a BbIpaK€HHBIX MAaTO/I0-
IMUYeCKrX MU3MeHeHWl B HepBHOY TKaHU, OTCPOYEHHOe
BBe/leHME CTBOJIOBBIX/TIPOreHUTOPHBIX K/IeTOK (uepe3
24 yaca u 6osiee 110C/Ie TPaBMbI) KaKeTcst 6osiee Mof-
XOJAIIAM CII0COOOM Teparuu BBU/Y TTPUOIMKEHHOCTH

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

K KJIMHAYEeCKOM TMpakKTHKe. B 3TOT mepuoz, 0CHOBHBIE
HEKPOTHUUeCKHe TIPOLIECCHI Y Ke 3aBeplleHbl, U KIeTKU
MOT'YT 0Ka3aTh TeparieBThyecKuii 3¢ ekt Ha BOCCTaHO-
BUTeJIbHBIE MTPOLIecchl. B 1aHHOM paboTe ObII0 TIpOBe/e-
HO BHyTpuapTepuanbHoe BBefeHue ['KI1, momyueHHbIX
u3 UTICK, uepe3 24 yaca nocie MmofemupoBanust UMT.
NccenenoBanne nokasano, uto Beegenve I'KII ynyuriano
HEBPOJIOTMYeCKUH CTaTyC >KUBOTHbIX nocie UMT. Tpu
3TOM JaHHasl Tepanusi CTaTUCTUYeCKU [JOCTOBEPHO
CHIKas1a 00beM MOBPEXK/IeHHsI CEHCOMOTOPHOMW KOPBI.

OueBU/HO, YTO JaHHBIN 3¢ deKT 00ycioB/IeH
OwicTpoii 1 3dexTrBHOM AocTaBkoi I'KI1 B TKaHb mo-
BPEKJEHHOTO MOJyLIapysi U UX HaKOIIJIEHUEM B 30He
TpaBMbI, UTO OBIJIO MTOKA3aHO TIPU THCTOJIOTMYECKOM
WCCieJOBaHUM uepe3 CyTKM Mocjie B/a BBefleHus1. [1pu
5TOM U3BECTHO, UTO ITHA/IbHbIE KJIETKHU CITIOCOOHBI Ce-
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KPETHUPOBATh IIIUPOKHIA CITEKTP OMOIOrUUeCcKy aKTHBHBIX
BellleCTB, 00/1a/jaf0IIX HeHPOMPOTEKTUBHBIMU CBOM-
cTBamU. B NpoBe/ieHHBIX paHee UCC/Ie0BAHKSX ObIIO MO-
KazaHo, uto ['KI1, nomyuyennsie u3s UIICK, cekpeTupytoT
Oesku, perympyroiye arnonto3 (6eoK TeroBoro 1oka
70 x1a 4 (HSPA4), rpemnun (GREM1)), obnagaroriye
MPOTUBOBOCMA/IUTETEHBIMA U UMMYHOMOZY/TUPYIOLIMU
cBotictBamu (aHTuTpom6OuH 11, ranektun-1 (LGALSY)),
MOBBILLAIOIIME BEDKUBAEMOCTh HEHPOHOB B YCJIOBU-
SIX OKUC/IUTE/IbHOTO CTpecca (TepoKCUpesoKCHH-1
(PRDX1)), a Takke HeipOTPOGhUHBI (HEUPOTPOpUIe KU
¢akrop mo3ra (BDNF), 1jvapHbIii HelpoTpodyuecKyit
tdakTop (CNTF), dpakrop pocra HepBoB (NGF) [16,
20]. Ckopee Bcero nonoxutenbHble 3¢ @ekts ['KIT
CBSI3aHBbI C MapaKpPUHHBIM [I€HMCTBUEM 3THUX COeIUHe-
HUH, TaK KaK Ha 3 CyTKM KCIIepUMeHTa MPOUCXOJu/a
MO/Has MUMUHALYs TPAHCIJIAHTUPOBaHHBIX KJIE€TOK
0e3 vHTerpaLy B TKaHU perurieHTa. Bo3amoHo, erre
O[JHAM MeXaHW3MOM TeparieBTUYeCKOr0 IeHCTBUSI MOYKET
ObITh rocTakpuHHOe B3anMogerictue I'KIT ¢ kieTkamu
roJioBHOro Mosra [21, 22].

OpHuM U3 Haubosee W3yYeHHBIX TUTIOB KJIeTOY-
HoU Tepanum Ayst UMT siBasieTcsi MCONb30BaHUe
MY/JIbTUNIOTEHTHBIX Me3eHXUMa/bHbIX CTBOJIOBBIX
ki1eTok (MMCK). OHuU Take CIIoCOOHBI CeKpeTH-
POBAaTh MIHUPOKUHN CITEKTP OMOIOrnYeCKH aKTUBHBIX
BellleCTB, 00/1a1a0IMX UMMYHOMOZY/TUPYIOIUMHA
1 HelpoTpo(uueCcKUMU CBOMCTBaMHU. McciemoBanust
Ha >KMBOTHBIX MOJeJIsIX TT0Ka3aau, UTO BHYTPUBEH-
Hoe uay B/a BBeZleHne MMCK uepe3 24 vaca nocJie
YMT crocoOCTBYeT y/IydlIeHHUI0 HEBPOJIOTHYe CKUX
(yHKLMI ¥ YMEeHbIIEHNIO BOCHAJUTe/NbHbIX MIPO-
teccoB [23-25]. I[Ipuuem meTox B/a obecrieunBan
6osiee 3¢ HeKTUBHYIO JOCTABKY K/I€TOK B IOBpe-
JKJIeHHYI0 00/1acTh MO3ra U criocobcTBOBas 6omee
BbIpa)KeHHOMY TeparieBTudeckomy 3ddexry [26,
27]. Ilpu 3TOM He BCe UCCJielOBaHUS MTOKa3bIBaIU
BbIpa)KeHHOEe yMeHbIlleHre 0ObeMa ouara roBpex/e-
Hus [25]. B HeKOTOpbIX KJIMHUUECKUX UCTIBITaHUAX
Ha JIosx Takke puMenstorcst MMCK anid neueHus
UMT. Hanpuwmep, BBegienne MMCK nanueHTam
C TSDKebIMU TPaBMaMHK MO3Tra MOKa3bIBaeT MOTeH-
LMabHbIe yayyllleHUs B HeBPOJOTUYEeCKOM CTaTyce
Y KOTHUTUBHBIX QyHKUUAX [28, 29]. Emje ogHum
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TUIIOM KJIeTOK, UCIIO/Ib3yeMbIM 15 Tepanuu UMT,
SIBJISTFOTCST HelipasibHble cTBoJIOBLIe KneTku (HCK).
B otnuune or MCK, onu moryT auddepeHumupo-
BaTbCs B HEHPOHBI, aCTPOLUTHI U OJIUTO/€HPOLIUTHI,
YTO Jle/IaeT 3TOT THIT KJETOK Oosiee MOAXOISAIINM /ISt
Teparyy HeBPOIOTHUeCKUX 3aboeBanuii. BBegenue
HCK xuBoTHbIM ¢ UMT 0Ka3biBaeT MO0KUTEbHOE
BMsIHME Ha (GYHKI[MOHUPOBaHWE TOJOBHOTO MO3Ta
Y TIPUBOJIUT K YMEHbIIIEHUIO 00bemMa TTOBPeX/eHUs
[30—32]. Pannue da3bl KIMHUYECKHUX UCTIBITAaHUN
HCK g5 oLjeHKM ux 6e301acHOCTH U 3 PeKTUBHO-
ctu 11pu JiedeHur UMT 110Kasasiu nojoKuTe/bHbIe
TeHJeHLIMU B BOCCTAHOBJIEHUU HEBPOJIOTHYE CKUX
¢dbynkumit [28, 33-35].

KiuHuyeckue uccieioBaHuUs KJIETOUHOW Teparnvy
st UMT Haxo[saTCs Ha paHHUX CTausAX, OSHAKO Mpej-
BapuUTe/bHbIe pe3y/bTaThl AAl0T HaZeKAy Ha TO, UTO
3TOT MEeTOJ, MOKeT 3HaUUTEe/bHO YAYUIIUTb UCXO/IbI
Jedenus. [I[ppumMeHeHVe K€TOYHOW Teparuu B paMmKax
TPAHC/ISIMOHHON MeTUITUHBI TIOTEHIAIbHO CTI0COOHO
TOBBICUThL BBDKMBAEMOCTb U KaueCTBO »KU3HU Maly-
entoB ¢ UYMT, obecreuriBast HOBbIE BO3MOXKHOCTHU /IS
HeNpOIpOTeKL[UY U pereHepaliui HepBHOMW TKaHHU.

BbiBogbl

ITonyueHHble faHHBIe CBUJETE/IbCTBYIOT, UTO
KJIeTOYHas Tepanus C ucrnosb3oBanuem ['KII, mo-
nyueHHbIx U3 UTICK, sB/sieTCss MHOTOOOEIIAr0IINM
MeTozioM JiedeHuss UMT. HanpasneHHoe BBesieHue ['KII
B MO3I I1PU [TIOMOLLY BHYTpUapTepUalbHOIO BBe/IeHNs
B KapOTH/HbIe apTepuu NMPUBOAU/IO K 3¢ ()eKTUBHOM
MUI'DALIUM K/IeTOK B TKaHU I'0JIOBHOro Mo3ra. Kiie-
touHas Teparus ['KIT ciocob6cTBOBano mpoijeccam
HelipOBOCCTaHOB/IEHHs M yMEeHBIIIeHHUI0 00beMa oJara
roBpexxzeHus y )XuBoTHbIX ¢ UMT. Ilpenmnonoxxuresns-
HO, TeparnieBTuueckue 3¢ dektsl ['KIT ocHOBaHBI Ha
MexaHu3Me [MapakKpUHHOTO JelCTBHUSI CeKPeTHPYEeMbIX
MU (hakTopoB. Mcrionb30BaHKe TaKoro MofXofia B 06-
JIaCTY TPaHC/ALMOHHON MEeULIMHBI MOXKET 3HAUMTeTbHO
YBEJIMUUTE BDKMBAEMOCTb U YTyUIIATh PeabuIuTaLio
MalMeHTOB M0C/Ie YepernHO-MO3r0BOM TPaBMbl, OIHAKO
TpebyeTcs Gosiee feTanbHOE U3yUyeHHe MeXaHU3MOB
TepaneBTHUeckoro Aeicteus ['KII.
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AnHoTanus. AkmyaibHoCMb. I'a30BeId TpaHCMUTTEp CepoBozopoy (H,S) n3BecTeH Kak CHrHaIbHast MOJIEKY/Ia, y4aCTBYHOIAst
B Pery/siLiMi MHOTHX KJIETOUHBIX (PyHKIIMI B HOpPMe U IIPH M1aTOJI0TMYeCKUX COCTOSHUSIX. B rocsiejHee BpeMsi akTMBHO U3YUatOTCsI
Guonoruueckue s¢pdektsl H,S npyu oxxupennu u Metabomueckom cunapome (MC) ¢ mosuimy nepCrieKTUBbl paspaboTku papma-
KOJIOTHYeCKUX areHToB, 00eCIeurBarOIHX MaToreHeTHYeCKd 000CHOBAaHHYIO KOPPEKLIMIO JAHHOTO CHHAPOMA U aCCOLMMPOBaHHBIX
¢ HuM 3aboneBanuii. Lleab pabomb! COCTOSANA B U3yYeHHWH PO/ 3HZIOTeHHO NpoAyLupyeMoro H S B matorenese MeTaGo/Mye CKUX
HapyllIeHW# NpH 3KcriepuMenTansHOM MC. Mamepuanbt u MemoObl. MogieMpoBaHue ueT-uHAYLMpoBaHHOTO MC BBINOMHAMN
Ha KpbIcax-camijax Wistar ¢ IoMoII[bi0 BEICOKOKUPOBOM 1 BBICOKOYTTIEBOAHOM JHeThl. Y KUBOTHBIX OTIPeZesisiid Maccy Tesa
Y KUPOBOU TKaHH. B CBIBOPOTKe KPOBY M3Mepsi/IM ITOKa3aTe/H YIJIEBOAHOTO U JIUTHAHOTO 0O6MeHa C MCIO/b30BaHIeM HabopoB
peareHTOB. B >KupOBOM TKaHY ()OTOMETPHUUECKH aHA/IM3UPOBA/IM YPOBEHb aKTUBHBIX (hopM Krcsiopozia (ADK) 1 BoccTaHOBIEHHOTO
rmytatrona (GSH). Konnenrparpro H,S B CIBOpOTKe KPOBH, JKUPOBOHM TKaHH M KHHTEHCHBHOCTB €70 MPOAYKLMU PETHCTPHPOBAIH
crieKTpodoToMeTprUecKU. Pesynbmambl u 06cyscoeHue. YCTaHOBIEHO, UTO Ha ()OHe THIePIIMKEMIH U HHCY/IMHOPe3UCTeHTHOCTH
CHIDKAJIach KOHIeHTpauusi H,S B CbIBOPOTKE KPOBH, )KUPOBOW TKAHW W MHTEHCUBHOCTD NMPOAYKLMK H,S KeTKaMu XMpOBOH
TKaHW. BhIsB/IeHa oTpUIlaTe/IbHasA KOppesALpsa Mexay cofiepxkanureM H.,S, ero mpoayKiyeii B )KUPOBOK TKaHH KPBIC ¥ MacCoM
BHCLiepabHOM )XUPOBO TKaHU. OOHapy)XeHa OTpHULiaTe/IbHas B3aMMOCBSI3b MeXX/ly KOHLIEHTpaIhel TIIOKO3bI, MHCY/IMHA,
nentuHa, A®K u yposHem H,S B CBIBOPOTKE KPOBM M JKUPOBOH TKaHW. Hanpotus, noseimenue GSH B )XMpOBO# TKaHH
NpAMO KOPPEJIMPOBAsIo C yBe/myeHneM ypoBHs H,S B CEIBOPOTKe KPOBH M KJI€TKaX )XMPOBOW TKaHU. Bbigoodbl. HecmoTps Ha
BCECTOPOHHee M3y4eHHe PeryIsTOPHOro AeicTers H,S Ha (GyHKIMIO K/IeTOK-MMIIIeHeH, CBe/IeHHs O ero 3HaYMMOCTH B Pa3BUTHH
1 nporpeccrupoBani MC BecbMa HeOZHO3HaYHBI M TIPOZIO/DKAIOT PacKpBIBAaThCs. B Haieli paboTe moKa3aHoO, UTO B yCIOBUSIX
MeTab0/IMueCKOM NaTo0ruK NPOMCXOJUT CHIKeHHe ChIBOPOTOUHOM KoHLieHTpaluy H,S 1 ero npogyKuuu B )KMPOBOH TKaHH,
KOTOPOe KOppeJIpyeT C Pa3BUTHEM O>KUPEeHHs], TUIePITIMKeMUH, MHCYTMHEeMUH, JIENTHHEMUH, HapylLlleHneM pefloKC-CTaTyca.

KnroueBble CJIOBa: CEPOBOZAOPO]], MeTabOMHUeCKUii CHHAPOM, O)KUPEHUE, TUTIePITTUKEMIs], THCY/THHOPe3HUCTeHTHOCTh

Hudopmanus o hpuHAHCUPOBaHUH. ABTOPEHI 3asiB/ISIIOT 00 OTCYTCTBHUM BHELIHero (pUHAHCHPOBAHHSI.
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The role of endogenous H_S in experimental metabolic syndrome

Julia G. Birulina =5, Vladimir V. Ivanov *, Evgeny E. Buyko ', OlgaV. Voronkova ,

Nikita A. Chernyshov ', Svetlana V. Gusakova

Siberian State Medical University, Tomsk, Russian Federation
> birulina20@yandex.ru

Abstract. Relevance. The gasotransmitter hydrogen sulphide (H,S) is a well-known signalling molecule that is involved
in the regulation of a wide range of cellular functions in both health and disease. Its biological effects in obesity and metabolic
syndrome (MetS) have been investigated. It is a promising pharmacological target for the correction of MetS and associated
diseases. The aim of this study is to investigate the role of endogenously produced H,S in the pathogenesis of metabolic disorders
in experimental Met S. Materials and Methods. A high-fat and high-carbohydrate diet was used to induce MS in male Wistar
rats. The body and adipose tissue weights of the animals were determined. The animals body and adipose tissue weights were
measured. Indicators of carbohydrate and lipid metabolism in the blood serum were determined with the use of reagent kits.
Additionally, the levels of reactive oxygen species (ROS) and reduced glutathione (GSH) were analyzed in adipose tissue through
photometric analysis. The concentration of H,S in blood serum and adipose tissue, as well as H,S production by adipocytes, was
measured spectrophotometrically. Results and Discussion. H,S concentrations in blood serum, adipose tissue and adipocyte H,S
production were found to decrease in animals with hyperglycaemia and insulin resistance. Additionally, a negative correlation
was observed between the H,S content and production in the adipose tissue of rats with the mass of visceral adipose tissue.
Furthermore, a negative relationship was found between the concentrations of glucose, insulin, leptin, ROS and the level of
H,S in blood serum and adipose tissue. In contrast, the increase in glutathione (GSH) in adipocytes was directly correlated with
the increase in hydrogen sulfide (H,S) in serum and adipose tissue cells. Conclusions. The regulatory effect of H,S on target
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cell function has been extensively studied. However, its role in the development and progression of MetS remains unclear. Our
work demonstrates that under conditions of metabolic pathology, there is a decrease in the serum concentration of H2S and its
production in adipose tissue. This decrease correlates with the development of obesity, hyperglycemia, insulinemia, leptinemia,
and redox imbalance.

Keywords: hydrogen sulfide, metabolic syndrome, obesity, hyperglycemia, insulin resistance
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BeepneHue

['a30TpaHCMUTTEpPHI TIPECTaBISIOT CO60M HeOOob-
I111e MOJIEKY/IbI H/IOTeHHOT0 Ta3a, KOTopble 00/1aziatoT
criocobHoCThIO U OYHANPOBATH B K/IETKU JI7IsI B3aK-
MOJIeMCTBUSI CO CBOMMM MUILEHSIMUA U UHAYLIMPOBaTh
Psi/l BHYTPUK/IETOUHBIX PeaKL{1ii CUTHa/IbHOW TPaHCYK-
1y [1, 2]. BBUAY BBICOKOM PaCTBOPUMOCTH B JIMIIMJAX
J71s1 TPOHUKHOBEHUsI Yepe3 K/IeTOUHble MeMOpaHbI
ra3oTpaHCMUTTepaM He TpeOyeTcsi B3aUMOZefCTBHe
C peLiernTopamy Iy1a3MaTi4eckoil MeMOpaHbI, PaBHO Kak
Y yuyacTHe CrieLdaabHOro repeHoCcurKa /s epejaun
CUTHasa.

Ceposogopof (H,S), Hapszy ¢ okcuziom asora (NO)
u okcuzioM yriepozga (CO), TakKe IPUHAJJIEXHUT K ce-
MercTBy rasomeziaropos [3]. Hecmorps Ha To, uto H,S
ObUT paHee U3BeCTeH KaK TOKCUYHbIN ra3, MHOTOUKC/IEH-
HbIe 5KCIIepUMeHTasIbHbIe UCC/IeJ0BaHUS MTOKA3bIBAIOT,

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

YTO OH MPOW3BOAXTCS (JEPMEHTATUBHO BO MHOTHX KJI€T-
KaxX OpraHr3Ma MJIeKONUTAILMX U Ue/oBeKa, a TakkKe
oriocpe/iyeT psiji Takux Ghr3uo0ruueckux hyHKIWN,
Kak peryssiysi COCyAUCTOro TOHyca, aHruoreses [4],
HelpoTpaHcMuccus [5], mpoayKuus HHCynuHa [6],
arornTo3, BocnanuTesibHas peakuys [7] u gp. [TokasaHo,
yTo CBOM 3(pdekTel H S peanusyer uepes MMPOKUid
CIIeKTP CUTHA/IbHBIX MOJIEKY/I, pearupys C CyrepoKCH-
aHUOHOM, MIEPEKUCHI0 BOOPO/a, TEPOKCUHUTPUTOM,
TUOJIOBBIMU TpOKM3BOAHBIMU U NO, BO3JeHCTByeT
Ha pa3/MuyHble TPAaHCKPUMNLMOHHBIE (akTopsbl (Nrf2,
FoxO3, NF-kB) [8, 9], a Tak)xe OHHbIe KaHaJbI [4]
B KJ/IeTKaX-MUIIIEHSIX.

B TO >xe BpeMsi B IuTepaType UMeITCS CBe/leHUsI
0 TOM, YTO TIPU Pa3/IMYHbIX NAaTOIOTUYECKUX COCTO-
STHUSIX, aCCOL[MMPOBAHHBIX C HapylleHHeM obMeHa
Bell[eCTB, TAaKUX KaK CaxapHbIi AnabeT, oxXKupeHue,
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MeTabosmueckuii cuHapoM (MC), TPOUCXOAUT Hapyliie-
HUe NPOAYKLMK ¥ CHrpkeHne bromocrynHoctr H S [10,
11]. MeTtabosmueckye ¥ reMOJHaMHUeCKUe Hapyliie-
HUsA, Bo3HUKaroLye rnpu MC, BeposiTHO, OKa3bIBatOT
B/MsIHUE Ha OasaHC JaHHOTO ra3omeJuaTopa ¥ Mexa-
HU3MBI ero Bo3zielCTBUs. [IpOTMBOPEUMBOCTD JaHHBIX
06 >¢dpexroprom norenpase H,S npu MC, a Takxke
aCCOLIMMPOBAHHBIX C HUM COL[aIbHO-3HAYUMBIX 3a00-
JleBaHW, /leflaeT ero MepcrieKTUBHBIM 00beKTOM [Jist
rcciefioBannii. CyliecTBYIOIMe Ha CEeTOAHSIITHNMN /1eHb
cBefieHus O BiusHUM H,S Ha K/1IeTOUHBIA romeocTas
TMO3BOJIA0T pACCMATPUBATE €r0 B KaYeCTBe BO3MOKHOIO
TpeTeH/IeHTa Ha poJib IPOTEKTOPHOTO OHOJIOTHUeCKOro
areHra.

TakuM 06pa3om, Le/Ibi0 UCCIIeI0BAHNS IBUIOChH
H3y4YeHue POJIK IHAOTEeHHO mpoayuupyemoro H,S
B TIaToreHe3e MeTaboMueCcKUX HapyLIeHNH Py KC-
nepuMeHTaapHOM MC.

MaTepman n MetTopabl

st uccnenoBaHuii ObIIO BBITIOJIHEHO MOJIE/H-
poBaHve MC B 3KCIlepUMeHTe Ha KpbICcaxX-caMLjax
Wistar (25 camMiioB, BO3pacT Ha Hadajo MCC/ie/loBa-
HUs 6 HeZiesib) 110 pPaHee OoMMcaHHOM MeToAuKe [12].
[Tpotokoun uccienoBanus 6611 0006peH Komuccueit
T10 KOHTPOJIIO COZIepKaHus U UCTI0/Ib30BaHus 1abopa-
TOpHBIX )XKUBOTHBIX (IACUC) ®T'BOY BO CubI'MYy
MunszapaBa Poccuu (ipotokon Ne 1 ot 25.04.2022 1).
KpbIChI KOHTPOIBLHOM TPYIIbLI MTO/1yYaau CTaHAapT-
HbI KOpM («Yapa», AccoptumeHT-Arpo, P®). Kphbick
OMBITHOM TPyNIbl B TeueHUe 12 HeZielb HAXOJUIUCh
Ha BBICOKOXXMPOBOW U BBICOKOYIJIEBOJAHOU JUeTe
(B’KBYI) c 3ameHo# nutheBol Bogbl Ha 20 % pac-
TBOP (DpyKTO3bl. JKUBOTHBIX BBIBOJW/IN M3 3KCIIepPU-
menTa CO,-3BTaHa3sueld. Boinonsamm 3a60p KpoBu U3
cep/iiia, KOTOpyto 3aTeM LieHTpudyruposasnu (2000 g,
10 MuH) A5 TONMy4YeHUs CbIBOPOTKU. V3Biekanu
Y B3BellWBa/U BUCLIepalbHYI XUPOBYIO TKaHb.
B cbIBOpOTKe KpOBU Ompejiessiii KOHL|eHTPpaL1io
rntoko3bl (Glucose-TR, Chronolab, Vcnanwus),
nHcyarHa (Insulin Rat ELISA Kit, Thermo Fisher
Scientific, CIIIA), nentuHa (Rat Leptin ELISA Kit,
ELK Biotechnology, KHP). PaccunTbiBanu uHzeKc
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HOMA-IR (Homeostasis Model Assessment of
Insulin Resistance) no ¢opmyrne: (CbIBOPOTOUHBIN
WHCY/WH) X (CbIBOPOTOUHAs IVIH0K03a)/22,5.

Konrjenrparuio H,S B CbIBOPOTKE KPOBM OTIpe-
nensiiy o Metoauke Li L. u coaBsrt. [13], g uero
aJIMKBOTHI CBIBOPOTKU CMEIINBAIU C JUCTUIIUPO-
BaHHOU BOAOM, alletaTtoM LuHKa (1 % macc./06.),
TpuxnopykcycHo kucnorou (10 % macc./06.), N,
N-gumeTus-ni-peHuneHuaMuHCyab(at (20 MKMOJIB/)
u FeCl, (30 mgmonb/n) 8 7,2 M HCI. Yepes 15 mun
W3MepsUIA ONTUYeCKYH0 TIJIOTHOCTD py 670 HM C Uc-
M0/Ib30BaHMEM MUKPOI/IaHIIeTHOro pujepa Tecan
Infinite200 (Infinite 200 Pro M-plex, Tecan, I1IBeiiiia-
puisi). KonrenTpaiuro H,S B CbIBOPOTKe KPOBU PacCu-
THIBA/IM 110 Ka/JTMOPOBOUHOI KPUBO#A C UCIO/Ib30BaHUEM
NaHS (1-250 MKMO/B//1) ¥ BbIpakajau B MKMOJIb/JI.
[s1 onpesiesieHUs CcoflepyKaHus U UHTEHCHUBHOCTH
npoayKuuu H,S B )KMPOBOM TKaHH KPbIC 110 METOAY
Mok Y.Y.P. v coaBr. [14] ¢pparmeHTbI TKaHU TOMOTEHU-
3vupoBanu B yieisHoM 100 Mmorb/n Kanui-gochaTtHom
oydepe (pH 7,4). K romoreHary go6assimi L-1ctenH
(10 mmorts/ 1), mupUaoKcanb-5’-hocdar (2 MMomb/m),
¢bu3monoruueckrii pacTBOp ¥ MHKYOHPOBAJH B Teue-
aue 30 muH (37 °C). 3aTeM BBOJIWIU alleTaT IIMHKA
(1 % macc./06.) u Jo6aBAsIIM PaCTBOP TPUXJIOPYK-
cycHow kucyotsl (10 % macc./06.). [l onpezeneHust
6a3abHOro (MCX0AHOr0) YpoBHA H,S B TKaHAX TpHXJIO-
PYKCYCHYIO KHCJIOTY BHOCHJIM HEMOCPeACTBEHHO
nepef; fobasneHreM L-1icTenHa. 3aTeM A06aBssiig
N, N-gumeTtun-n-gpenunenguamuHcyab@at (20 Mx-
mosiw/n) u FeCl, (30 mkmons/n) 8 7,2 M HCI. Tlocrne
nHKyOaruu cmecu B Teuenue 10 mus (37 °C) mpoObl
tentpudyruposanu npu 10000 06/MuH, oTOMpanu
CyIlepHaTaHT U U3MePSI/IU ONTUYECKYHO TJIOTHOCTh
(670 HM) € MOMOILIBI0 MUKPOTJIAHLLIETHOTO pUepa
(Infinite 200 Pro M-plex, Tecan, IlIBeiiapusi). Kon-
neHTpanuro H,S paccunThbiBaam 1o KanubpoBOUYHOK
kpuBor NaHS (1-250 MKMoO/B//T), pe3yabTaThl Bbl-
paxxaau B HMoJIb oOpasoBaBuerocss H,S/mr Gesnka.
AXTUBHOCTH TIPOAYKIUK H,S BbIpaxkasu B HMOJIb
H,S/(mMun*mr Geska).

Copeprkanue akTUBHbIX (hopM Kucnopoza (ADK)
B )KMPOBOM TKaHU ompezensisii GayopecleHTHbIM
MeTozoM [15] ¢ MOMOILbI0 MUKDPOI/IAHILIETHOTO PHU-
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nepa (Infinite 200 Pro M-plex, Tecan, [lIBeiitiapus).
[ns onipefienieHust Cofep>kaHusi BOCCTAHOBIEHHOTO
rnytatioHa (GSH) »kupoByto Tkasb (100 mr) romore-
HH3UPOBaU B 5 % pacTBope Cy/b(oCcaaniiIioBOi K1cC-
JIOTBI, 3aTeM LieHTpudyrrpoamu npu 15000 g (2—4°C,
15 muH), cobupanu cyrepHaTaHT ¥ (HOTOMeTPUPOBAIN
Ha criekTpodoTtomerpe CP-2000 (Criektp, PD). Komm-
YyeCTBEeHHOe Orpe/iesieHre OesTka BBITOTHSUTH B PeakIiu
¢ ouHxoHMHOBOM Krcnotol (BCA Protein Assay Kit,
Sigma-Aldrich, CIIIA). Pe3ynbTaTel NpeACTaB/IsIN
B HMOJIb/MT OeJiKa.

CraThCcTHUeCKyIo 00pabOoTKy JaHHBIX TIPOBOV/IA
B riporpamMme SPSS Statistics 23. [laHHble, moguu-
HSIOLLMeCS HOPMa/IbHOMY 3aKOHY pacripefiesieHus,
TIpe/iCTaB/IeHbl B BUle cpefHero (M) v ctaHAapTHOro
oTKMoHeHus (£SD), HemoJUUHSIOIIECST — MeUaHbI
(Me), 25-ro u 75-ro nepueHTuneii (Q25; Q75). Ananu3
Pa3MuuMii MKy BHIOOPKAaMU BHITIOTHSITH TIPU TIOMOILIA
t-kputepus CtbrogeHta unyu U-kputepus MaHHa —
YutHu. Pa3nuuus cuntany cTaTUCTUUECKU 3HAUYMMBbI-
MU 1ipu p < 0,05. g OL[eHKU B3aUMOCBSI3U MeKAY
ToKasaressiMy onpezensiii Ko3¢dULIMeHT paHT0BOM
koppessituu CrimpMeHa.

Pe3ynbraTtbl M 06Cy)XAEHME

IueT-uHAyLMPOBaHHAs SKCIIepUMeHTaIbHas MO-
Jenb MC y KpbIC SIB/IIeTCSI OHUM M3 OTHOCUTE/IbHO
NIPOCTBIX U JOCTYITHBIX UHCTPYMEHTOB, [I03BOJISIOLINX
Y3y4aTh B3aMMO/IeMCTBUE Pa3/INUHbIX (JaKTOPOB B Me-
XaHH3Max (pOpMHUPOBAHUS KaK CaMHX MeTaboueCcKUx
HapyllleHWH, Tak U UX OCTIO’KHEHUH, a TaK)Ke OlleHUBAaTh
BJ/IUSTHUE PA3/TMYHbIX OMOIOTHUeCKU aKTUBHBIX MOJIEKYIT,
B TOM YMCJIe Ta30MeINaTOPOB, Ha naToreHe3 MC [12,
16]. B pe3ynbraTe poBe/jeHHOTO SKCIIepUMeHTa HaMu
YCTaHOBJIEHO, UTO COZlepKaHue XKUBOTHBIX OIMBITHON
rpyIrsl B TeyeHve 12 Hefens Ha BJKBY/] nipuBoauio
K yBe/IMUeHUIO0 MacChl TeJa, yAeabHOW MacChl BUC-
L|epa/IbHOM )KUPOBOM TKaHH, a TaKKe K ITOBBIIIeHUI0
B KPOBU KOHLIEHTPALWH [VIFOKO3bl, UHCY/IMHA, JIENITHHA,
TPUaLWIITIMLePOJIOB U XosecTeposa. VIHgeKc UHCy-
muHopesucteHTHOCTH HOMA-IR y kpric ¢ MC 6511
CTaTUCTUYECKU 3HAYMMO BBbILlIe, YeM Y JKUBOTHBIX
TPYTIBI KOHTPOis (Tabm. 1).

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

Ta6nuya 1/ Table 1
Moka3saTenu NabopaTopHbIX U MHCTPYMEHTaNbHbIX UCCNIeA0BaHuUM,
XapaKTepu3sylowux ¢opmMupoBaHue MeTaboIM4yecKoro CUHApPoMa
y Kpbic / Laboratory and instrumental parameters of metabolic
syndrome in rats

I'pynna / Group
MNapametp/ KoHTposnbHas OnbiTHas
Parameter (n=13)/ (n=12)/
Control Experimental
(n=13) (n=12)
Macca Tena (r)/ .
Body weight () 416,8 + 25,1 462,5+37,2
YaenbHasi Macca XX1poBou
TKaHm (r)/ "
Adipose tissue/body weight 22+06 36108
ratio (g)
rntoko3a (Mmonb/n)/ 53+04 79406
Glucose (mmol/I) e i
WHeynuH (nmonb/n)/ 109+33 201+ 58*
Insulin (pmol/I) e e
HOMA-IR 2604 6,3 +0,8*
TlentuH (Hr/mn)/ "
Leptin (ng/ml) 2804 45+0,6
Tpuauunrnvueponsbl
(Mmonb/n)/ 1,3+0,2 1,8+0,3*
Triacylglycerols (mmol/I)
Xonectepon (Mmonb/n)/ "
Cholesterol (mmol/l) 19204 27405

Mpumeyarme: * — pasnuind npu p < 0,05 Mo CpaBHEHMIO C KOHTPOMBHOW
rpynnom.

Note: * p < 0,05 significance vs. control group.

YpoBenb ADK B »KHMpPOBOW TKaHU KpPBIC, MOJY-
yaBimmx BXKBY/I, B cpeanem B 1,5 pa3sa (p < 0,05)
TpeBbIIIa/] COOTBETCBYHOLee 3HaUYeHUEe B KOHTPOJIb-
HOU TpyIIIe )XUBOTHBIX, TOr/la KaK KOHLIeHTpaLys
GSH y >KMBOTHBIX ONBITHOM TPYIIIbI OKa3aaach HIXKe
B cpegHeM B 1,4 pasa (p < 0,05) y >)KMBOTHBIX OTMBITHOU
rpymbl (puc. 1). Takum o6pa3om, mosiyueHHbIe HaMU
[laHHbIe TIOATBEPKAAt0T (akT (POPMUPOBAHKS Y KPbIC
OTIBLITHOM TPYIITbI XapakTepHbIX At MC MeTabonm-
YeCKHUX HapylleHUH, KaKk Ha CUCTEMHOM YPOBHe, TaKk
Y Ha YPOBHE MPOOKCUJAHTHOM aKTUBHOCTU JKUPOBOM
TKaHH, 4TO, B L|eJIOM, Orpe/ie/sieT BOCIIPOX3BeeHHYI0
Mozenb MC Kak preM/ieMyo [/l OLIeHKH MaToreHe-
THYeCKOM 3HAYMMOCTH SH/JOT€HHO NPOAYLIMPYEMOIo
H,S y skcriepuMeHTanbHbIX )KUBOTHBIX.
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3,59 p<005

APK, yon. en
ROS, au

T T
KoHtpanexas rpynna OneiTHaA rpynna
ontrol group Experimental group

1209

p<0 5

GSH, Hmone/mr Genka
GSH, nmal/mg of protein

T
OnbiTHas rpynna

T
KakTponeHas rpynna
Experimental group

Contral group

Puc. 1. YpoBeHb A®OK 1 BoccTaHOBNEHHOrO rnyTatuoHa (GSH) B XXMPOBOW TKaHU KPbIC KOHTPOJIbHOW
W OMbITHOW rPynMbl. p — pasnymsa No CpaBHEHUIO C KOHTPOJIbHOW rpynmnowu

Fig. 1. Concentration of ROS and reduced glutathione (GSH) in the adipose tissue of control and experimental rats.
p — significance to control group

YcTaHoB/neHo, UTo Ha (pOHe BO3HUKAIOLL|el rurepr-
JTMKeMUU U MHCY/IMHOPEe3UCTeHTHOCTH TIPU MUTaHUU
KPBIC BbICOKOKA/IOPUIHBIM PaLjMOHOM KOHLIEHTpaLusi
H_S B CbIBOPOTKE KPOBH, KUPOBOM TKaHU U MPOAYKLUsI
H,S agunonuraMu 3KCriepuMeHTalbHbIX KUBOTHBIX
CTaTUCTHYEeCKH 3HAYMMO CHI)Kasach N0 CPaBHEHUIO
C )KUBOTHBIMHU KOHTPOJIbHOM TpyTbI (Tabs. 2). B pe-
3y/lbTaTe CTaTUCTUYECKOrO aHa/lu3a yCTaHOB/IeHa
oTpuLaTeIbHasi KOppessiUOHHAas CBA3b MeXXY KOH-
teHTpayei H,S, a Takxe akTHBHOCTBIO €ro HapaboTKK
B )KMPOBOU TKaHU U y/ieJIbHOM MacCOW BUCLIEPa/IbHOTO
JKHpa Y KPbIC OMBITHOW TPYIIILI (PUC. 2).

Tabnuya 2 / Table 2

KoHueHTpaums H,S B cbIBOPOTKE KPOBM 1 UHTEHCUBHOCTb
€ero NpoAYKLMU B XKMPOBOIi TKaHU Y KpbIC C MeTabonMyeckum
cuHapomom / Concentration of H,S in serum and H,S production in

adipose tissue of rats with metabolic syndrome

Mpynna / Group
Napametp / KoHTponbHas OnbiTHas
Parameter (n=13)/ (n=12)/
Control Experimental
(n=13) (n=12)
H,S B cbiBOpOTKE KpOBY
(Mkmonb/n) / 19,5+ 4,6 15,2 +1,9*
Serum H_S (umol/l)
H,S B X1poBoOWN TKaHK
(Hmonb/Mr 6enka) / 14404 11402+
Adipose tissue H,S e o
(nmol/mg of protein)
Mpoaykuus H,S B xnposon
@ (nmonb/(MutMr 6enka)) / | 51304321 | 1269 +19,8%
,S production in adipose tissue
(pmol/(min*mg of protein))

pymedanme: * — pasnuuns npu p < 0,05 N0 CpaBHEHNIO C KOHTPOSb-

HOW rpynnow.

Note: * p < 0,05 significance vs. control group.
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[IpencTaB/ieHHbIe HA CETOAHSAIIHUM €Hb JIU-
TepaTypHbIe JaHHbIE 0 B3aUMOCBSI3U U30BITOYHOTO
HaKOTIeHUSI )KUPOBOU TKaHU U CUCTeMbI OMOCHHTe3a
H,S HeopHO3HauHbI. P nccieoBaresield oTMeyanu
Kak yBesingenue [17], Tak u cHWKeHue [6, 18, 19]
sKcrnpeccuu (epmenTos cuntesa H,S (CBS — nucra-
TUOHMH-[3-cuHTa3a, CSE — 1[ucTaTHOHWH-Y-/THa3a,
MST — mepkanronupyBaTcyabhoTpaHcdepasa) 1 ero
MIPOAYKLIMH B K/IETKaX Pa3/MUHbIX OPraHoB, B TOM UMCIe
JKMPDOBOM TKaHH, B 3aBUCUMOCTH OT TUIIA JUEThI, PO-
JOJDKHATETbHOCTH BbICOKOKA/IOPUITHOTO KOPMJ/IEHUS,
BU/IA KCIIEpUMEHTAJIbHBIX )KUBOTHBIX. BBefeHue in
vivo moHopoB H,S wiu cTUMySIMst SHZOTeHHOTO
cunTe3a H,S crnoco6CcTBOBaMM HAKOTI/IEHHEO KUPOBOK
MAacChl y MBILIIEN B SKCIIePUMEHTe, TOTJa KaK UCTO-
1eHue npoaykuuu H,S npesoTBpaiiiano passuTtue
O)KMPEHHS1 Y )KUBOTHBIX, BbI3BAHHOTO JUETOM C BHICOKUM
cogep>kaHureM >xupos [20]. B cBoro ouepeab, Ren H. ¢
KOJUL. IPOJIEMOHCTPUPOBAJIH, YTO BbICOKOKAIOpUKHAs
JveTa, cofiepyKaliasi KOHI[eHTPAT MOJIOUHOTO OerlKa,
Tpe/j0TBpalliajga OKUpeHe y KPbIC, UTO MOTJIO OBbIThH
CBfI3aHO C yBe/MueHrneM ypoBHs H,S B m1asme Kpo-
BU [21]. Takxe UMeIOTCSI IKCTIEPUMeHTa/IbHbIe JaHHbIe
MOATBEPXKAAroL1e, UTO MPOAOJDKUTETEHOE KOPMJIeHUe
JKMBOTHBIX KaJIOPUMHBIM PaliOHOM COMPOBOXKAAETCs
AedunuTom sHg0reHHoro H,S [19]. ABTOpSI K-
HUYeCKUX UCC/IeZI0BaHUM CO0011]a i O MOBBIIIeHUH
KOHLIeHTpaluy H,S B BbIAbIXaeMOM BO3/yXe y JieTen
C okupeHueM [22] v yBennueHuu KoHLeHTparuy H,S
TIa3Me KPOBH Y B3POC/IBIX C MOPOUZHBIM OXKUPEHHUEM
TIPOMOPLMOHA/ILHO YBEIMUEHUIO XKUPOBOW Macchl [23].

ONBMOMOMNA. SKCTTEPUMEHTATTBEHASA OU3INO0NO0T A
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Puc. 2. 3aBMCMMOCTb KOHLEHTPaLmMK H2S 1 MHTEHCUBHOCTM €ro NpoayKLMM OT MacCbl XMPOBOW TKaHW Y KpbIC
KOHTPOMBHOWM 1 OMNbITHOM rpynnbl. r — KoahduUmMeHT Koppensaunn CnnpmMena,
P — pasnnynsa Mo CPaBHEHUIO C KOHTPOSIbHOW Mpynnom

Fig. 2. Relationship of the concentration of H2S and H2S production with the adipose tissue/body weight ratio
in rats of the control and experimental groups; r — Spearman'’s correlation coefficient; p — significance vs. control group

[Ipu aHamM3e B3aUMOCBSI3U MEXAY Pa3/INUHbIMU
OroXMMUYeCKMMM TTOKa3aTe/IsIMU U cofiep>kanuem H,S
B CbIBOPOTKE KPOBH U )KMPOBOU TKaHU OBI/IO YCTaHOBJIe-
HO, UTO KOHLIeHTpAaL1s [VIFOKO3bl, UHCYJ/IMHA U JIeNITHHA
B KPOBH, a TaKxe cofep>kaHue ADK B )KMPOBOM TKaHH,
OTPHLIATE/IbHO KOPPEMPOBa/iK C ypoBHeM H,S B cbiBO-
POTKe KPOBU U B )KMPOBOM TKaHW. HarnpoTuB, BbICOKast
koHLUeHTpalust GSH B )KMpPOBOY TKaHU MOJIOXKUTEBHO
KOppeJIMpPOBaJia C yBesmueHrem yposust H,S B cbiBo-
POTKe KDOBU U KUPOBOH TKaHU (Tabsm. 3).

Ta6nuya 3 / Table 3
B3aumocesa3u MeXxay 6MOXMMUYECKUMU NOKa3aTensiMm
M KOHUeHTpauueii H,S B CbIBOPOTKE KPOBU M YXMPOBOIA TKaHM KpbIC
c meTabonuyeckum cuHgpomom / Correlations between biochemical
parameters and H,S concentration
in blood serum and adipose tissue of rats with metabolic syndrome

H,S H,S B upoBoit
B CbIBOPOTKE | TKaHW (HMonb/Mr
MapameTp/ KpoBU 6enka)/
Parameter (Mkmonb/n)/ | Adipose tissue H,S
Serum H,S (nmol/m
(pmol/l) of protein
MMtoko3a (MMonb/n)/Glucose _ _
(mmol/I) 0,55 0,62
WHeynuH (nMonb/n)/ _ _
Insulin (pmol/l) 0,42 032
NenTuH (Hr/mn)/ _ -
Leptin (ng/ml) 0,56* 0,36
ADK >xmposor Tkanu (ycn. eq.)/ _ _
Adipose tissue ROS (a.u.) 0,49* 0,63
?SH )Kmposgﬁ TKE;HVI
HMOnb/Mr 6enka)/
Adipose tissue GSH 0,45 0,43
(nmol/mg of protein)

lNpumeyanume: * —p < 0,05.
Note: * p < 0,05.

PHYSIOLOGY. EXPERIMENTAL PHYSIOLOGY

Bompoc o ToM, KakuM 06pa3om TrUIepriuke-
Mus B/MsieT Ha 6rnocuHTes H S ocTaercs ciopHeIM.
Bbru1o 06HapyskeHO, UTO BBICOKHI YPOBEHb IVTFOKO3bI
(20 Mmose/m) opaesa BeIpaboTKy H,S B KmeTkax
MHCYNMUHOMBI KpbIChl INS-1E. HanpoTus, rmroko3a
B KOHL[eHTpaLuu 10 wimn 20 MMob//1 UHAYLIMpPOBasa
BBIPab0TKy H,S B MBIIMHBIX B-K/I€TKaX OCTPOBKOB
MING 3a cuet ycunenusi akcripeccuu CSE [24]. B akc-
nepuMeHTax Wu L. ¥ Ko/, ObI710 TT0Ka3aHo, UTO Y KPhIC
Zucker c 11abeToM 1 0KMPEHUEM CKOPOCTh TIPOAYKLIU
sHzI0reHHoro H,S 6bia BhIe, ueM y Kpeic 6e3 nuabera,
a UHrUOMpOBaHUE ero TTPOAYKIUHM CIIOCOOCTBOBAIO
BOCCTAHOBJIEHUIO YPOBHS IVIFOKO3bI IOUTH IO HOP-
MasbHOTO ypoBHs [25]. CxofHbIe pe3y/bTaThl ObUIH
TOTy4eHbl Ha MBILIMHOW MOJIE/TU O)KUPEHUS C JOHOPOM
GYY4137 [155]. B nutepaType UMerOTCs JaHHbIe, UTO
KaK SH/IOTeHHbIM, TaK ¥ 9K30reHHbId H,S nHrubupyror
CeKpeLUi0 UHCY/TMHA [3-K/IeTKaMU MOo/KeTyI0UHOM
>kese3sl [11, 17]. YcraHoB/IEHO, UTO ra30MeuaTop H,S
BOBJIEUEH B PETYJISILUI0 MHCY/IMH-3aBUCKMOTO TOTIoLe-
HUSI [JTFOKO3bI JKMPOBOM TKaHbH0. [1py 3TOM coobimaercs
KaK 0 CTUMY/SILUU [26], TaK U 0 TOPMOXKEHUU 3TOTO
nportecca H,S 3a cueT ero BIMsiHUSI Ha Pa3/IMUHbIe
MOJIeKy/IsIpHble MULLIeHH, Takue Kak [JITHOT-4, PPARYy,
PIP3, Akt [10, 21].

Pe3ynbTaThl MPOBeJeHHBIX HAMU J1Ta00PAaTOPHBIX
TeCTOB CBU/IETE/IbCTBYIOT 00 yCHU/IeHUH MeTabo/1-
YyeCcKOW aKTMBHOCTHU XXUPOBOW TKaHU Y >KUBOTHBIX
¢ MC (ruriepsieniTHHEMUST), @ TAKXKe O C/IBUTe PeJJOKC-
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GasylaHca )KMPOBOM TKaHU B CTOPOHY TIPOOKCH/IAHT-
HOI aKTUBHOCTH (TOBbILIeHHEe KOHLleHTpalun ADK
u cHuwxkeHue ypoBHs GSH). B nutepatype npe[-
CTaBJ/IeHbl JaHHble 00 yyactuu H,S B perynsanuu
OKMCJIUTE/IbHO-BOCCTAaHOBUTEILHOTO FOMeocTasa
KJIETOK TTyTeM MOCTTPaHCASIIMOHHON MOoJu(UKaIvi
octatkoB LucrerHa (RSH) B nepcynbbugsl (RSSH),
aKTHBaLIUM aHTUOKCH/IAHTHBIX (PepPMEHTOB, TaKUX
KaK [7TyTaTUOHIepOKCH/a3a U CyTIepOKCUALMCMYyTa3a,
yBenuueHus B KieTkax GSH [7, 8] BrisiBneHHast HaMu
OTpUL|aTe/IbHAs KOPpesIsaLys MeXXy KOHLeHTpaLy-
er H,S, yposrem nentrna u AOK B )KMPOBOU TKaHU
CBU/IETe/bCTBYeT O BOB/IEUEHHUU CUCTeMbI 3H/I0TeHHOIO
brocunTesa H,S B marorenes Metabo/mMueCcKix Hapy1e-
HuUii, uHAyIUpoBaHHbIX B)KBY]] y skcriepruMeHTanbHbIX
KUBOTHBIX. [Ipy 3TOM CHIKeHue KoHIleHTparuu H,S
MO)KeT pacCcMaTpUBaThbCs KakK OJUH U3 (GaKTOPOB CU-
CTeMHO BOCIa/IMTeTbHOM peakLMH, aCCOLMMPOBAHHOMN
c oxkupenreM U MC. TeM He MeHee, ILIMPOKUY CIIEKTP
Y HeOAHO3HAUHOCTh HAMpPaB/IeHHOCTH OMOJIOrye CKUX
s¢dekToB rasomeauaropa H,S co3zaroT npeAnochuiku
JJ/1s1 Ja/IbHEHIIero U3yueHusi ero poiau B U3HUO0IOTU-
YeCKHUX YCIOBUSIX U TIPH Pa3BUTHU MeTabosue CKUX
HapyLlIeHUH.

BbiBOAbI

Hecwmotpst Ha BcecTopoHHee n3yueHue BimsiHus H S
Ha PeTy/ISLUIO Pa3/IMUHbIX KJIETOUHBIX (PYHKLWM, CBe/e-
HUS O €r0 3HAUMMOCTH B Pa3BUTUU U MIPOT PeCCUPOBaHUN
MC nipoJj0/KaroT pacKphIBaThCS U SIB/ISIOTCS BO MHOTOM
MPOTHUBOpeUrBLIMU. B Halleit paboTe Moka3aHo, uTo
BbIpa)KeHHbIE HapyllleHWst 0OMeHa BelleCTB, XapaKTe-
pusytolue passutue MC y 5KCcrieprMeHTa/IbHBIX >KU-
BOTHBIX (THUIEPITIMKEMUS], UHCY/IMHEMUS], IeTHUHEMMUS,
MPOOKCUAHTHBIN PeJOKC-CTaTyC), COMPOBOXKAKOTCS
CHIKEHHEeM ChIBOPOTOUHOM KOHLleHTparuu H,S u ero
MPOAYKLIUY B )KUPOBOU TKaHU. [IpUHSB BO BHUMaHue
BOBJ/IEYeHHOCTb CCTeMbI SHZJ0reHHOro GuocuHTesa H,S
B OIlepHpOBaHKe MPOLeCCOB PerysisiLiui roMeoCTasa,
c/eqyeT MOgUepPKHYTh aKTyaJlbHOCThb JabHeHIIero
M3y4YeHUs KJIeTOUHBIX U MOJIEKY/ISIDHBIX MEXaHU3MOB
AencTBus razomesinaropa H,S Ha K/eTKU-MULIEHH
B HOpPMe U IpY MeTabo/Tue CKOM MaToIoTHu.
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Cuctema npoteonn3/aHTUNPOTEONN3 Y YCIOBHO 340POBbIX MY>X4YUH
W )XEeHLL,MH pa3Horo Bo3pacTra

B.H. FOmyk', H.C. YenypHoBa' > E.B. MapkenoBa' ~, M.3. Epmounkas® =,
A.1O. CaBuenko® , 1.H. 3axapos?, K.A. Anapromenko’, I1.B. Bapa6amr' ',
Cun fln I3a' —, [I.A. Memepakora' —, H.I'. IL1exoBa'

'"TUX00KeaHCKWH ToCyjapCTBeHHbIM MeIULIMHCKUI YHUBEPCUTET, 2. Baadusocmok, Pocculickas ®edepayus
2MIHCTATYT aBTOMAaTHKH ¥ TIPOLIECCOB YIIpaB/ieHus, . Bradusocmok, Poccutickas @edepayus
3[lanpHEeBOCTOUHEIHN (esepabHBINA YHUBEPCHTET, 2. Baadusocmok, Pocculickas ®@edepayust
DX dr.cns@yandex.ru

AnHoTarmsa. AkKmyaibHocmb. CTapeHue — 3TO eCTeCTBEHHbBIN OHUOJIOriyeCKH MPOLIeCC PEeTPOrPaZiHOTO XapaKTepa, B XO/e
KOTOPOTO MPOUCXOANT pa3basaHCHPOBaHKE BCEX CUCTEM, B TOM YHC/Ie CUCTeMbI MAaTPUKCHBIX MeTastornpoTterHas (MMIT)
Y TKaHeBBIX MHTUOUTOPOB MaTPUKCHBIX MeTastonporerHas (TYIMII). A cocyaucToe ctapeHue CBsi3aHO € QYHKLMOHATbHBIMA
Y CTPYKTYPHBIMH U3MeHeHUsIMU MIPerMy1IieCTBEHHO apTeprabHOM COCY/IMCTOM ceTH ¢ Bo3pacToM. CTapeHHe MOXKET SIB/ISThCS
MyCKOBBIM (haKTOPOM I1aTOJIOTMUeCKHX U3MeHeHUH 3H/0Tes. MosieKy/sipHble MexaHU3MBbl, Jie)kalllie B 0CHOBe Ipoljecca J1c-
(yHKLMM 3HZOTe/Ns COCYZIOB, BK/IFOYAIOT B TOM UKC/Ie TOBBILIIEHHYHO SKCIIPECCHI0 U aKTHBALlI0 MaTPUKCHBIX MeTa//IONPOTeNHa3,
KOHIIEHTPAIVsI KOTOPBIX U3MEHSeTCS TIPYU CTapeHUH. MHOTOUHC/IEHHbIe UCCIe0BaHUs Co00ImaroT o pomu MMII-1,-2,-9,-12
B TIaTOTeHe3e MpeXK/1eBPEMEeHHOT0 CTapeHusl SHAOTe/HS, MU UHULUMPYETCS arlonTo3 K/IeTOK, UTO CIIOCOOCTBYET TIOBBILIIEHHOH
TIPOHHL[AEMOCTH, HO OTCYTCTBYFOT pabOThI, B KOTOPBIX OBIIH MpOaHaIu3MPOBaHbI BCe BO3PACTHBIE KATerOPHUU Kak MY»KUMH, TaK
VY JKEeHIL|VH, He OTSrOLIeHHbIX COMaTHUeCKOH T1aTo/Iorieil. B HacTosiieM Mcc/ieioBaHUH H3ydaeTcsi 0COOeHHOCTH PaboThl CUCTEMBI
TIPOTEO0/IU3/aHTUIPOTEO/N3 Y YCJIOBHO 37I0POBBIX JTFOfiel pa3HOro Bo3pacTa U rnosa. Mamepuanbt u Memoodbl. B paMkax MAIOTHOTO
WICCIe/I0BaHMS IPUHSTIO yuacTHe 347 yCI0BHO 3/I0POBbIX JTtofieid (226 >xkeHIMH U 121 My>KuuH, pas/ie/ieHHbIX 10 BO3PacTy, COITIaCcHO,
knaccudukarmu BO3), MpoxoAWBILKMX MepBbIi 3Tar gucnaHcepr3aiyi B I'BY3 «KoHCynbTaTHBHO-IMarHOCTHYECKUH [IEHTP TOP.
FO»xHO-CaxanMHCK», Y KOTOPBIX IPOBOAMIIOCH orpeziesieHre ypoBHS MMIT u TUMII B ceIBOpPOTKe KPOBH MeTOZOM TBepAO(}a3HOTo
U®A, ur/mn. CratrcTrueckast 00paboTKa pe3y/nbTaToB UCC/IeJOBAHUS OCYIIeCTBISIach C MIOMOILBIO TlakeTa rporpamm «[IBM
SPSS Statistics Version 25.0». Pe3yabmambi u 06cysicoeHue. OnpesiesieHbl U3MEHEHHs1 CUCTEMBbI TIPOTEe0/N3/aHTUTIPOTEO/ U3 KaK
B TPYIIe My)KUMH, TaK ¥ )KEHIIMH Pa3HOTO BO3pacTa, KOTOPhble MO)KHO OXapaKTepH30BaTh He I1aTO/I0OrMyYeCKUMH, HO O/IM3KHMU
K TaKOBBIM. YCTaHOBJ/IEHO, UTO Y MY)>XKUMH B Bo3pacTe 60—74 sieT 3ahuKCHpoOBaHa AUCKOOPAUHUPOBaHHast paboTa MaTPHUKCHBIX
MeTaJIIONPOTENHA3 U UX UHTUOUTOPOB B CTOPOHY yCUIeHHst Pohubpo3upytomiero 3¢ dhekTa, a y KEeHIIWUH B aHaIOTMUHOM BO3PAaCTHOU
KaTeropuy BBISIBJIEH MPSIMO MPOTHBOIOIOXKHBINA KOMITOHEHT — aHTHU(GHUOpo3upytoiyid. Bbigodsl. B HacTosiIeM vcc/ieJoOBaHHN
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Proteolysis/antiproteolysis system
in apparently healthy men and women of different ages

Vladimir N. Yushchuk’, Natalia S. Chepurnova' g’ Elena V. Markelova! *,
Marina Z. Ermolitskaya® ~, Anastacia Yu. Savchenko® ', Ivan N. Zakharov?,
Ksenia A. Andrushchenko’, Polina V. Barabash' ', Xing Yang Jia' ",

Daria A. Meshcheryakova' ', Natalia G. Plekhova'

'Pacific State Medical University, Vladivostok, Russian Federation
Institute of Automation and Control Processes Vladivostok, Russian Federation
3Far Eastern Federal University Viadivostok, Russian Federation
< dr.cns@yandex.ru

Abstract. Relevance. Aging is a natural biological process of a retrograde nature, during which there is an imbalance of
all systems, including the matrix metalloproteinase (MMP) system and tissue inhibitors of matrix metalloproteinases (TIMP).
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And vascular aging is associated with functional and structural changes primarily in the arterial vasculature with age. Aging
may be a trigger factor for pathological changes in the endothelium. The molecular mechanisms underlying the process of
vascular endothelial dysfunction include increased expression and activation of matrix metalloproteinases, the concentration of
which changes with aging. Numerous studies report the role of MMP-1, -2, -9, 12 in the pathogenesis of premature aging of
the endothelium; they initiate cell apoptosis, which contributes to increased permeability, but there are no studies in which all
age categories of both men and women were analyzed, not burdened by somatic pathology. This study examines the features
of the proteolysis/antiproteolysis system in apparently healthy people of different ages and genders. Materials and Methods.
As part of the pilot study, 347 apparently healthy people took part (226 women and 121 men, divided by age, according to the
WHO classification), who underwent the first stage of clinical examination at the State Budgetary Institution “Consultative
and Diagnostic Center of the Mountains. Yuzhno-Sakhalinsk”, in which the level of MMP and TIMP in the blood serum was
determined by solid-phase ELISA, ng/ml. Statistical processing of the research results was carried out using the IBM SPSS
Statistics Version 25.0 software package. Results and Discussion. Changes in the proteolysis/antiproteolysis system were
determined in both a group of men and women of different ages, which can be characterized as not pathological, but close to such.
It was found that in men aged 60-74 years, discoordinated work of matrix metalloproteinases and their inhibitors was recorded
in the direction of enhancing the profibrosing effect, and in women in the same age category, the exact opposite component was
identified — anti-fibrosing. Conclusion. The current development has demonstrated the influence of age and genetic resources
on the system of matrix metalloproteinases and their tissue inhibitors, in addition, a special age group has been identified — the
elderly group, which requires protection of the vascular system in order to monitor the impaired proteolysis/antiproteolysis system.
Keywords: aging, matrix metalloproteinases, matrix metalloproteinase inhibitors, endothelium
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BeepneHue
SAOPOBOQ CTapeHue OIMMHCHIBAET IMpoLecc CTape-
HUs, TP KOTOPOM OPraHu3M COXpaHseT OTHOCUTE/IbHO
XOpOIyI0 (PyHKI[MOHATBHOCTb U CITIOCOOHOCTH K Ca-
MOCTOSITe/IbHOM >XKHU3HU. B 3TOM C/lyuae, cTapeHue
COIIPOBOXXAA€TCA MUHUMa/IbHBIMH (I)I/IBI/IOJIOFI/ILIQCKI/IMI/I
Y MIaTO/IOTMUeCKUMU U3MEHEeHUsIMU. 3[0POBO€e CTapeHue
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rpeAroaraeT coxpaHeHve (hU3N4ecKo akTUBHOCTH,
KOTHUTUBHBIX (PYHKLIMH, COLIMA/TIbHON aKTUBHOCTH
u obmiero 6marononyuus. C Apyro CTOPOHBI, TIAaTO-
JIOTUUeCKoe CTapeHre XapaKTepu3yeTCsl pa3BUTHEM
XPOHUYECKUX 3a00eBaHNM, yXyAleHneM (yHKIHMI
OpPraHoOB U CHUCTEM, a TaK)Ke OTPaHUUEHUEM CII0CO0-
HOCTH K CaMOCTOSITeTbHOMN >KU3HU. DTO MOXKET ObITh

ONBMOMOMNA. SKCTTEPUMEHTATTBEHASA OU3INO0NO0T A
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CBSI3aHO C Pa3BUTHEM CEPbe3HbIX COCTOSTHUU, TaKUX
KaK JIeMeHIHsi, Cep/IeUHO-COCYAUCThIe 3ab0/ieBaHus,
pak, 0OCTeor0po3 U Apyrue BO3pacT-aCCOLIMUPOBaHHbIE
HapyLueHus. [laTosornyeckoe cTapeHre 4acTo COMpo-
BOXKZAeTCs yXy/AllIeHHeM KaueCTBa )KU3HU U TpedyeT
MEeJULMHCKOTO BMelllaTeIbCTBa U yX0a.

Paznmnuns Mexxay 340pOBBIM U TTaTOJI0THYe CKUM
CTapeHreM He BCerza sICHbI ¥ YeTKO onpezieneHbl. Heko-
TOpBIE JIFOIU MOTYT COXPAHSITh XOPOLIYHO (DYHKLIMOHA/Tb-
HOCTb U KaueCTBO KU3HU JjaXke B [IO)KUJIOM BO3pacTe,
HeCMOTps1 Ha ¢u3roiornyeckre u3amMeHeHus. B To ke
BpeMs, Y psifia MOJIOJBIX JItOfiell MOTYT BO3HUKAaTh PaHHUE
TIPU3HAKU MaToJI0rMUeCcKoro crapenus. MccieoBaHust
B 9TO# 00/1aCTH HarpaB/eHsl Ha Oostee TTyOOKOe TIOHUMa-
HUe MEXaHU3MOB CTapeHUsI ¥ pa3pabO0TKy CTpaTeryi Aist
MOJleprKaHusl 34,0POBOr0O CTapeHus U Npe0TBpAaLLieHUs
Pa3BUTHSI BO3PACT-3aBUCUMBIX MaTOIOTUIA.

[ToHsATHE COCYAUCTOrO CTapeHus Hepa3pbIBHO
CBsI3aHO C (DYHKI[MOHA/IbHBIMU U CTPYKTYPHBIMU M3Me-
HEHHUSIMU TIPEUMYILeCTBEHHO apTepyaabHOM COCYH-
CTOU ceTH ¢ Bo3pacToM. Tak, 3aBuUCsIee OT Bo3pacTa
peMozieTMpoBaHue 3H0TeNus COCYIOB U MUOKAap/a,
TIOMUMO MPOYeTro, CBA3aHO C U3MEeHEeHHsIMU KO/TMueCTBa
1 OpraHr3alyy KOMIIOHEHTOB BHEK/IETOUHOIO MaTpHK-
ca (BKM). MonekynsipHble MeXaHU3MBI, JiexKall[ye
B OCHOBe Tipoliecca AUCHYHKIMU SHAOTeNUs COCY[0B,
BKJIFOUAFOT TIOBBILLIEHHYO SKCIIPECCUI0 U aKTUBALIUIO
MaTPUKCHBIX MeTasUIONPOTENHA3, KOHLIEHTPaLKs KOTO-
PBIX YBeMUMBaeTCs Npy cTapeHuu [1]. Pemogenvipo-
BaHUe apTepuii, OTI0CpeIoBaHHOe akTUBalelr MMII,
SIBJIIeTCS TUCTOIATO/IOTYe CKUM MPHU3HAKOM CTapeHUst
apTepyii, TUIIEPTOHUM U aTepockiepo3a [1]. Marpukc-
Hble MeTaJl/IONPOTerHa3bl Pery/IMpPyIOT ariorTo3 myTeM
pacieryieHys vrasza Fas, uTo fenaet KeTky HeuyB-
CTBUTEJILHBIMU K CHTHajlaM arorrosa. B To ke Bpems,
MMII 061azaroT He TOJILKO aHTHAITONTOTHYE CKUMU, HO
U arnonToTU4eCKUMU CBOMCTBaMU. PaKTUUeCKH, TIPOLIeCC
CTapeHus COCYyZIOB CBf3aH C U3MeHeHreM B coctase BKM,
CTPYKTYPHBbIe Oe/IKi KOTOpOro (BUMEHTHUH 1 BUHKY/TUH)
WIpatoT MepBOCTENEHHYIO PO/ib B aDXUTEKTYPe TKaHew,
obecrieurBasi CTPYKTYPHYIO MOAAEP>KKY U OPraHU3aLHI0
TKaHel. basaHc cuHTe3a u gerpagarmy BKM HeoOxomym
JJ1sl HOpMaJIbHOM CTPYKTYPbI M (QYHKIMOHUPOBAHUS H-
JoTenanbHOM crcteMsl. B 1jenom cricrema MMIT vrpaet
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BaXXHYIO POJIb B TIOJ/I€P>KaHUM afleKBaTHOTO COCTOSTHUS
COCYIMCTOU CTEHKH, UTO 00yC/IOB/IMBAET aKTyaIbHOCTh
W3y4eHUsl ee XapaKTePUCTHK Ha Pa3HbIX 3Tarax CTapeHus
C BbIsSIB/IeHHEeM 0COOeHHOCTe! y yC/IOBHO-3/J0POBBIX
JItOZel TIOXKUJIOTO BO3pacTa. AHIMOreHe3 HapylluaeTcst
TIpY CTapeHry. 3a/iep’KKa HeoBacKy/IsIpH3aLii YaCTUYHO
00yC/I0B/IEHA 3aMe/I/IeHHeM MUTPALMH HAOTeTMATbHBIX
K/1eTOK. Murpauusi TpefyeT ONTUMaIbHOTO YPOBHS /-
re3uu K O6e/IkaM MaTpHUKCa, U 3TOT TIPOLIECC OTIOCPeyeT-
cs1t MMII-1. ABTOpBI NpeAIIO/AararoT, YTO HeZO0CTaTOuHast
akKTMBHOCTb MMII-1 crioco6CTBYeT HapyILeHHIO Kiie-
TOYHOTO JIBWPKEHUSI B CTapbIX SHZOTeMMAa/IbHBIX K/IeTKax
MUKPOCOCY/IOB, OJJHAKO, HapyllIeHUs], TTIOBbIIAOLLIHEe
aKTMBHOCTb KOJJIareHasbl, MMOBBIIAKT WX MUTPaLU-
OHHYIO CITIOCOOHOCTb Y aHTMOT€HHbBIN MOTeHIraI [2].
Kmoueoit MMII aBnstercs MMII-1, moBwIIlIeHHBIE
YPOBHU KOTOPOM TI0 JJaHHBIM MOC/IeIHET0 UCC/Ie/JOBaHNS],
CBSI3aHbI C PUCKOM Pa3BUTHS KaIbLIM(PHKALMKU apTepuil
(MMMYHOTMCTOXWUMHUSI M OHOK/IETOUHbIE TPAHCKPUIITOMBI
TOKa3a/u, YT YPOBHU 3Kcripeccurt MMII-1 Ha TkaHeBOM
Y KJIETOYHOM YPOBHSIX ObUTM 3HAUHTE/TLHO BBIIIIE B Kalb-
LIMHAPOBAHHBIX K/lallaHax, YeM B HeKa/IbLIMHUPOBAaHHbIX
pery/impyolLux KiarnaHax) [2].

B aoprax uesioBeka Ob1/T 0OHApY>KeHbI TIPU3HAKH
TIOBBIIIIEHUS aKTUBHOCTU MMII-2 ¢ Bo3pacTom [3].
Bri1o nokasano, yto MMII-2 yxyamaeT QyHKLHIO
SHZOTE/Hs, CHUKast BbIpaboTKy NO. B 11e/10M, ee MoBbI-
IIIeHHbIM YPOBEHb aCCOLIMMPOBAaH C POCTOM >KeCTKOCTH
COCY/IOB Y JIML] MOJIO[IOTO BO3pacTa, 0COOEHHO B MPH-
CyTCTBUM runepteHsuu [4]. MMII-9 npexncrasinsieT
co0oti )KeslaTHHA3y C OUeHb HU3KOH KaTaJuTHUeCKON
CrocoOHOCTBIO /IS CTPYKTYPHBIX 0eJIKOB, KOTOpast
y4acTBYeT B TIPOTEOJIMTUUECKOM aKTHUBAL[MU JPYTUX
Ba)KHBIX OMO/IOrMYeCKH aKTUBHBIX MOJIEKYJT, TAKUX KaK
TGF-f3, u 1pyrux «mpohudbpoTnueckux» 6enKkoB [5].
Bbrin0 mokazano, uto MMII-9 MoryT c/iy>kKUTh BO3pacT-
3aBUCUMBIM PeryysiTOpOM CTapeHusi cepjLa rnocpej-
CTBOM M3MeHeHHs! 0T/I0xKeHus1 KoriareHa B BKM [6]. [lo
CUX TIOp OTCYTCTBYIOT 0Ka3aTebCTBa CBSI3U YPOBHeU
MMII-S co 310pOBBIM CTapeHHEM.

Bksag MMII B cTapeHHe COCYyIOB ObLT AOTIOMHU-
TeJIbHO TOATBePK/eH HaO/TFOeHUsIMY 3a BIMSTHUEM Ha
uHruouposanrie MMII. Beino mokasaHo, uto TYIMII,
BKJTFOUaroIIve yeThbipe Monekymbl (TUMII-1,-2,-3,-4),

343



FOuwyx B.H. u 0p. Bectauk PYITH. Cepus: Mepguuuna. 2024. T. 28. Ne 3

KOTOpbIe 00paTUMO MHIMOUPYIOT TIPOTEOTUTHYE CKYIO
aKTUBHOCTb (PYHKI[MOHATBHBIX MMP. AHanoruyHble
3¢ dekTh ObUTH TPOIEMOHCTPUPOBaHbI it TUMII-2,
I7IaBHBIM 00pa3oM uepe3 MexaHu3Mbl Murparui I'MK
u anonto3a [7]. Kpome Toro, TUMII-1, obnamaet
MPOTEKTUBHBIMU CBOMCTBaMU B OTHOILIEHWH Pa3pbiBa
aHeBpHU3MbI a0PThI B CBS3U C [IpeJ0TBpallieHeM pas-
PYLLUEHUS /1aCTUHA.

Llesbi0 HACTOSIIIIETO MCCIeA0BaHMs OBI/IO OXapaK-
TepPU30BaTh BJ/IMsIHYE CTapeHUs1 Ha OCHOBHbIE OesIKU
BMK 'y yCJ/IOBHO 3j0pOBBIX MY>KUMH U >KEHLLIMH Pa3HOTO
BO3pacTa.

MaTepMan bl U M€TOA bl

B nccnenoBanue BKtoueHb! 347 YCI0BHO 34,0POBbIX
J06pOBOJIbLIEB, TPOXOJMBILINX MEPBbIi 3Tarl JUCIaHCe-
pusaiu B 'BY 3 «KoHCy/IBETaTUBHO-AMAarHO CTUYE CKUM
ueHTp rop. FOxxHo-CaxanmHCK», U3 HUX 226 >KeHILIWH
u 121 My>KumH, pa3/ie/IeHHbIX 10 BO3PacCTy, COVIACHO
Knaccudukaimy BO3. VccnenoBaHye MpoBeieHO B paM-
Kax Tembl HUP, 3ar1aHMpOBaHHOM U YTBEPKIEHHOW Ha
3acefanuy YueHoro coBeta ®I'BOY BO «TuxookeaH-
CKU TOCyZlapCTBeHHbIN MeIUIIMHCKUI YHUBEPCUTET
MunucTepcTBa 31paBooxpaHenus Poccutickont @epe-
pauyu 27.06.2022 1., nmpotokon Ne 12/21-22. Homep
rocysapctBeHHol peructpauuu 122071500006-6 ot
15.07.2022 r. VccefoBaHre IPOBOSUJIOCE B COOT-
BETCTBUH C TpeOOBaHUSMH Xe/TbCUHCKOH JieK/IapaLiu
BcemMupHOI1 MeIULIMHCKOM accoLaliuy «OTUUeCcKue
TIPUHLIUIIBI [IPOBe/leHUs] HayUYHbIX UCCJ/Ie0BaHUMN
C yuacTHeM ueJioBeKa B KauecTBe CyObeKTa» C TomnpaB-
kamu 2013 r., mpaByIaMu Hajjiexxalleid KITMHAYe CKOU
npakTuku B P® (miprika3 MuHucTepcTBa 34paBooxpa-
HeHus1 PO Ne 2001 ot 01.04.2016) u crareti 20,22,23
depnepanbHOro 3akoHa «O6 0CHOBaxX OXpaHbI 3J0POBbSI
rpaxgaH B Poccuiickoit @egepauyn» ot 21.11.2011
Ne 323-®3 (B pea. Ot 26.05.2021). TTpoTokosn rcce-
noBaHMs o100peH 3TYeckuM komutreTom OT'EOY BO
«TuX00KeaHCKUI rOCy/JapCTBeHHBINA MeIUIIMHCKUN
yHUBepcUuTeT» MUHHCTEPCTBa 34paBooxpaHenus Poc-
curickoit Penepauyu (ITpotokon Ne 4 ot 19.12.2022 1).
Bcex no6poBoiiblieB, BK/IFOUEHHBIX B UCC/IeJOBaHHe,
“HGOPMHUPOBAIHU O JU3aiiHe UCC/eOBaHUs U 00
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JTanax ero NpoBeJieHus], YTO OTPakeHO B MPOTOKOJIe
106poBO/ILHOTO MHPOPMUPOBAHHOTO coryiacus. OT
Ka)kK7Ioro yesioBeKa ObIIO Moy4eHo J0OpOBOIbLHOE
MH(OPMHUPOBaHHOE CoT/IacKe Ha 00c/ieioBaHue, JaHHbIe
aHaMHe3a U pe3y/abTaThl 00c/iejoBaHNs BHOCUIUCH
B pa3pabOTaHHYIO WHAWBUAYAIbHYO KapTy.
OnpepeneHne cofiep>KaHusl MeTa/UIONpOTerHas 1,
2, 9 tunoB (MMII-1, MMII-2, MMII-9) 1 X TKaHeBbIX
uHru6mTopoB 1 u 2 tunos (TUMII-1 u TUMII-2),
B ChIBOPOTKE KPOBM MPOBOAUIM U3 JIOKTEBOW BEHbI
yTPOM HaroljaK, MeToioM TBepoda3Horo MDA c mo-
MOIIbI0 crieludUuecKrux peakTUBOB (pupmbl «R&D
Diagnostics Inc.» (CILIA) meTomoM C3HIBUY-BapHaHTa
TBepZ0(a3HOro IMMYHO(EpPMEHTHOTO aHa/Ih3a, Corviac-
HO IMpuy/araeMbIX UHCTPYKLMU. PacueTs! kosMyecTBa
MeTa/IJIONPOTeNHa3 U UX UHTMOUTOPOB MIPOBOAMIIN
Ty TeM TIOCTPOEHHsI KalTMOPOBOUHOM KPHBOM C MOMOIL[BIO
KOMITbIOTEPHOM MporpaMMbl. KonuecTBo BbIpaXkaau
B HI/mi1. VlccneioBaHUsi MPOBOAWIUCE B LleHTpaibHOM
Hay4YHO-UCC/Ie/IoBaTebCKoM naboparopun ®PI'BOY
BO «TuxookeaHCKHI TOCYAapCTBEHHbIN MeAULWH-
CKWI yHUBEPCUTET» MUHUCTEPCTBA 3JpaBOOXPAHEHUS
Poccuiickort ®ezeparuu (3aBeyrolyii jaboparopureit
JOKTOp OMonornyeckux Hayk, goueHt [1nexosa H.I").
[Tpu poBeJieHNH CTaTUCTHUYECKON 00paboTKU
MaTepuaoB UCCAeJ0BaHUSI PYKOBOCTBOBA/IUCh
NpUHLMNamMu MeXlyHapogHOro KOMUTeTa pe/lakTo-
POB Me/IMLIMHCKUX )KYPHA/IOB U peKoMeHAaLusmu [8].
YuuThIBasi YMCIEHHOCTb UCC/eyeMbIX TPYIII, OLleH-
Ka HOpMaJ/IbHOCTH pacripefiesieHrst KOMueCTBEHHBIX
IIPU3HAKOB MPOBOJMU/IACH C TOMOIBI KPUTEePUS
KonmoropoBa-CMUpHOBa. YuWThIBas pacnpeziesieHue
JAHHBIX OTJIMYHOE OT HOPMAaJIbHOI'O, pe3yJ/bTaThl UC-
C/ieZlOBaHUS NpeJCTaB/eHbl B BU/le Me/IMaHbl, IEPBOrO
u TpeThero kBaptuiieit Me (QI; Q3). PaHroBelii aHanu3
Bapuaumii o Kpackeny — Yonnucy (H) BeimonHsiu
JJ1s1 CpPaBHeHMsI Tpex U O6osiee He3aBUCUMBIX TPYIIIT
110 OJHOMY KOJIMUeCTBEHHOMY TPU3HaKy. 3aTeM, Mpu
Ha/IMYMK CTaTUCTHUYeCKU 3HAUMMBIX pPa3Iu4uu Npo-
BO/ZIW/IY TIOTIAPHOE CPaBHEHUE C MOMOLLbI0 KDUTEPUs
ManHa — Yuthu (U) ¢ nornpaBkoii bondepponu [9].
HomuHasbHbIe JaHHbIe OTMCHIBAIMCE C YKa3aHUeM ab-
COJIFOTHBIX 3HAYeHUW U MPOLIeHTHBIX Josiell. CpaBHeHNe
HOMMHAJ/bHBIX JAHHBIX UCC/IeJ0BaHUS TPOBOAUIOCH
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Tpy moMoIinu Kputepus x> ITupcoHa ¢ monpaBKOU
MeiiTca, MO3BOMAIOIET0 OLeHUTh 3HAYMMOCTb MeXK-
oy (hakTHUeCKUM KOJIMUeCTBOM MCXO/I0B MU Kaue-
CTBEHHBIX XapaKTePHUCTUK BLIOOPKH, TTOTAIaF0IIUX
B Ka&)KJYIO KaTeroputo, U TeOpeTUUECKUM KOJTMUeCTBOM,
KOTOpPO€ MOKHO OKH/IaTh B M3y4YaeMbIX I'PYIINax Mpu
CrpaBe/IMBOCTU Hy/eBOM rumnore3bl. Bo Bcex ciyvasix
p<0,05 cuntanu craTucTUdYecku 3HaunMbiM [8]. Cra-
THUCTHUYeCKast 00paboTKa pe3y/ibTaTOB MCC/IeI0BaHUS
OCYILeCTBJISJIACh C TIOMOLLIBIO T1akeTa nporpamm «1IBM
SPSS Statistics Version 25.0» (International Business
Machines Corporation, CIIIA).

Pe3ynbraTtbl M 06Cy)XAeHMe

[Tpwu orienke 3HaueHnii MMII-1 y ycioBHO 3710po-
BBIX MYKUMH He ObUIO BbISIB/IEHO 3HAUMMBIX pa3/THumii
B 3aBUCUMOCTH OT Bo3pacTa (Tab:m.). CaMble BBICOKHE
3HaueHusi MMII-2 3auKcupoBaHbI B TPYTITIe TIOXKHU-
JIOTO BO3pAacCTa, B TO BpeMs KakK B TPYyIIIe MOJIOLOTO
BO3pacTa Ollpe/ie/leHbl caMble HU3KHe ee I10Ka3aTe/In
(p1,3 = 0,01095). JocToBepHOM pa3HUILIbI 3HAUEHUN
MMII-2 B rpymmax CpejHero ¥ CTapueckoro Bo3pacra
He BbISIBJIEHO, TIPY 9TOM OHM ObLTH BbIllIe TIOKa3areei

MY>KUMH B Bo3pacTe 18—45 jieT 1 Hu»xke — 60-74 rier.
Anamu3 ypoeHst MMII-9 onpeneni TeHEHIUIO K CHU-
JKEHUIO ee YPOBHS COIVIACHO IOBBILIIEHUIO BO3pacTa,
OZIHAKO B TPYIIIIe MOKUJIOT0 BO3pacTa 3a)MKCUPOBAHO
pesKoe ee CHW)KeHHUe, a 3aTeM B IpyIIle CTapuecKkoro
BO3pacTa — mnoBbIleHHe B 1,3 pa3a (Tabs.). YpoBeHb
TUMII-1 B rpynmax My>K4uH MOJIOLOIO U MOKUJIOTO
BO3pacTa He OT/INYaJICsl, HO B PYIIIe CpPeJHEro Bo3pacTa
OH OBIT CAaMBbIM HHU3KUM, a B TPYTIIe CTapueCcKoro BO3-
pacTa — caMbIM BbICOKHUM. 3HaueHus1 TUMII-2 6bimi
BbILLIE B IPYIIe MY>KUMH B Bo3pacte 60—74 ner.
PacripesieneHrie NpoTeOUTUYECKOM aKTUBHOCTH
y YCJIOBHO 3/I0POBBIX JKEHII[MH B 3aBUCUMOCTH OT BO3-
pacra umesio gpyryro kaptuny: MMII-1 u MMII-2 ge
OT/IMYaJIMCh B TPYINax, pacrpe/eeHHbIX 10 BO3pacT-
HBIM KateropusiM. /JoctoBepHO G0s1ee HU3KMe 3HAUeHUsI
MMII-9 3acvKcHpoBaHbI B TPYIITie KEHI[UH CPeHero
¥ MOXKU/I0r0 Bo3pacrta (Tabs.). Yposens TUMII-1 6Obin
BbIIIIe B IPyMIe CTapueCcKoro BO3pacTa, B KaTeropuu
oT 18 710 74 neT pa3nuuunii 110 YPOBHIO M3yUaeMOro
roxasareJsis He BbisAB/eHO. Cogepxanue TUMII-2
B CBIBODOTKE KPOBH ObL/TH HIDKE B TPYTITIe YKeHIIUH
TIO’KWJIOTO BO3pacTa, NPH 3TOM MeXX[ly OCTa/bHbIMU
rpynIaMy pas3/vyuii 1o BO3pacTy He BbISB/IEHO.

YpOBHU MaTPUKCHbIX MeTan/IonpoTenHas U TKaHeBbIX UHIM6UTOPOB MaTPUKCHbIX METaINIoNPOTEUHA3 B CbIBOPOTKE BEHO3HOW KPOBU
Y YCNOBHO 3[10pPOBbIX MY)XUYUH U YXXEHLLUH pa3Horo Bo3pacTa (MeAuaHHble 3Ha4YeHUs1 U COOTBETCTBYIOLLME floBepUTe/IbHble MHTEPBarbl
[Q1, Q3]) / Levels of matrix metalloproteinases and tissue inhibitors of matrix metalloproteinases in venous blood serum in apparently
healthy men and women of different ages (median values and corresponding confidence intervals [Q1, Q3])

YCNoBHO 3[0pOBbI€ MY>XUUHbI/
Conditionally healthy men, n = 121
MNokasaTtenb, Hr/mn/ 1 2 3 4
Index, ng/ml 18-44 net/ 45-59 net/ 60-74 net/ 75 net v 6onee /
18-44 years old 45-59 years old 60-74 years old years old or more
n= 29 n=25 n= 47 n= 20
0,625 (0,568-0,693) 0,685 (O’_665_0'81 8)
0,66 (0,583-0,73) 0,645 (0,605-0,675) 13 = 04826 , 14=02565
MMMM-1/ MMP-1 e . 1,2=0,7015 LSO 2,4=0,2571
, =0,0023 ol 2,3=0,7861 ol
p i = 0,5432 pl 03468 o 3,4=0,1704
o o = 001489
126,1 (116,7-133.7) 1396 (7831-169.2) 1 27'? 4(11=0 86655338?'5)
MMM-2/ 113,9 (102,3-147,3) '1 9= 0'9118' o 2:3= 0659 P 24 M 1
MMP-2 ol = 0,0032 i on = 0,0543 pl 1’3:00é9117%95 o 3,p‘ll- = 0,4783
i on = 0,04567
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OkoHu4aHue Tabnuybi/End of the table

YCMOBHO 34,0pOBbl€ MYXU4MHbI/
Conditionally healthy men, n = 121
[NokasaTenb, Hr/mn/ 1 2 3 4
Index, ng/ml 18-44 net/ 45-59 net/ 60-74 net/ 75 net v 6onee /
18-44 years old 45-59 years old 60-74 years old years old or more
n=29 n=25 n= 47 n= 20
91,48 (59,88-125,4) 58,58 (47.5137,8) e borer
MMIM-9/ 105,3 (55,68-137,6) ! - ’ ,1,3=0,01304 Y
MMP-9 =0,0165 w12 = 0,3836 *2.3= 0,02857 u 24 = 06485
pi o = 001546 P 0 2’376 34 = 001796
i o = 0,01569
52 (25,5-150,3) 12,9 (90.1-183,9) o et
TUMIM-1/ 102,1 (45,35-188,4) > ’ 1,3= 06742 LI
- 1,2=0,01143 A 2,4=0,0173
TIMP-1 =0,0123 e 2,3=0,04615 Pa
pi o = 0,0501 e 003657 n 34 = 00574
L o =0,00032
4832 (47,32-49,60) 5451 (51,05-59,17) et z(14=3 '3142-1713'165)
TMmMnN-2/ 46,86 (45,99-54,63) ! o g o 1,3= 00411 o
TIMP-2 =0,05002 u 12 = 0,9554 2,3=0,04184 n 24 = 0,6667
i o = 0,0436 prers o 3,4=0,01875
=0,0543 pl
o o = 0,04491
YCNOBHO 3[10pOBbIE XEHLUMHDBI/
Conditionally healthy women, n = 226
MokasaTenb, THr/mMn/ 1 2 3 4
Index, ng/ml 18-44 net/ 45-59 net/ 60-74 net/ 75 net v 6onee /
18-44 years old 45-59 years old 60-74 years old years old or more
n=29 n= 25 n= 47 n= 20
0,47 (0,44-0,67)
0,51 (0,4-0,6) ’ ’ )
B g ) 0,56 (0,44-0,59) A R 1.4 = 0,6233
MMH 1/ MMP 1 0,47 (0,41 0,57) o 1'2 = 0,2874 pl ;::33 ; 8;35219 ::I 2'4 - 0'9454
Pl ’ n 34 = 04333
} 154,6 (120,6-164,2)
MMr1-2/ 1448 (1232165) 1503 (130,3-166,2) 1502 (132.1-1642) 4= 09188
MMP-2 ! ! pI‘I,Z = 0,4815 ol 2’3 _ 0’71 37 " 24=0,7737
P ! 34 = 08548
I 50,68 (47,26-84,36)
MMIM-9/ 60,13 (40,16-100,70) 51,64 (30,68-118,1) 4532(3?)%17;9326) o 1/4=07662
MMP-9 ' ’ ’ u 1,2=04773 Pl 2'3 _ O 5074 ,24=09175
ol ! p3,4 = 0,4097
. 98,75 (42,65-164,8)
TMmMnN-1/ 81,05 (45,92-144,8) 74,3 (40,9-150,1) 71’2;5 éSZ’?]SLzl?'g) o 14 = 0,06494
TIMP-1 ’ ’ ! a 1,2= 09373 Pl 2’3 _ 0'4174 n 24 =0,03704
e T o 34 = 001732
g 76,32 (66,02-87,24)
TMMM-2/ 89,34 (60,88:92,06) 82,18 (62,45-89,07) 7424 (6267 89.74) 1/4= 007284
TIMP-2 ! ! ’ al 1,2 = 0,07946 P 23 _ 0847 ol 2,4=0,1649
peee T 34 = 08721

[pumeyanne: |, 2,3, 4= ypoBeHb 3HAUNMOCTM, NMONYHEHHbIA NPV NPOBEPKE PA3NNYMIA MEXAY 3HAYEHWAMY NoKasaTens BHyTpu
rpynn B 3aBMCMMOCTM OT Bo3pacTa (KpuTepuii MaHHa — YUTHW); o1 — YPOBEHb 3HA4NMOCTW, MONYHeHHbI NPY NPOBEPKe pasnnyuit
MeXAY 3Ha4YeHUAMU NokasaTend BHyTPY rpynn B 3aBUCUMOCTH OT nona. MMI — MaTpuKkcHble MeTannonpoTenHasbl, TUMIT —

TKaHeBbIE I/IHI'I/I6I/ITOpr MaTPUKCHbIX MeTannonpoTtenHas.

Note: , 2,3, 4 —level of significance obtained by testing differences between indicator values within groups depending on age
(Mann — Whitney test); pll — level of significance obtained by testing differences between indicator values within groups depending
on gender. MMP — matrix metalloproteinases, TIMP — tissue inhibitors of matrix metalloproteinases.
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Kpome Toro, pazmiuusi 66111 3ahMKCUPOBaHbI TIPH
reHJlepHOM pacripefiesieHnu. Tak, yposenb MMII-1
y My>KuuH Bo3pacta 18—44 roza 6611 B 1,5 pa3a Bbiie
ypoBHs: MMII-1 B >keHckoi rpynne 18—44 roza (ta-
6nurga, pIl = 0,0023). B Bo3pacte 45-74 roga MMII-1
B 3aBMCUMOCTH OT I10J1a He pa3InJaanchk. B ctapueckom
BO3pacTe y YCJI0BHO 340pOBbIX MykuH MMII-1 ripeBbI-
11a/IA 3HAYEHUS JKEeHIL1H, COMTOCTaBUMBIX IT0 BO3DACTY,
(pII = 0,01489). ITo ypoBHt0o MMII-2 3athmKCHMpOBaHEI
pa3nuums TOJBKO B Bo3pacte 18—44 rona, rae ee 3Ha-
yeHUsi ObI/IM BBILIE B )KEHCKOM TpyTIe UCCIeyeMbIX
(pII = 0,0032).

3Hauenuss MMII-9 B Bo3pacte 18-44 roga y Myx-
UWH TpeBbIlaIv OJHOUMEHHbIe 3HAUeHUS YKeHIINH
B MpaKTUUeCKU B 2 pa3sa, B rpynmne 45-59 netr —
B 1,7 pas, a B rpynmne 75 et u crapime —B 1,6 pas.
HeobxoaumMo oTMeTHTS, uto ypoBeHb TUIMII-1 Bo Bcex
BO3PaCTHBIX IPYIIaX MY>KYMH [PeBbILIa OfJHOUMEHHbIE
3HaUeHMs Y JKeHILMH, HO B TpyIIIe CpefiHero Bo3pac-
Ta TUMII-1 ObI7 BbIIIe UMEHHO B YKeHCKOU T'PYTITIe.
A 3Hauenust TUMII-2 B 11e/10M B TPYTIIie MY>KUMH ObUTH
JIOCTOBEPHO HIKE 3HAUEHUM JKeHCKOM TPYTIIIbL.

Ecnu paccMmoTpeTs Ucc/ie0BaHUs U3MeHeHU!
aKTUBHOCTH MeTa/lJIONPOTENHA3 TIPU CTapeHWH, MOX-
HO KOHCTaTHpOBaTh HEOLHO3HAYHOCTh pe3y/IbTaTOB
BJIMSTHUS BO3pPacTa U I10J1a, TT0JyYeHHBIX pa3HbIMHA
aBTOpamu, Ha crucremy MMII.

Taxk, npogykuuss MMII-1 3HaUMTENBHO YBETUYH-
BaeTCs Y JKeHIIWH MoXKuUaoro Bo3pacra (60—74 ropa):
3HaueHus1 MMII-1 y xxeniqus B Bo3pacte ot 30 1o
59 71eT cy11eCTBEHHO He MeHSINCh, OHAKO B BO3pacTe
60—74 neT eé ypoBeHb 0b171 B 3 pa3a Bhiiie (p < 0,01)
[10]. ¥YpoBHu MMII-2, MMII-8 u MMII-9 He u3me-
HSUTMCh B 3aBUCUMOCTH OT BO3pacTa Mo pe3y/abTraram
nccnenoBanuiit Kapm C.B. ¢ coasr. (2019), ogHako co-
rnacHo uccnegoBanuto D. Dirk Bonnema c coagr. (2007)
3HaueHrs1 MMII-2 yBenrurBanuce (c 1188 +/— 99 Hr/mn
1o 1507 +/— 76 ur/mn) (p <0,05), a ypoBeHb MMII-9,
HamnpoTHUB, yMeHbluascs (c 29 +/— 7 Hr/ma fo
8 +/— 2 ar/mn) (p < 0,05) [11].

Pesynbrarel uameHenui sHaueHun TUMII-1
u TUMII-2 ¢ Bo3pacTom 3HaunUTe/IbHO pasHATcs. Co-
[JIACHO OJIHUM UCC/IefoBaHusAM Ioka3zareau TUMII-1
3HaUMTeJIbHO YMeHbLIATCA: B rpynmne 30-44 — camble
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BBICOKME pe3y/ibTaThl (B 2 pa3a Bblillie Ipymbl 45-59 et
1 B 4 pa3a Beiiie rpynmnbl 60—74 roga); TUMII-2 Tak-
’Ke yMeHbLLIAKTCs ¢ Bo3pacTtoM (B rpyrre 30—44 net
B 2 pa3sa BblllIe, ueM B rpymre 44—59 sietT, 0fHaKoO 3Ha-
yeHUs Tpynnbl 60—74 roga BaprabenbHbI, U YeTKUE
pa3/nuusi ecThb TOJIBKO C Tpymmoi 30—44 roga) [10].
Torga kak D. Dirk Bonnema ¢ coaBrt.(2007), HarpoTus,
noka3zany, yto TUMII-1 u TUMII-2 yBennuuBarOTCA
€ Bo3pacToM: C 728 +/— 46 ur/mn go 1093 +/— 73 Hr/mi.
y TUMII-1 u c 34 +/— 5 vr/mn fo 53 +/— 6 Hr/mMn
y TUMII-2 (p < 0,05) [11].

IMogpo6Hoe nccienoBanre coctosiHuss MMII-2 B 3a-
BHUCUMOCTH OT Bo3pacTa Ob11o mpoBezieHo P. Cancemi
c coanT. (2020) y npoxuBaroiux Ha Curunuu [12].
B xozie paboTbI Ob1T TPOBE/IeH CTAaTUCTHUECKUI aHa/N3
roKa3aresiell ypOBHSI MeTasJIOTIPOTeNHa3 y JItofield, pas-
JleJieHHbIX Ha rpymrsl (MeHee 40, 40—64, 65-89, 90-94,
95 u Gosee nieT: 1-5 rpymmbl COOTBETCTBEHHO). bb110o
BBISIB/IEHO, UTO aKTUBHOCTb MMII-2 B CEIBOPOTKE KPOBU
MOJKeT ITOJIOKUTENBHO B/IMATH Ha NPOJJIEHHE JKU3HH.
bbu10 0OHapy»keHo, uTo ypoBeHb MMII-2 yBenuu-
BaeTCs y JOJIFO’KUBYILMX MaLIUEHTOB 110 CPaBHEHUIO
c 6osiee MOIOBIMH, TIPH 3TOM, TIPU pacripefie/ieHnH
KOTOPT B 3aBUCMMOCTH OT 110J1a — SIBHOE YBe/TMUeHHe
akTuBHOCTH MMII-2 € BO3pacToM Hab/moaanoch y Mys-
UVH, HO He y XeHIIVH. [IprurHbI aHHOTO pa3nuuus
He BbISIB/IEHb], HO BbIIBUHYTHI FUIOTE3bI, 110 KOTOPbIM
Takasi 3aBUCUMOCTD BbI3BaHa 00 M3MeHeHreM ropMo-
HaJILHOTO CTaTyCa >KeHIIWH [pY CTapeHuH, b0 TeMm,
YTO y MY>KUMH, OTIpeJieJIeHHbIX B IPYIIITy UCC/IeOBaHNs,
ObLIM JTyuIlIve 1oKa3aTey 370POBbSI.

B uenowm, npu a"Hanuze cucrembl MMIT/TUMII
B HaCTOSILL|eM MCC/Iel0BaHUU HAMU OIlpe/ie/ieHbl U3MeHe-
HUS CUCTeMbI IIPOTE0JIN3/aHTUIPOTEO0/IN3 KaK B TPYyIIIe
MY’KUMH, TaK U KeHIIMH. Y MY)>XUMH UIMEeHHO B BO3pacTe
60—74 ropa 3abvKCcHpoBaHa AUCKOODAWHUPOBAHHAS
paboTa MaTpPUKCHBIX MeTa/IJIONPOTeNHa3 U UX UHTU-
OUTOPOB B CTOPOHY yCUJIEHUS IPOGHUOPO3UPYIOIIETO
s¢¢exra. Torza Kak B rpyIirie KeHIMH B 3TOM BO3pacT-
HOM KaTeropuu BbISIBJIEH MIPSIMO MPOTUBOMOJIOKHBIN
KOMITOHEeHT — aHTH(HOPO3UpYIOLIHiA, ¢ peobafaHeM
paboThl MaTPUKCHBIX MeTasuionpoenHas. Vicxoas u3
3TOr0, UMEeHHO T'pYIIIa MO)KWJI0r0 BO3pacTa sIB/IseTCs]
IPYMION PUCKa pa3BUTHSL COCYAUCTBIX U3MEHEHUMN
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Y pacCMaTpuBaeTCsi HAMM KakK HauaJjbHas CTajus
CepAeuyHO-COCYAUCTBIX TIAaTOJIOTHH, UTO TIpeAoIripee-
nsieTc ettje B 6osiee MOIOZIOM BO3pacTe.

Kak 13BeCTHO, BHEK/IETOUHBIN MaTPUKC 00ecrieun-
BaeT CTPYKTYPHYIO OCHOBY, He0OXOAUMYIO [i71sl GyHK-
LMOHA/IbHBIX CBOMCTB CTEHOK COCYZ0B. BHEKeTOUHbIN
MaTpHKC — 3TO MHAMU4eCcKasi CTPyKTypa, COCTOsILLast
13 Habopa 6enKoB, KOTOPBIE BLITIONHSIIOT Pa3/TMUHbIE
(yHKLUMM B rpoliecce pa3BUTHS M TOMeOCTas3a TKa-
Hel Oy1arofjapsi CBOMM YHHUKa/IbHBIM OMOXUMUYe CKUM
¥ OrioMexaHHueCKUM CBOWCTBaM. MHOTOUYKC/IeHHbIe
(bu3rooruueckye v MaToioruueckre COCTOSTHYSI BOBJIe-
yeHbl B Mogudukaimio BKM, nsmeHsisi «<HOpMasibHbIH»
aHcambsb 6eTKOB, KOTOpPbIe COOTBETCTBYIOT 3TOMY
MaTpHUKCY, TaKKe N3BeCTHOMY Kak «marprcoma» [13].
B ¢usmonornueckoM KOHTEKCTe siIPO MaTPUCOMBI
B OCHOBHOM COCTOUT M3 BOJIOKHUCTBIX OesiKoB (KOJI-
JIareHOBBIX U 3/IaCTUHOBBIX BOIOKOH), I/TUKOTIPOTEMHOB
(¢pubOPOHEKTHHOB ¥ IAMUHHMHOB) M TPOTEOI/IHKAHOB.
Kontarens! 06pa3yroT 0O[HO U3 OCHOBHBIX CEMelCTB
6enkoB BKM, TemM caMbIM Urpast KpUTHUECKYIO POJIb
B MOJeP>KaHUU CTPYKTYPhI OOMBIIMHCTBA TKaHEM!.
B otnuume oT KosareHa, 3pesiblid 31aCTUH — Hepac-
TBOPHMBIN 0eJI0K, KOTOPBIM 00ecIieunBaeT yIIpyroCTh
Y 5/1aCTUYHOCTb TKaHel, TaKuX KakK apTepuy, JierKuye,
CBSI3KM U KOKa, — 00/1afiaeT TIPeBOCXOJHOU MeTa-
6osryeckoii cTabUIBLHOCTBIO C TeUeHHEeM BPeMeHH,
B oT/inure oT Apyrux 6emkoB [13]. OpHako 31acTHH
TaK)Ke MOZiBEpPraeTcsi pa3/IMuHbIM U3MeHEeHUsIM BO BpeMs]
CTapeHus1, ¥ 371aCT03 — HaKOT/IeHWe YaCTUYHO pa3py-
LLIEHHBIX 3/IaCTUHOBLIX BOJIOKOH B BKM — siBnisgeTcs
OT/IMUUTETLHBIM MPU3HAKOM CTapeHusi CoCyzioB [14].
Takum o6pa3om, HU3KMi 060pot 6estkoB BKM mnpuBo-
[IUT K HAKOTIJIEHHUIO TTOBPEJK/IeHUI BO BpeMsi CTapeHusl,
SIB/ISISICh K/THOUEBBIM (PAKTOPOM 3aItycka U porpeccupo-
BaHMSI TIAaTOJIOTMYEeCKOTO CTAPeHHs], TEM CaMbIM BJIHSISI
Ha brosioruueckre (GyHKLIMK B CTaperoIInX TKaHsxX [14].
TpexmepHasi opraHu3aLys MOJIEKY/l BHEK/IETOUHOTO
MaTpUKCca — 3/1aCTHHA, KOJIJIareHOB, IPOTe0I/IMKaHOB
Y CTPYKTYPHBIX IJIMKOTIPOTEUHOB, CHHTE3UPYeMbIX BO
BpeMsi BHYTPUYTPOOHOTO pa3BUTHS, — ONTUMa/IbHA
U151 BBITIOJTHEHUST 3TUX (PYyHKLMI. B HemoBpeXxjeHHbIX
apTepusiX U BeHaxX KOHCTUTYTUBHO 3KCIIPeCCUPYIOTCS
HEKOTOpbIe TIpoTeasbl, HO 61aroapst KOHTPOJTIO UX
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aKTUBAI[UU W/WM UHT'MOWPOBAHUIO MHTHOUTOpaMU
9T MPOTeasbl 00/1a/1al0T 0YeHb HU3KOW aKTUBHOCTBIO,
a 000pauMBaeMOCTh 37TACTUYHBIX U KOJIJTAaT€HOBBIX
BOJIOKOH HM3Ka [15]. Bo BpeMst cTapeHusi 1 1py BO3-
HUKHOBEHUU COCYUCTBIX MaTONIOTUN OalaHC MeXIY
MpoTea3aMy U UX UHIMOMTOpaMH BpeMeHHO Hapyllia-
eTcsl U3-3a UHAYKLMW 9KCIIPeCCUU TEHOB MaTPUKC-
HBIX MeTaJIJIONpPOTerHa3, aKTUBaLMK 3UMOTeHOB U/IH
cekpeluy (hepMEHTOB BOCIAUTe/IbHBIMU K/IeTKaMHU.
['mapKoMbIIIeUHbIe K/IeTKH, Hanbojiee MHOTOUHC/IEH-
HbIe KJIETKH B CTEHKaX COCY/[0B, 00/1a/1at0T BLICOKOU
CrI0COOHOCTBIO pearupoBaTh Ha MOBpeXKeHre O1aro-
Jiapsi CBOel CroCOOHOCTH CUHTE3UPOBATh MOJIEKYJIbI
BHEK/IETOUHOTO MaTpPUKCa U MIHTMOUTOPBI rpoTteas [16].
OpHako TpexMepHasi OpraHv3aLysi BHOBb CUHTe3UPO-
BaHHOTO BHEK/IETOUHOTO MaTPUKCa HUKOT/la He ObIBaeT
(yHKLIMOHAIbHO OMTUMa/TbHOM. T1pr HEKOTOPBIX APYTUX
MaTONIOTUSIX — aHeBpH3Me — MOBPeX/IeHHe CHIDKAeT
CTIIOCOOHOCTD TV1a/IKOMBIIIIEUHBIX KJIETOK PearupoBarh,
Y KOJTMUECTBO BHEK/IETOUHOTO MAaTPUKCA YMEHBIIIaeTCsl.

N3BecTHO, UTO TTOIHOCTBIO 3[,0POBLIX JHO/leN He
ObIBaeT, B yesl0BeueCKOM OpraHu3Me TpOoLieCChl CTa-
peHusi Bcergia OyyT COMPOBOXKIATHCS OTKIIOHEHUSIMU
OT HOPMBI B paboTe Kakux-mbo cucreM. Tak, HaMu
ObLTH Mpe/CTaB/IeHbI J0Ka3aTe/IbCTBA HA/TMUMS TaKUX
OTKJIOHEHUI Y YC/IOBHO 3/I0POBBIX JIFOJ €1, pe3y/IbTaThbl
KOTOPBIX CXOXKH C TIOKa3aTesd apTepyaJbHON rurep-
TeH3UHU.

MHorue ucciefjoBaHUs CBSI3bIBAIOT BO3PAaCTHOE
YIIJIOTHEHUE KPYITHBIX 3/ITaCTUYHBIX apTepuil C TOBbI-
1eHHbIM YpoBHeM MMII-2. B naHHBIX UCCIefOBaHUAX
OBL/IO JOKA3aHO, UTO IOBLIIIIEHe aKTUBHOCTH MMII-2
TIPUBOAUT K PeMO/Ie/TMPOBAHUIO COCY/IOB U apTepyaJib-
HOM purugHOCTH. UTOOBI CITOCOOCTBOBATH XPOHUUE-
CKOMY peMO/Ie/TMPOBaHUI0 COCYIOB TIPU TUIIEPTOHUU,
MMP-2 moxeT paspyluaTs KosulareH tumna IV, komrio-
HeHT 6a3a/lbHOM MeMOpaHbI ITIaZIKOMBIILIEYHBIX K/TETOK,
KOTOPBIN 00/IeryaeT MUTPAIIHIO U TTPOJTHdepariuio Kie-
TOK, UTO TIPUBOAUT K COXPaHEHUIO MOBLIIIEHHOTo A/,
Co371aBasi TeEM CaMbIM MOPOYHBII KPYT.

Ha JaHHBIM MOMEHT CyIIleCTBYeT oOIIMpHasi 6a3a
HCCIe0BaHUM, KOTOPble OCBEIal0T BaKHYH0 PO/b
akTuBHOCTH MMII He TO/MBKO B (DU3MOIOTUUECKUX
TpoLieccax, TAKMX Kak aHTHoreHe3, SMOPHUOHA/IbHOe
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pasBUTHe, pereHeparnys TKaHel, HO TakxXe IpeJo-
CTaBJISIFOT AaHHBIE 00 U3MeHeHUU UX aKTUBHOCTH TIPU
CTapeHWY OpraHoB U TKaHel, a TakyKe TUIepTOHUYeCKON
6one3nu. Misyuenue aktuBHOCTH MMII, ux BIusiHUE
Ha I1pPOLIeCChl CTapeH!s B OpraHax U TKaHsX SIB/ISeTCs
MepCreKTUBHBIM HarlpaB/ieHUeM, MOCKOIbKY BO3MOXKHO
VICTI0/Ib30BaHKe 3TUX JIaHHBIX B [IDEBEHTUBHOW Me/In-
LIuHe. YBenuueHue aktusHoctd MMII B opranusme
YeJiOBeKa Ha JJaHHbIM MOMEHT MOJKeT UCTI0/Ib30BaThCsl
B TIPOM/IAKTUYECKOM MeTUTMHE KaK JUarHO CTHUe CKU
Mapkep /1 MpeAyIpeXXjeHusl Pa3BUTHS Pa3/IMUHOIO
poJia CepAeyHO-COCYAUCTBIX KaracTpod, B TOM YHUC/Ie
TMITIEPTOHUU U TUITePTOHNYeCKOro Kpr3a.

OpHako, CTOUT YIIOMSIHYTh, UTO C POCTOM KOJTU-
yecTBa MyO/MKaLKi 110 JaHHBIM TeMaM, HaulHaIoT
MOSIBJIATBCS UCC/IEN0BaHUSA, COIJIACHO KOTOPBIM YBe-
nueHre akTUBHOCTH MMIT MoryT, Ha060pOT, BIUSATH
Ha yBeJMueHre MPOJ0/DKUTE/IbHOCTH XKU3HU JTH0eH,
a Takxe HekoTopble U3 MMII MoryT Ha3bIBaThCs aHTHA-
TepOCK/IepoTHUecKUMH (pakTopamu. Tem He MeHee, 17151
TOTO, UTOOBI TIOJTYUUTh Pa3BePHYThINA OTBET Ha MPUUMH-
HOCTb TIOJTyYeHHbIX JJAHHBIX, HY>KHO TIPOBECTH O0sibILIe
VICC/Ie,OBaHUM [I/1s1 yCTaHOB/IEHUs] 3aKOHOMEePHOCTe!N
WX BO3HUKHOBEHUS: CTOUT BBISICHUTD, SIBJSIFOTCS /TN
OHU TOTYKOM K M3yudeHuto aktuBHOCcTM MMII ¢ fpyroit
TO3WLMHY Y TIePeCMOTPY MPOLIbIX JaHHBIX, WA OHU
BCe ke 00yC/IOB/IeHbI TeHeTHYe CKUMH 0COOeHHOCTSIMU
TPyNIibl JIOAE, yUaCTBYIOLIUX B UCC/IeZ0BaHUM.

CrapeHue niopasymeBaet 1oz, co6oii riarhopmy
(hr3roI0rMUeCKUX U3MEeHeHUM, Ha KOTOPOU Tlapasi/ie/ib-
HO MOTYT pa3MellaTtbCs BO3pacT-aCCOLMMPOBaHHbIe
nospexgeHus. OJHaKo BIVsIHUE CTapeH!s Ha KOM-
TIOHEeHTBI BHEKJ/IETOYHOI'O MaTpUKCa cepZLa y JIUL,
He CTpaJarIInX CepAeuHO-COCYAUCTbIMU 3abore-
BaHUSAMU, U3YUeHO He /10 KOHLAa. Mbl CTpeMU/INCh
OXapaKTepU30BaTh BIUSIHUE CTAPEHUS] HA CUCTEMY
NIPOTe0/I3/aHTUIPOTEOIN3 MY>KUHH U skeHIIWH. [1pen-
TIPUHMMAJIUCh MOTIBITKY OLI€HKH B/USIHWSL CTapeHus Ha
ocHoOBHbIe 6esiku BKM cepieuHOM MBIIILBI Y MY»KUHH
u >xeHivH. Tak, E. Dworatzek et al. (2016) npogemoHn-
CTPUPOBA/IY 3aBUCHMYIO OT BO3pacTa U 1101 peryssiyio
kostareHa I v III TunoB (B3aumogeticteue p < 0,05),
VI tuna (B3aumogericteue p = 0,01), TKaHEeBOTO UH-
rubUTOpa MeTalJIONPOTerHasbl 3 (B3aUMOAeNCTBHe
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p < 0,05) [17]. ABTOpBI OMHCa/U, UTO YPOBHU ITHUX
OeJIKOB y MOIOJBIX JIFOfeld ObLA HIDKe Y XKeHIL[|H, YeM
Y MY>KUlH, B TO BpeMsI KaK Yy TIOXKHJIbIX JIF0fIel OHU ObLTH
BBILIE y JKEHILIVH, YeM Y My>KUMH. JTO ONOCPeZ0BaHHOE
BO3pacToM pemogenuposanne BMK muokapza moxet
UrpaTh K/IFOUEBYHO POJib B OTPAHUUYEHHOM CroCcoOHO-
CTH CTaperoLero cepAua aleKBaTHO a/lalTUPOBaThCs
K U3MeHeHHO! pabouelt Harpy3ke M pearupoBaTh Ha
NOBpeXk/ieHne TKaHel. HapylieHue perynsuuu cuHTe3a
U lerpajaryu KoJiilareHa CrioCoOCTBYeT OT/IOKEHHIO
VIHTepCTULIMAIbHOIO Y [IepUBaCKYJISIPHOIO KOJIIareHa,
YTO JJOKa3bIBaeT y4yacTue B rpoLecce pa3BuTus. [10BbI-
IIeHHas akTHBHOCTH MMIT crioco6CTByeT BOCIa/IeH|IO
3H/10Te/HS (arorTo3/HeKpo3, TPOMO03 ¥ ANCHYHKITHS).
MMII-1 ycunvBaeT CcTapeHue 3HA0Teus MoCpeCTBOM
aktuBaumy p53. MMII-2 pacijenisseT MeXK/IeTOUHbIE
COe/IMHEHMUs U KJIETOUHbIM MaTpUKC, BKItovast VE-kaz-
TepyH U [3- ¥ y-KaTeH!H, KOTOPbIe MHULIMMPYIOT arorTo3
v Hekpo3 BMK, onocpeoBaHHbIN aKTUBUPOBAHHOU
Kacrmasoii 3, criocoOCTBysI MOBBIIIEHHIO TIPOHUL[AEMO-
ctu [18]. AkTuBUpOBaHHas ioKasibHasi MMII-2 Takxke
CITOCOOCTBYET arperaryy TpoMOOIMTOB ¥ 00pa30BaHUIO
TPOMOOB, B TO BpeMsl Kak rotepst MMII-2 B TpomMbo1u-
Tax yMeHbIlaeT CBSI3aHHbIN C TIOBPEKJEHHUEM apTepui
TpOMO03, UTO MO3BOJISIET MPEATONI0KUTE, YT0 MMIT-2
SIBJISIETCS 3BeHOM TaToreHe3a TpoMbooOpa3zoBanst. Kpo-
Me Toro, Bo3zeiictBue MMII-2 Ha KIeTKU 3HAOTe/ s
CHIKaeT BbIpabOTKY OKCH/a a30Ta U3-3a Jerpajaruu
Gesika TeruIoBOro I10Ka v KoakTopa 3HZA0TeTHaTIbHON
a30TCUHTAa3bl, U HapyllaeT NPOoLecC Ba3oAn/IaTaluy.
AccouuupoBanHasi ¢ MMII unBa3us u nponudepa-
s HegudpepeHIUMPOBaHHBIX KOMIOHeHTOB BMK
SIBJISIeTCS. MOJIEKY/IIPHOM OCHOBOM NaTo/I0rMueCcKoro
cTapeHusi. AKTUBUPOBaHHAast BHYTPUK/IeTouHO MMII-2
paciieruisieT KaibloHUH-1, Mapkep auddepeHIpOBKY,
riepeBo/isi (PeHOTHUTI ITUX K/IeTOK B fe-auddepeHiu-
poBaHHOe cocTosiHue [17]. AKTUBHpPOBaHHBIE BHE-
k1etouHo MMII pacieruisitoT KosuiareH v 6a3anbHble
MeMOpaHbI, BBIBO/s SHJOTeHalbHble KIeTKH U3
COCTOSIHMSI TIOKOSI B COCTOsIHUE pa3peliarolei rnpo-
mudepanyu. AktuBanys MMII-1/-2/-9 crioco6cTByeT
9KCITPeCCHY PacTBOPUMOTO (hakTopa pocTa TpomMOoLu-
TOB — MOLLIHOT'O MUTOTeHa [IJIs1 SHJ,0Te/IhabHbIX Kile-
TOK. IIprmeuaresisHo, uto MMII-8 Hemocpe cTBEHHO
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criocobcTByeT mponudepanuu sHA0Te . MMIT-2
paciierisietT 6a3a/sbHYI0 MeMOpaHy, a 37TaCTUHOBbIE
BOJIOKHA 3(QeKTUBHO yCBaUBalOT akTUBHbIe MMII-2/-9,
YTO MPUBOIUT BHICBOOOXKIeHHIO (hrOpuiMHa-1 uepe3
TGF-1-3aBUCHMBIM MYThb, YCUIWBAasH TIOBBILLIEHHYO
BbIpabOTKY 3H/0Te/IeM cocyoB KosnareHa I, IT u 111,
U pubpoHekTHH. [ToBbIlIeHHast MHOUIBTPALS MOHO-
LIMTOB/MaKpo(aroB U TyUHBIX K/IETOK B aJIBEHTULIMIO,
COTPOBOXK/jarolI[asicsl akThBarelr MMII-2/-9, crioco6-
CTBYyeT pa3pyIllieHUI0 apTepuaabHOU cTeHKU. MMII-2
criocobHa pa3pyiuaTh psifi 6enkoB MUOGMHIaMeHTOB,
CBSI3aHHBIX C COKPATUTE/TBHOU CITIOCOOHOCTBIO, UTO BbI-
3bIBaeT CHIKeHHe YyBCTBUTEIbHOCTH MUO(H/IaMEeHTOB
K Ca*" c moc/ieyroniei COKpaTuTebHOM AUChYHKIIVEH,
Kak 3To Hab/rojaeTcs B CLieHapuy UIlleMUY—periepdy-
3un [18]. MMII-2, B 4aCTHOCTH, HAXOAUTCA B U300M/TUU
Y aKTUBHO yZlep>KuBaeTcs B LjuToriasme [19], yuactByer
B MOBPEXIEHWU U BOCCTAHOBJIEHWY MUOKap/ja, TAKXKe
MO>XeT HeroCpe/ICTBEHHO HapyllaTh (YHKLUIO JKeJly-
JIOYKOB TPH OTCYTCTBUHU MOBPEXIEHNS U yUaCTBYeT
B HexapaKTepHbIX (pr3ro0ruueckux QyHKLUIX More-
PEYHOMO0JI0CaTOM MBILLL[bI, BO3MOXKHO, B MO//IepyKaHu!
TpoTeocTas3a capkomepos [19].

3HaUMMOCTB [IPOTE0/IM3a 1aCTHHA, OII0CPelyeMOro
3/1acTas’amMy, IpYU CTapeHUH COCYZI0B XOPOILIO U3BeCTHa.
Jnacrasbl, KOTOpble BKJIFOUAOT HeCKOJIBKO TNPe/CTaBU-
Tesleld CepUH-, LIUCTeNH- U MeTa/lJIoNIpOTenHas, TakKUuxX
KakK 37acTa3a HedTpoduios, karerncuubl G, L, S u K
nni MMII-2, -7 u -9, pacuiensitoT HepaCcTBOPUMBIN
Y paCTBOPUMBIN 3/1aCTHUH U MPUBOJSAT K U3MEHEHUIO
TOJILLIMHBI, 37ITaCTUYHOCTU U JKECTKOCTH CTEHKU COCY-
Z0B KpoBooOpaitienus ¢ Bo3pactom [20]. Bosee Toro,
Jlerpajialivisi 37laCTHHA TaKKe TPUBOJUT K 00pa30BaHHIO
MPOU3BOJHBIX NENTUZOB 3/1aCTHHA, TAK’Ke N3BECTHBIX
KaK 3/1aCTOKVHBI, KOTOPble YYaCTBYIOT B peryJsLiun
psija GpusronoruyeCcKux MpoLeccoB, TAKUX KakK MHU-
rpanys K/eToK, BeIpaboTKa mporeas u arorro3 [13].
B COBOKYMHOCTH 3TV U3MeHeHHUsI MOTYT CII0COOCTBOBATh
PasBUTHIO U NMPOrPeCCUPOBAHUIO Pa3/IMYHbBIX [1aTo-
TeHHBIX COCTOSTHHUM, KOTOpPBIE elrje O0JIbIlle HApYIIAloT
(YHKLMIO COCYZIUCTOM CeTH.

YpoBuu TUMII-1 u, cefoBaTeibHO, THTMOMPOBa-
HUe akTUBHOCTH MMII MoryT no-pa3sHoMmy B/IUATH Ha
POCT aTepoCK/IepPOTHYeCKUX OJisillieK B 3aBUCIMOCTH OT
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COCY[MCTOrO pyCJia ¥ CTajuy aTepOoCK/epo3a, puyemM
B/IMSTHYE Ha COCTaB O/ISAIIIKM O0s1ee 3Ha4MO, UeM pa3Mep
OJISILLIKY TIPY MIPOTrpeCcCUpyroIyX O/siikax [17]. MoxHo
MpeATonox)uTh, uto TUMII-1 3amminaeT oT pa3BUTHA
KOPOHApHOTO aTepoCK/iepo3a, OfIHOBPEMEHHO YCYTYO/IssT
¢ubpo3 cepyLia 1 BAMss Ha MPOLIECC peMO/Ie/TMPOBAHMSI.
G. Kremastiotis et al. (2021) He yCcTaHOBW/IN CBSI3U
Mexxy cBepxakcripeccueidr TUMII-2 1 mI0THOCTBIO
cep/ieuHoro KosiareHa [17]. imu paHee Ob110 TIOKa3a-
HO, uto notepst TUMII-2 yckopsieT HebaronpusiTHoe
pemozieTMpoBaHUe Toc/ie MH(apKTa MUOKap/a, O uemM
CBUJIETENIbCTBYET CHWDKeHHe COZlep KaHus KoJulareHa
HapsiZly C yBeJIMueHHeM pa3mepa MH(MapKTa, 4to 06b-
SICHSIETCS YCUJIEHWEeM BOCIIa/ieHUs U CBSI3aHHOW C HUM
3Kcrpeccuent v akTuBHOCTEi0 MMIT. TUMII-2, Takke,
Kak 1 MMII-2, MMII-9 skcripeccupyeTtcs B TOCTMUTO-
THUECKUX HeHPOHAX U CIIOCOOCTBYET POCTy HEMPUTOB
Y 1 depeHLIMPOBKe K/IETOK B pe3y/bTaTe 0CTaHOBKU
K/IETOYHOTO IMKJ/Ia 32 CUET YBeJIMUeHHsI BbIpabOTKa
MHrHOUTOpA LUK/IMH3aBUCUMOW KHa3bl p21CIP u cHuU-
JKeHHe 3Kcrnpeccuu UUKIMHOB B u D. UccnenoBanus
MOKa3bIBaoT, uTo oTCcyTCcTBUe TUMII-1 npuBogut
K 3HAUMTE/IbHOMY yXyAlleHHt0 (OPMUPOBaHUS acCco-
1IMaTUBHBIX CBsi3el u 3arioMuHadus [21]. 3ToT 3ddexT,
BEPOSITHO, OTIOCPeZIOBaH BIMSIHUEM Ha pa3BUTHE Hel-
POHOB, a He TIipsiMbIM jlelicTBreM TVUMII-1 Ha amMsITh.

BbiBOAbI

B HacTosiitiee BpeMsi UMeeTCs MHO>KECTBO CBH/Ie-
Te/IbCTB, TOATBEPXK/JAt0IINX eI O TOM, UTO CTapero-
ITTe TKaHHU CTI0COOHBI MPUBOANTD K (PU3HOIOTHUeCKOMY
Y QYHKLIMOHA/IbHOMY UCTOILIEHHIO 3[J0POBbIX TKaHeH,
YTO MOTJIO ObI OOBSICHUTH KOOPAMHALIAIO MEXKIY pa3-
JIMYHBIMU OpraHaMU M CUCTeMaMU BO BpeMsi CTapeHMUs.
Pa3paboTka Mozeneii mapabuo3a ImogTBepAn/Ia, 4To Ha
CTapeHUe MOTYT B/USATh CUCTeMHbIe (PAaKTOphl. DTH Ce-
KpeTHpyeMble (haKTOpPbl, KOTOPbIe MOTYT MOAY/IUPOBATh
TIPOLIECC CTapeHUsl TTapaKPUHHBIM U QY TOKPUHHBIM 00-
pa3oM. XOTs Ha CeTO/IHAIITHIM [ieHb WAeHTU(HUITMPOBAHO
JIUILLIb HEeCKOJTbKO M3 3TUX (DaKTOPOB U IyTel, MHOTHe
WCC/Ie/IOBaHUs YKa3bIBAIOT HA CTAperole KIeTKH Kak
Ha OJJUH U3 OCHOBHBIX UCTOYHHKOB, OTBETCTBEHHBIX 3a
(yHKLMOHA/IbHOE HapyILleHue TKaHeH, 1, CJiefjoBaTeb-
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HO, OTIpe/IeJISTFOTCS KaK ABMIKYIIIasi Ch/la CTapeHus U BO3-
pacTHBIX 3aboeBaHuil. CrcTeMa MeTasyIONpPOTerHa3
B 3aBHCHMMOCTH OT BO3pacTa OJJHO3HAYHO U3MeHsIeTCsl.
OpHaKo 10 JJaHHBIM pe3y/IbTaTOB Pa3/InUHbIX UCCIIe0-
BaHM, HeJTb3sl C TOUHOCTBIO CKa3aTh, B KAKOM 00beMe
U B KaKyH0 CTOPOHY MeHsIeTCsl CUCTeMa U3y4aeMoro
obbekTa. Hanuue NpoTUBOPEUUBBIX ¥ HEMHOTOUHC/IEH-
HBIX /IaHHBIX He BbI3bIBAe€T COMHEHU B aKTya/IbHOCTH
JambHeNIINX UCC/eJoBaHU CUCTeMbl MeTaJlJIONpPOo-
TeMHa3 y rPYIIT pa3/IMuHOTO Bo3pacTa. B HacTosiem
WCC/IeIOBaHUN ObUIO MPOAEMOHCTPUPOBAHO BIIUSIHUAE
BO3pacTa y reH/IepHOM MPUHA/ITIEXKHOCTU Ha CUCTEMY
MaTPUKCHBIX MeTa/lJIONPOTeNHa3 U UX TKaHeBbIX WH-
rMOUTOPOB, KPOMeE TOTO, BbIjleieHa 0co0ast BO3pacTHast
TpyIINia — IpyTITa MOXU/I0ro Bo3pacTa, KoTopasi TpedyeT
NMpodUIaKTUKKU COCY/IMCTOM MaTo/IOTUM B BUJTy Hapy-
IIIeHHOM CUCTeMbI IPOTe0/IM3/aHTUIIPOTEO0IIH3.
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AnupaemMunonormyeckas cuTyaLms no Ty6epKynésy B NeHUTeHLUMapHbIX
yupexaeHusix Poccuiickon ®epepauyum B 2023 rogy

10.B. Muxaiinoea' ~, C.A. Crepiukos' ~ 23, C.B. [onomapés? -, E.JI. ABepbsiHoBa®

! TleHTpa/ibHBIN HAYYHO-UCC/Ie0BaTeTbLCKUM MHCTUTYT OpraHU3aluy U MHGOPMaTH3aliu 31paBooxpaHenus, 2. Mockea,
Poccutickas ®edepayus
2 HayuHO-HCC/Ie/[OBaTe/IbCKUM MHCTUTYT (heiepabHON CTy»KObl UCTIO/THEHUs HaKa3aHui Poccuiickoit desepaiiuy,
2. Mockea, Poccutickas ®@edepayus
3 TICKOBCKH# rOCyapCTBEHHbIN YHUBEPCHUTET, 2. [Ickos, Poccuiickas @edepayus
> sterlikov@list.ru

AHHoTams. AKnyaibHOCMb. JTAIeMUOJIOTIYeCKasi CUTYarus 110 TyOepKy/Ié3y B MeHUTeHIMAaPHBIX YUpeXxXAeHusx Poccun,
HECMOTPS Ha eé 3HauuTe/IbHOe y/yullleH!e B TI0C/Ie/{HHe TO/bl, 0CTAETCs aKTyaIbHBIM BOTIPOCOM MEeHUTEeHIMapHO MeJULIUHBI.
Llenecoobpa3Ha OIleHKa 3MHIeMHAOIOTHIeCKON CUTYALH 0 TeHUTeHL[apHOMY TyOepKy/é3y B Poccuu B oCTIaHAeMUYe CKU
reproZ, ¥ Ha (hoHe TIpOBeJieHusI CrierjanbHoM BoeHHOH orepariyil (CBO). Llesb: o1jeHUTh JUHAMUKY pa3BUTHS STHeMUUeCKON
CHTYaL[|HU TI0 TyOepKy/€3y U COCTOSTHUE OKa3aHusl (PTI3UaTpruuecKo MOMOILH B MTEHUTEeHIMapHbIX yupexkeHusx Poccuiickoit
®epneparum B 2023 ropy. HayuHast HOBH3Ha: BriepBbIe IIPOBe/IeHO U3yUueHHe SMHJeMUYeCKOi CUTYyaljiy 10 TeHUTeHLMapHOMY
TyOepKy/é3y B YCIOBUSX ITPOBEJEHHS ClieljiaTbHOM BOEHHOH OTepalyii ¥ B TIePHOJ, HAaCTYNUBLIMH nocne nangemur COVID-19.
Mamepuanb u memoodbl. VI3yueHsl JaHHBIe 0QUIHaIbHOrO (heepasbHOro U BeJOMCTBEHHOT0) CTaTHCTHUECKOro Hab/mrozieHust 3a
2000-2023 rT. Pe3yabmambl u obcyscoeHue. B 2023 1. oTMeuaeTcsi yCKOpeHHe TeMIla CHIKeHHs 3a00/71eBAeMOCTH TyOepKy/I€30M
B CJIe/ICTBEHHBIX U30ssATopax Ao 15,8% (p < 0,001) nmpu coxpaHeHWH CTaOUIBHOTO TeMIla eé CHIDKEHUs] B UCITPAaBUTEIbHBIX
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yupex/eHusix. B 11e/10M 1o reHUTeHI[MapHbIM yUpeXXeHusIM 3a60/1eBaeMOCThb TybepKyné3oM cHu3nnack ¢ 580,4 B 2022 1. 1o
540,0 Ha 100000 B 2023 1. ost 60TBHBIX TYOEPKY/1E30M, BIIEPBbIE BBISIBJIEHHBIX B TIEHUTEHLIMAPHBIX YUPEXKIEHUAX, CPeAU BCEX
BIIEPBLIE BHISIBJIEHHBIX OO/bHBIX TyOepKy/é30M, CHU3MIACh ¢ 6,49% B 2022 1. 10 5,63% B 2023 1. CMepTHOCTh OT TyOepKy/é3a
M3MeHsIJIaCh CTAaTUCTHUeCKH Majio3Hauumo (¢ 5,8 B 2022 1. zo 4,5 Ha 100000 B 2023 r.; p=0,5). PacripocTpaHéHHOCTh TyOep-
Ky/1é3a cHu3miack 10 1982,3 Ha 100000. Josst 60/bHBIX TyOepKyné3om B couetanuu ¢ BUY B 2023 roay cocraBuia 36,4%.
Bbi6oobl. TTpoBeerre CBO u mangemuiss COVID-19 He oKa3a/ii HETaTUBHOTO BIMSHUS Ha MTAAEMHOIOTHUECKYIO CUTYALUIO 110
TyOepKy/€3y B IEHUTEHIMAPHBIX YUPeXIeHHUAX. BO3MOKHO HEKOTOpoe Mo3uTHBHOEe BiusiHue CBO, CBsi3aHHOE C BOB/IeUEHHEM
B 9KOHOMUYECKYIO ¥ 0O0POHHYO /IeSITe/TEHOCTE COLIMATBHO YSI3BUMBIX CJIOEB HACe/IeHHs], UTO MOBJIEK/IO YBeJIMUEHHe YPOBHS UX
JKW3HH, TIPOSIBUBLIIEECS] B CHIDKEHUH 3a00/1eBaeMOCTH TyOepKY/IE30M B C/IeAICTBEHHBIX M30/IATOPax [j0 HCTOPUUECKOr0 MUHUMYMa.

KiroueBble c/10Ba: TyOepKy/iés, TyOepKy/I€3 y 3aK/TIOUEHHBIX, STTUAEMHUOJIOTHS TyOepKy/I€3a, eHUTeHLIMaPHbIE YUPEXIeHUS

Mudopmanust o puHaHCMPOBaHUHU. ABTOPHI He N0Ty4any (PHHAHCOBOM MOAJEP)KKHY J/1s1 IPOBeAeHNs MCC/IeJOBaHNs, HalTMCaHUsT
Y yO/TMKaLK CTaThU.

Bku1a/] aBTOpOB. Bce aBTOpEI BHEC/TH CYIIIeCTBEHHBIN BK/1aJ] B Pa3paboTKy KOHLIETILMH U MOATOTOBKY CTaThH, MPOUIN ¥ 000N
(buHaMBHY0 BEPCHUIO TIepe/] Ty 6/IMKaryen.

Hudopmanus 0 KOHGIMKTEe HHTEPECOB. ABTOPHI 3asB/ISIIOT 00 OTCYTCTBUY KOH(IMKTA HHTEPECOB.
JTHYecKoe YyTBep)KAeHHe — HelIpUMEeHHMO.
BiarogapHocTH — HEPUMEHKMO.
HudopmupoBanHoe coryiacue Ha My0/IMKAUI0 — HENPUMEHHUMO.
INoctynuna 05.06.2024. TIpunsra 09.07.2024.
Jna qurupoBanusa: Muxatinoga FO.B., Cmepiukoe C.A., IloHomapée C.B., AgepbsiHoga E.JI. SMuaeMronoruueckasi CUTyaryist

110 TyOEepKY/IE3y B TIeHUTEHIMAPHBIX yupexkaeHusx Poccuiickort @eneparpiv B 2023 rogy / BecTHruK Poccriickoro yHUBepcHTeTa
Ipyx6e1 HaponoB. Cepust: Meauimna. 2024. T. 28. Ne 3. C. 353-364. doi: 10.22363/2313-0245-2024-28-3-353-364. EDN: CZBUNM.

Epidemiological situation of tuberculosis in prisons
of the Russian Federation in 2023
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Abstract. Relevance. Despite significant improvement, the epidemiological situation regarding tuberculosis in Russian
prisons remains not entirely favorable. It is advisable to assess the epidemiological situation regarding penitentiary tuberculosis
in Russia in the post-pandemic period and against the backdrop of a special military operation. Aim: to assess the dynamics of
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the development of the tuberculosis epidemic situation and the state of provision of TB care in prisons of the Russian Federation
in 2023. Scientific novelty: for the first time, a study of the epidemic situation of penitentiary tuberculosis was carried out in
the context of a special military operation and in the period following the COVID-19 pandemic. Materials and Methods. Data
from official (federal and departmental) statistical observation for 2000-2023 was studied. Results and Discussion. In 2023,
there is an acceleration in the rate of decline in the incidence of tuberculosis in pre-trial detention centers to 15.8% (p<0.001),
while maintaining a stable rate of decline in correctional institutions. In general, in penitentiary institutions, the incidence
of tuberculosis decreased from 580,4 in 2022 to 540,0 per 100,000 in 2023. The share of new cases of tuberculosis detected
in penitentiary institutions among all new cases of tuberculosis decreased from 6.49% in 2022 to 5.63% in 2023. Mortality
from tuberculosis changed statistically insignificantly (from 5.8 in 2022 to 4.5 per 100,000 in 2023; p=0.5). The prevalence of
tuberculosis fell to 1982.3 per 100,000. The proportion of patients with tuberculosis combined with HIV in 2023 was 36.4%.
Conclusion. The special military operation and the COVID-19 pandemic did not have a negative impact on the epidemiological
situation of tuberculosis in Russian prisons. There may be some positive impact of the special military operation on the epidemic
situation regarding tuberculosis, associated with the involvement of socially vulnerable sections of the population in economic
and defense activities, which resulted in an increase in their standard of living and a decrease in the incidence of tuberculosis,
which manifested itself in a decrease in the incidence of tuberculosis in pre-trial detention centers to a historical minimum.
Key words: tuberculosis, tuberculosis in prisoners, epidemiology of tuberculosis, prisons
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BeepeHue

[TpeObIBaHUE B EHUTEHLUAPHBIX YUPEXAeHU-
SIX SIBJISIETCST OAHUM M3 3HAUYUMBIX (DAaKTOPOB pHCKa
pa3BUTHS TyOepKy/ésa [1, 2], a Takke peAUKTOPOM
HebMaronpusaTHOTO Ucxo/a ero yieueHus [3-5]. ITo gan-
HBIM MeTaaHa/M3a pacpoCTPaHEHHOCTDb TyOepKyé3a
B TIOpbMax coctaBuia 3,54 % [2, 71; 4, 63], 1 B cTpaHax
C BBICOKMM U HU3KUM OpemMeHeM TyOepKyJiésa, a Takxke
B CTpaHax C /I0OX0/IaMU HIKe- U BbIIIle CPeIHEro pas-
JMyanach MeHee, ueM B /iBa pa3a [6].

Hecmorpst Ha To, UTO JUHAMMKA 3a00/1eBaeMOCTH
TyOEepKY/IE30M OCY)KIEHHBIX UIMEeT TIPU3HAKU aBTOHOM-
HOCTH KakK TI0 pPa3HbIM yUPeX/[eHUsIM TTeHUTeHIapHOH

HEALTH POLICY AND PUBLIC HEALTH

CHUCTEMBI, TaK U TI0 CDABHEHUIO C HACEIEHUEM, TTeHH-
TeHL[apHbIe YUpesK/IeH!sI OKa3bIBalOT CYL[eCTBEHHOe
B/IMSTHHE Ha MHAEMHUOIOTHUECKYIO CUTYALIUIO TI0 TY-
Gepkyrnésy B obiiecTse [7]. OrugeMuyeckast 00CTaHOBKa
10 TyOepKy/1é3y B eHUTEHLIapHOM YUPEXX/IeHHH, B CBOIO
odepe/ib, OKa3bIBaeT B/IMSHHUE Ha UaCTOTY JIaTeHTHOMN
TyOepKy/1é3H0 NH(EKIMI 1, COOTBeTCTBEHHO, Ha MoCJie-
JYIOLLMI pUCK 3abosieBaHust TybepKysé3om [8]. Kpome
TOTO, TIEHUTEHLMaPHbIN TyOepKYy/IE3 MOXKeT pacrpoCTpa-
HSTBHCS Cpe TPaXKJAHCKUX JIUL] TIOCPEZCTBOM T1epCo-
HaJsla, TIOCETUTEJIeH, a TaKKe OBIBIIMX 3aK/TFOUEHHBIX,
y KOTOPBIX TyOepKy/1é3 He ObT BbI/IeUeH BO BpeMsi UX
nipeObIBaHYS B IEHUTEeHLIMAPHBIX yupexxaeHusix [9, 10].
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IToCTOSIHHBIN NIPUTOK COLMAIBHO-Ze3a]allTUPOBAHHBIX
OO0MBHBIX TyOEPKY/Ie30M M3 MECT JIUIIEHUST CBOOO/IbI
CIIOCOOCTBYeT OTATOIIEHHI0 MeJUKO-COL[HaTbHON
Y K/TMHAYEeCKOM CTPYKTYPhI OOMBbHBIX, HA0/MIO1aeMbIX
B IIPOTUBOTYOEPKY/Ie3HbIX yupexkaeHusx [11].

Poccwiickast @epepaiiyist BXOJUT B unc/io 18 Beico-
KOTIPUODHUTETHBIX IO TyOepKysié3y cTpaH eBpOIelcKoro
perviona BO3 [2]; mpu 5ToM 110 BeTMurHEe UHIA/EHT-
HOCTU TyOepKynésa Poccuiickas desjepaiiyisi 3aHUMaeT
yeTBEépTOE MecTo [12].

HecmoTps Ha TO, UTO 3MKEMUOJIOTHS TYOepKy-
71é3a U CUCTeMa OKa3aHUs (PTU3MATpUUeCKOW TTIOMOLU
B Poccuiickoii @efiepaliuu nepuoguvecky aHaausu-
pyeTcs Kak B ClleliuaIu3upOBaHHBIX U3ZaHUAX, TaK
Y B Hay4YHBIX MyO/IUKaIUsX, B [T0C/IeAHNE TOJbI CJI0-
JKU/Iach 0cobast CUTyaLusi: TIPOBeieHre CIieliaabHON
BOEHHOMU Ollepaljiy, B KOTOPOW NIPUHUMAJIU y4yacTue
OCY>K/|eHHbI€ K JIUIIeHH0 CBOOO/bI (B COOTBETCTBUU
¢ dbegepanbHbIM 3akKOHOM Ne 61-®3 ot 23.03.2024),
MOIJIO OKa3aThb CYLeCTBEHHOe BMsSHUE Ha 3MHe-
MHUeCKy0 00CTaHOBKY I10 TyOepKysié3y, M0CKONbKY
HajiMurie aKTUBHOTO TyOepKy/ié3a siB/isieTCsl COCTOsI-
HHeM HeroIHOCTH K BOEHHOU Ciy»k0e TI0 COCTOSTHUIO
340poBbsi. KpoMe Toro, BavsiHYE Ha MU eMUY€eCKYH0
06cTaHOBKY 10 TyOepKy/é3y B MeHUTeHLMapHBIX
yupexaeHusix Poccuu Morsia okasaTbh M MaHZeMUs
HOBOW KOpPOHaBUPYCHOW UH(peKLUH, 0(ULMaTIbHO
3aBepuyBLIagcsa B 2023 roxy.

Takum obpa3om, 3nujemMuoornyeckas Cu-
Tyalus 1o TyO0epKy/é3y B MeHUTeH[MapHbIX yu-
peXX/IeHUsIX TIpe/iCTaB/sieT I00aabHy0 Mpobiemy,
aKTya/JbHY0, B TOM uucie, u Ajas Pocculickoit ®e-
Jlepaluy, a aHa/Iu3 3MUAeMU0/I0THYe CKON CUTyaLuu
1o Ty0epKy/é3y B MeHUTEHI[UAPHBIX yUpeXAeHUsIX
B eé JMHaMUKe Mpe/CTaBsieT aKTyalbHYIO 3a/iauy,
0Cc00eHHO B yCJ/IOBUSIX COLMAJbHOUW TpaHchopMma-
L[UU POCCUICKOTO ob1miecTBa. Llenb uccnegqoBaHus:
OLIeHUTh JUHAMHUKY pa3BUTHUS 3NUJeMUYeCKOUN
CUTYaLUU TI0 TyOepKy/né3y U COCTOSTHUE OKa3aHHs
¢ TH3MaTpUyeCcKol TTIOMOLU B MeHUTEHL[MapHBIX
yupexaeHusix Poccuiickoi @egepauuu B 2023 rogy.
HayuHast HOBU3Ha: BIlepBbIe MIPOBEJEHO U3yUYeHUe
3MHUAeMHUYeCKON CUTyallMy 10 TeHUTeHL[MapHOMY
TyOepKysé3y B yCJIOBUSIX MTPOBeIeHUs CTIel[halbHOMN
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BOEHHOM orepalyy U B epuoj, HaCTYMUBIINN TTOC/Ie
nangemun COVID-19.

MaTepMan bl ® METOADbI

W3yueHbl cBefieHUs1 OPULIMATBHOTO CTaTUCTUYECKO-
r0 HaO/IO/IeHNs C UCTIoMb30BaHKeM (hopM dezepasbHOrO
(Ne 8 Poccrata «CBefieHust 0 3a00/1eBaHUSIX aKTUBHBIM
TyOepKyné3om», Ne 61 «Cezerusi o BUU-unbexmm»)
1 BeioMcTBeHHOT0 (Ne ®CUH-6 «CBefieHus1 0 COLIU-
aJIbHO 3HAUMMBIX 3a00/1eBaHHUSIX Y JIUL], COZIePIKAIIAXCS
B YUPEX/IeHHUSX YTOJ0BHO-UCTIOTHUTETEHOW CHCTEMBI
Poccuiickori Pepepariyu, 1 OTAe/NbHBIX OKA3aTessix
JesiTeJIbHOCTH MeAULUHCKON Cy>KObI», Ne 4-Ty0
«OTuéT 0 6ONMBHBIX TYOEPKYIE30M») CTAaTUCTHUECKOTO
HaO/TFO/IeHUS.

Vcrionb30BaHbl CTaHAAPTHBIE METOAUKH pacuéTa
TIoKa3aresield, paHee U3J/I0KeHHbIe B Ty0O/IUKaI[HsSIX
U CTaTUCTHUUeCKUX MaTepuasax [13-15].

[ns aHanu3a AUHAMUYeCKUX PSiZiOB MOKa3aTesiein
WCIO/b30BaIi MaKCUMa/bHO JOCTYIIHBIA EePUOZ; AJIst
3a00/1€Ba€MOCTH, CMEPTHOCTH U PACIIPOCTPaHEHHO-
cti — ¢ 2000 no 2023 rr.; ans BUU-undekium —
¢ 2002 1o 2023 roapl. OTenbHbBIE TTOKa3aTeIn ObLITH
JOCTYTIHBI J/11 PeTPOCIIEKTUBHOIO U3YYeHHsI 32 MeHb-
LIWI NIepUoji BpeMEeHH.

B xope craticTryeckoit 06paboTku nHGopmMaLu
pacCcunThIBa/IM UHTEHCUBHBIE U SKCTEHCUBHbBIE MOKa-
3aTenu, ux 95 % noepurenbHbie UHTEPBaJbI (95 %
W) MeTofoM YWsicoHa, CTaTUCTUUECKYHO 3HAUMMOCTh
MEXXTOZIOBbIX Pa3/IMUnii: BEPOSITHOCTh CTaTUCTHUUECKOU
obKu miepBoro poza (p).

Pe3ynbraTtbl M 06CyXAEHME

KitoueBbIM moKasaresieM, OTpakarolUM Haripsi-
JKEHHOCTBD 3MHZIEMIUeCKOM 00CTaHOBKH TI0 TYOepKY/IE3y,
SIBJISIETCS TI0Ka3aTe/b 3a00/1eBaeMOCTH TyOepKy/1E30M.
7151 TOTO, UTOOBI OTIPE/Ie/TUTh, HACKOIBKO 3HAUYMMbBIM
OBLIO BJIUSIHYE HA JAaHHBIM IMOKa3aTesib MPOBe/IeHHe
CBO, Heo06X0JUMO pacCMaTpUBaTh €ro B IMHAMHUUe-
CKOM pSIly AOCTaTOYHOM AJIMHBI. [lMHaMKKa MoKa3aTerst
3ab0/1eBaeMOCTH TyOepKy/1€30M, B TOM UHC/Ie — B CIIe]I-
cTtBeHHBIX u3onsitopax (CM30) u ucripaBuTe/IbHBIX
yupexxaenusix (MY) npencrapieHa Ha rpaduke (puc. 1).
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Mikhaylova YuV et al. RUDN Journal of Medicine. 2024;28(3)

Puc. 1. [lnHamunka nokasaTens 3a6o1eBaeMOCTU Ty6epKyNE30M
B NeHUTEHLMapHbIX yupexaeHnax Poccuiickon ®epepaumm 8 2000-2023 rr.
lNpumedarune: YNC — yronoBHo-UcnonHutensHas cuctema; CU30 cnefcTBEHHbIE M30MATOPbI; UCNPaBUTENbHbIE YUPEXAEHUSA.

Fig. 1. Dynamics of tuberculosis incidence rate in prisons of the Russian Federation, 2000-2023

Tekyl1pe MoMTHYE CKHE TTPOLeCChI He TIOBHSIIN
Ha TeMIT CHWKeHHs 3a00/1eBaeMOCTH TyOepKy/Ié3om
B MICTIPAaBUTE/TLHBIX YUPEXKIEHUSX, KOTOPBIN MTOC/IeJHIe
4 roza ocTaBasics cTabuibHbIM. OTMeUanoch YCKOpeHue
CHIKeHUs 3ab0eBaeMOCTH TyOepKyné3oM B Ciief-
CTBEHHBIX U30JIITOpax o GecrnperieleHTHO BLICOKOTO
ypoBHsI — 15,8 %. C ofiHOM CTOPOHBI, 3TO MOXET OBITh
CBSI3aHO C MepeCcTPOMKOH 00I1leCTBa B pe3y/ibTare Mpo-
HCXOSAIINX TIOTMTHUECKUX TTPOIeCCOB, B TOM UHMC/Ie —
OTKPBITHEM BO3MOXXHOCTeM /1JIsi COLIMAIbHO YSI3BUMBIX
CTI0€B HaCeJIeHUs], TIOBBIIIIEHUEM UX YPOBHS KU3HH.
C [ipyroii CTOpOHBI, TOCTOSTHHOE HapallliBaHWe 0XBaTa
HaceJieHusI TTPOGU/IaKTHUECKUMH OCMOTPaMH C T1eJTbI0
BBISIB/IEHUS TYOEpKY/Ié3a, B TOM Urc/ie — /10 becripelie-
JeHTHO BBICOKHX JIJIs TOCTCOBETCKOTO MepPHo/ia 3Have-
Hui (2022 r.— 73,6 % [15]) Hen36e>kKHO 3aXBaThIBAeT
1 COIMABbHO Ys13BUMbIE C/IOM HaceJIeHusI, CTI0COOCTBYs

HEALTH POLICY AND PUBLIC HEALTH

BBISIB/IEHUIO CPeJJM HUX C/TydaeB 3abo0meBaHust TyOepKy-
JIE30M IO MOMEHTa COBepIlIeHHs] UMH NPaBOHapYILIeHNI
W/IY TTOMellleHUeM UX B CJIe[JCTBEHHbIE U30JISITOPHI.
BeposTHOCTB TOTO, YTO JaHHOE CHI)KEHHE BbI3BaHO
cToxXacThyecKumH npoueccamu Maina (p < 0,001). Tem
He MeHee, 3a00/1eBaeMOCTh TyOepKy/IE30M B C/ie/ICTBEH-
HBIX U30JIATOpax BCE elljé BEIIIe, YeM B UCIIPABUTE/Ib-
HbIX yupexxaenusix (p < 0,001).

Crnenyet OTMETUTb, UTO CTAOUIHBHOCTb CHYDKEHUST
3ab0/1eBaeMOCTH TyOepKy/Ié30M B UCTIPaBUTEIbHBIX
yupeXXJeHHUsIX CBs3aHa CO CHIDKeHHMEM UHhCJia 0Cy-
JKI8HHBIX U, COOTBETCTBEHHO, Y/yullleHHeM YCI0BUM
X OTOBIBaHMS HaKa3aHuii [16]. DTo cyimecTBeHHO
TIOB/IMISI/IO HA JIOJIIO BIIEPBbIE BLISIBIIEHHBIX OOTBbHBIX
TyOepKy/né30M, AMarHOCTUPOBAHHBIX B YUPEXKIEHUSIX
YTO/IOBHO-UCTIONMHUTeNbHOM cucTeMbl (YUC) cpeau Bcex
BIIEPBbIE BBISIB/IEHHBIX OOJIbHBIX TYOepKy/IE30M, KOTOpast
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cokpaTtunacs ¢ 6,49 % (95 %W 6,27-6,72) B 2022 1.
1o 5,63 % (95 %Y 5,41-5,85) B 2023 . (p<0,001).

Cyl1iecTBeHHOE BJTUSIHYE Ha 3TTUIeEMUOIOTUYeCKYH0
CUTYaLMIO 110 TyOepKy/nésy B YVIC MOTyT OKa3bIBaTh JIMLIA,
TOCTYTIMBLLYE B TTeHUTeHLMapHbIe YUPEXK/IeHus C TUarHo-
30M aKTHBHOTO TyOepKy/ié3a; B 2014 I. B IeHUTeHI[apHbIe
yupexxzaeHus ocTyrmio 7861 nalyeHToB ¢ paHee yCTa-
HOBJIEHHBIM /IMarHO30M TyOepKysiésa; B 2015 r.— 8518;
2016—7136; 2017—5252; 2018—5788; 2019—4067;
2020—4190; 2021—3782; 2022—5047; 2023—2633.

JlviHamMMKa TIoKa3aTtesisi CMePTHOCTH OT TyOepKy/ié3a
Mpe/CTaB/ieHa Ha pUC. 2.

OTMeuasnoch /iBa Mmepuo/ia ObICTPOrO CHIKEHHS
noka3areneii: 2000-2001 rr. u 2011-2018 rr. u gBa
nepuoza ero crabunuzauuu: ¢ 2001 mo 2010 rr.
Ha BBICOKOM ypoBHe U ¢ 2018 1. mo HacTosee Bpems.
CHuxeHue nokazatess ¢ 5,82 (95 %N 3,80-8,27)
B 2022 1. 10 4,51 (95 %11 2,62—-6,91) B 2023 1. 6b1TO0
CTaTUCTHUYeCKU Masio3HauMMbIM (p=0,5); CHI>KeHUe

riokasareisi B mepuog, ¢ 2018 o 2023 rT. Takke Ob110
CTaTUCTUYeCKH Majio3HaunMbiM (p = 0,1).

st ob6cyskaeHus: AMHAMUKY TT0Ka3aTesis CMepT-
HOCTH CyIIleCTBEeHHOe 3HaueHKe UMeeT 0CBOOOKeHHe
00/TBbHBIX TyOEepKY/IEé30M, B TOM UKC/Ie — B CBSI3U C 60-
ne3Hbr0. B 2011 13 neHUTeHLIMapHBIX YUpeXXAeHu!
Ob10 0CBOOOXKAEHO 13627 GO/MBHBIX TYOEpPKY/IE30M,
u3 Hux 485 — B cBs134 ¢ OosesHero; B 2012 . — 12204
u 387 (3,2 %), coorBeTcTBeHHO; B 2013 . — 10924
u 337 (3,3 %); B 2014 r. — 9322 u 268 (3,1 %);
B 2015—9027 u 303 (3,4 %); B 2016—9185 u 512
(5,6 %); B 2017—8894 u 795 (8,9 %); B 2018—8081
u 666 (8,2 %); B 2019 — 7730 u 606 (7,8 %);
B 2020—5774 u 504 (8,7 %), B 2021 —4861 u 361
(7,4 %); B 2022—3908 u 295 (7,5 %); B 2023 —4113
u 281 (6,8 %).

IuHaMmuKa rokasaresisi pacClipoCTPaHEHHOCTH Ty-
Oepkysié3a B eHUTEHIMAPHbIX yupexxaeHusx Poccun
Tipe/iCTaB/IeHa Ha pucC. 3.

Puc. 2. InHamuKa nokasaTtens CMepTHOCTM OT Ty6epkynésa
B NEHUTEHLMAPHbIX yupexaeHnsx Poccuitckon Gepepauynm B 2000-2023 rr.
[MpumedaHme: BepTrkanbHbIMM OTpe3KamMm NpefcTaBieHbl rpaHnubl 95 % N,

Fig. 2. Dynamics of the mortality rate from tuberculosis in prisons of the Russian Federation in 2000-2023.

Note: Vertical bars represent the boundaries of 95% CI.
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Puc. 3. [InHamunka nokasaTtenst pacnpoCTpaHEHHOCTH Ty6epKynésa
B NEHUTEHUMAPHbIX yupexaeHnsx Poccuinckon ®eaepaunm 8 2006-2023 rr.

Fig. 3. Dynamics of the prevalence of tuberculosis in prisons of the Russian Federation in 2006—2023

BricTpoe cHUXKeHuMe oKaszaTesisi pacCpoCTpaHEéH-
HocTu TyOepKynésa ¢ 2003 o 2004 rt. 00yc/10B/I€HO
M3MeHeHHeM CHCTeMbl IUCIIaHCePHOTO HabmoaeH st
3a TyOepkysé3oM B Poccuu: ncuesHOBeHHEM MOHSATHS
«3aTUXaroIIi aKTUBHBIN TyOepKynés». [lanbHeliiiee
CHIKeHHe TI0Ka3aTeJsisi paClipoCTPaHEHHOCTH Tybep-
Ky/163a NMPOMCXOJMIO Ha (JOHEe CHWKEHUS TToKa3aTeJist
3abosieBaeMoCTH TyOepKynésom. B 2021-2022 rr.
TOKa3aTe/ib U3MEHSJICS CTaTUCTUUeCKU MaI03HaulMO
(p=0,4), onHako B 2023 oH cHoBa cHusuacs (p<0,001).

OpHoOM U3 CyleCTBEeHHBIX TP0bJieM, MpersT-
CTBYIOLIIMX B COBPEMEHHBIX YCIOBUSX J0CTHKEHUIO
3MU/IeMUOJIOTHUECKOTO O/1arornomyuust o TyO0epKysiésy,
ABJISIETCS TYOepKy/ié3 B couetaHuu ¢ BUY-uHdekipei;
B 11esioMm 1o Poccuu niepes; manemueit COVID-19
JJaHHOe coueTaHHe MMeJIOCh y KaXK/[0ro IISToro mna-
uuenTa [17]. [JuHaMuKa rokKasaresieli, OTpa’karoIuxX

HEALTH POLICY AND PUBLIC HEALTH

3MU/eMUOJIOTHYEeCKYI0 CUTYyaLUIo Mo Ty6epKynésy
B coueTanuu ¢ BUU-uHndekiueii, npeacrapieHa
Ha puc. 4.

OTMeuaeTcst poCT 10/ OOTLHBIX TyOepKyIé30mM
B couetanuu ¢ BUY. B To Xe Bpems, B mocjiejHue
ro/Ibl YZIanoch JOOUTHCS CyleCTBEHHOTO Tporpecca
B CHIKeHHH 3abo0sieBaeMoCTH TyOepKy/ié30M B coue-
taHuu ¢ BUY: ecoim mo 2017 rozma 3aboneBaeMoCThb
TyOepKysié3om i, kuByimx ¢ BUY (JIXKB), Bapbu-
poBasa B nipefienax oT 3198,3 mo 4093,6 va 100 000,
TO B 2017 1. 0Ha cHu3unack Ao 2953,8. B 2018 r. oHa
cocraBuna 2779,4; 2019—2506,0; 2020—2014,2;
2021—1930,1; 2022—1834,9, a k 2023 cHuU3U/IaCh
no 1728,8 va 100000 JDKB. CHmkeHue 3ab01eBaeMo-
ctu Tybepkynésom JDKB npoucxoauio Ha GpoHe pocta
oxBata JDKB anTupetpoBupycHoi Tepanueii (APT).
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Ecnu B 2014 . APT nosnyuasn Aulllb KaXKAbIN TSITHIA
JIKB (21,7 %), To k 2017 roay (Hauasio CH>KeHHe
3aboseBaemocTu JIXKB TyOepKysié3om), Tepanuei
6b110 oxBaueHo yxe 43,9 % JDKB. B 2018 r. oxBaT
APT BrIpoc 10 52,0 %; 2019—59,5 %; 2020—89,6 %;
2021—92,4 %; 2022—94,5%. B 2023 r. oxBar JDKB
APT cocrasu pekopzubie 95,0 %. B To ke BpeMsi 0XBaT
JDKB xuMuorpoduiakTUKON TyOepKysiésa ocTaBacs
HeBe/uK: B 2020 r. oH cocTtaBun 35,5 %, 2021 —40,5 %;
2022—39,0 %; 2023 —35,7 %.

Bonee BbIcOKasi 3a060/1eBaeMOCTh B CJIe/|CTBEH-
HBIX M30/ISITOpPaxX CBsi3aHa, B MEePBYI0 odepesib, C 00-
C/IeZIOBaHUEM T10/I03PEBaeMbIX U OOBUHSIEMBIX BXO/Ie
BXO/IHOTO KOHTPOJISI B C/IeZICTBEHHBIX U30/sTOpax [14];
JIUIIE HeOoJIbIask YaCcTh U3 HUX 3a00/ieBaeT B Xo7e
npeObIBaHUS B C/e/ICTBEHHBIX H30aaTOpax [18].

[Tpu 3TOM y NOMeILLEHHBIX B CJieICTBEHHbIE U30Jis-
TOPBI MO03peBaeMbIX U 0OBUHSIEMBIX UMEIOTCST Kak
ynpasJisieMble (00/bIIIOe KOJTUUECTBO 3aK/THOUEHHBIX
Ha KOMKY, OTCyTCTBHe COOCTBEHHOTO IMOCTeIHHOTO
Oenbst ¥ Majioe BPeMSITIPENPOBOXK/A€HUE Ha OTKPLITOM
BO3/lyXe), TaK U Heympas/sieMble (yroTpebieHune Hap-
KOTHUKOB U HU3KUU A0X0[ A0 noMelenus: B CU30)
(akTops! pucka pa3sutus TyOepkysnésa [19]. Cokpa-
IIleHre [10/1d OONTBHBIX BIIEPBBIE BBISBJIEHHBIX 00/Tb-
HBIX TyOepKy/1é30M, BBISIBJIEHHBIX B YUPEXeHHUSIX
YTroJIOBHO-UCTIOHUTETbHOU cucTeMbl (YHC) cpeau
BCEeX BIIEPBbIE BBISBJIEHHBIX OO/IBHBIX TyOepKyé3om,
MOJKEeT MPUBECTH K COKPAL|eHUIO pa3phIBa MOKa3aTess
«Jlonst MTHUWIEeHTHBIX C/ydaeB TyOepKyrésa cpenu
MeHUTeHLIMapHOU MOMY/ISILIUUA B €BPOTENCKOM PerroHe
BO3», uto akryansHo g5 Poccum [12].

Puc. 4. JnHamukKa Yncna NnaumeHToB, CTpadatoLLmnx Ty6epkynésom, BNY
1 aonst 60NbHbIX TY6EPKYNE3OM B coveTaHmn ¢ BMY B neHWTeHUMapHbIX yupexxaeHnsax Poccun B 2002-2023 rr.
Fig. 4. Dynamics of the number of patients suffering from tuberculosis, HIV and the proportion
of patients with tuberculosis in combination with HIV in Russian prisons in 2002-2023
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BbICOKasi CMEPTHOCTD T10/103peBaeMbIX, 0OBU-
HSI€MBIX M OCYXXJEHHBIX OT Tybepkynésa B 2000 r.
Oblsla CBsI3aHa C MOC/Ie[CTBUSIMUA KPU3UCHBIX sIBJIE-
Hui 90-X IT., KOTOpBIe B OJTHOW Mepe 3aTPOHYJ/IHN
TeHUTeHL[MapHbIe yUpeXXJeHUsl, BO BpeMsi KOTOPBIX
OTMeyYasiCsl CyIle CTBEHHBIN e GUIUT TTPOTUBOTYOEp-
Kyné3nsix rnpenapaTtoB. B 2001-2010 rr. oTMeuaeTcs
repuoj cTabuansalum nokasaTesisi, CBsI3aHHBIN,
C O/IHOM CTOPOHBI, C TUKBHU/aLMel JeduLuTa rnpo-
TUBOTYDOepKy/IE3HbIX MperapaToB 0CHOBHOTO Psifia,
a, C IPYyro CTOPOHBI — C OTHOCUTEJBHO CTaOWU/Ib-
Hol cutyarueli mo BUU-uHbekuu: 101 601bHBIX
ko-uHdpekuer BUY u Tybepkynésa B mepuog ¢ 2002
mo 2010 r. Beipocia ¢ 3,6 % g0 13,3 % [12], uTo,
0/IHaKo, He MOTJIO CYIlleCTBEHHO MOB/IUATh Ha MOKa-
3aTesib CMEPTHOCTHU OT TyOepKysiésa (c/yuau CMepTH
NalMeHTOB C Ko-uHGbeKuel Tybepkynéza u BUY,
KakK MpaBUJI0, PeETUCTPUPYIOTCS KaK CMEPTh 10 MpH-
yrHe 0o0/ie3HHU, BbI3BaHHOM BVY; 110 Hab/M0aeHUsSIM
O.I1. ®ponoroii u coart. [20], B ToT0BHHE Hab/IIO-
JNeHul 3a 60bHBIMU TyOepKy/e30M, COUeTaHHBIM
¢ BUU-undekiuei, 3aBepIIMBIIMMUCS JeTaTbHBIM
MCXO/I0M, OH He ObLI CBsA3aH C Tybepkyne3om). C apy-
ol CTOPOHBI, /la)ke TaKOW POCT A0J/IU TTal[UeHTOB
¢ xo-uHpekueit BUY u Ty6epkyné3a KOMIIEHCUPO-
BaJsICs POCTOM [0/ MAaLiUeHTOB C MHO)Ke CTBEHHOM
JIeKapCTBEHHOW yCTOWUMBOCTBIO MHUKOOAKTepUit
TyOepKyné3sa, uTo siB/isieTCs PaKTOPOM pHCKa pocTa
JIeTaIbHOCTHU OT TyOepKysé3a. Bcé 3To mpoucxoauio
Ha ¢oHe CHIKeHUs 3ab0eBaeMOCTH MOA03peBae-
MBbIX, 0OBHHSIEMBIX U OCY>XAEHHBIX OT TyOepKy/ié3a.
CoueTaHue UeTbIPEX MepPEUYHCIeHHBIX (PaKTOPOB
MPUBOJUIO K PABHOBECUID MOKa3aTess CMepT-
HOCTH OT TyOepkynésa. [JanbHeliliee CHUKeHHE
TIO0Ka3are/isi CMEPTHOCTH MOTJIO OBITh 00YC/IOBIIEHO
HEeCKOJIbKUMU TeH/IeHL[USIMU: Cyll[e CTBEHHbIM COKpa-
eHreM 3ab01eBaeMOCTH TyOepKy/€30M, pOCTOM
nomu 60nbHBIX TyOepKyné3om B couetanun BUY
(x 2018 r. 1o 32,3 %), BHepeHUEM NIPOrpaMM Jieye-
HUsl TyOepKy/é3a C MHO)Ke CTBEHHOU JIeKapCTBEHHOM
YCTOMUUBOCTBIO BO30yAuTes, a Takxe (¢ 2016 roza)
pocT 0cBoboXKAeHUs1 00TBHBIX TYOEPKY/IE30M B CBSI3U
¢ 6o/e3HBI0, UYTO TTPUBOJUIIO K 3aHM)KEHUIO TTOKa3a-
TeJsisi CMepPTHOCTH OT Tybepkynésa B YUC.

HEALTH POLICY AND PUBLIC HEALTH

3ame/i1eHHas1 lMHaMMKa IToKasaresisi pacrpocTpa-
HEHHOCTH TyOepKysésa B 2021-2022 rr. BO MHOTOM
CBsI3aHa C 3aMe/lJIeHHOM IMHaMUKOM CHIKeHUs BbISB-
JieHUs cydaeB TyOepKysié3a rpyu BXOAHOM KOHTPOJIe
B CJIe/ICTBEHHBIX U30/I5ITOpaxX, a TakKKe yBeJnyeHuemM
Ha 2 TBIC. UeJIOBEeK C aKTUBHBIM TyOepKY/IE30M 13 Urciia
BHOBb apeCTOBaHHbIX, KOTOPbIe ONpe/esIstoT [IPUTOK
60/bHBIX TyOepKy/é3oM B yupexaenus YVIC. B 2023,
NIPOJO/DKUIOCH CHYKEeHHe YKCJla BHOBb apeCTOBaHHBIX
OOMBbHBIX TyOEPKY/IE30M, UTO TaK)Ke CITIOCOOCTBOBAJIO
Ja/IbHelIlIeMy CHIDKEHHIO [T0Ka3areJisl paclipoCTpaHéH-
HOCTHU. He HWCK/II0OUEHO, YTO HEKOTOPYO POJib B CHU-
JKEHWH pacrpoCTPaHEHHOCTH TyOepKy/ésa B 2023 T.
MOTJIa ChITPaTh ¥ YaCTUYHAsE MOOUIM3aLIs 3[10POBBIX
OCY>KI€HHBIX, OHAKO ropa3o Oosiblliee BIMSHIE MOT-
Jla OKa3aTh CUCTeMa pacCIlMpeHUs aJbTepPHAaTUBHBIX
HaKa3aHUuM.

B neHuTeHLIMapHBIX YUpeKAeHUSAX TPaJULMOHHO
oTMeuyaeTcsi 6osiee BbICOKast 10/sT OOMBbHBIX TyOepKy-
JIé30M B coyeTaHuu ¢ BUY, uto cBs3aHO C XapakTepom
coLMaIbHOU aflanTaluy ¥ KpUMUHAIbHOM flesiTeb-
HOCTHM KOHTUHIeHTa. Eciv B npeanaHjeMuye CKUi
TIepUOZ, B TPaXKJAHCKOM 3IpaBOOXPaHEHHH TyOepKyé3
B coueTaHuu ¢ BUY ObIsT y KaXK[0TO MATOTO MalieH-
Ta— 20,3% [17], TO B 3TO >Xe BpeMsi B IeHUTEHL1-
apHbIX yupexzaeHussx BUU-undekuus oTMeuanach
y KaXK/IOro TpeTbero 60/bHOr0 TyOepKysnésom (33,4 %).
Honst 60/bHBIX TYOEpKy/I€30M B coueTanuu ¢ BUY
B 2022 rofy B rpakJaHCKOM 3/jpaBOOXPAHEHHH COCTaB-
Jisina 26,1 % [15], B To BpeMs Kak B IeHATEHI[AaPHBIX
yUpeKJeHUsX OHa, Jja’ke Ha (poHe CyllleCTBeHHOI0
cHKeHUs 3aboneBaemMocTu TyOepkynésom JIDKB,
coctraBuia 35,1 %. 3TO CBUAETENLCTBYET O TOM, UYTO
3a00/1eBaeMOCTh TyOepKyné30M T07j03peBaeMbIX,
0OBUHSIEMBIX U OCY)K/IEHHBIX, He UMetolx BNY-uH-
dekumy, cHIKaeTcs ObIcTpee, ueM 3ab01eBaeMOCTh
Tybepkynésom JDKB. [TepeloMUTh JAaHHYIO CUTYa-
L[UF0 MOYKHO JIBYMsI CII0COOaMU: BO-TIEPBBIX, YCUTUTD
KOHTPOJb cobmogaemoct APT myTém npuMeHeHuUst
Mep COLIMa/IbHOM MOAJEP>KKHU TIPU KOHTPOJIMPYEMOM
npuéme APT; BO-BTOpBIX — HapacTuTh oxBaT JIDKB
XUMHOTIPO(PUIAKTUKOU TyOepKyé3a, KOTOPbIi ToKa
HeBesvK. [To mHeHuto U.B. IIlykuHOM 1 COaBT., Lie-
necoobpa3HbIM TMPeCTaBISIeTCS BbIsSB/IEHUE Y JIHII,
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TMIOCTYTIAOIMX B C/1e/ICTBEHHBIE U30JISITOPbI, KPU3UCHBIX
COCTOSTHUM, MPOBOLIMPYIOLUX CH)KEHHEe UMMYHHUTETa,
C MOC/Ie/1yIOLL{UM TIPOBe/ileHeM KOHTPOIUPYeMOi XU-
MHOTNPOGUIAaKTHKY TyOepkysnésa [21]. OgHako cienyeT
TIOMHUTb, UTO TIPYU BHEJJPEHUU BCeX MPO(hUIaKTUYe CKUX
MepOTIPUSITUI He U3MeHUTCs 3aboieBaeMOCTh TyOep-
Kynésom JDKB, y koTopbIX TyOepKy/é3 Obl1 BhIsSIB/IEH
BO BpeMsi BXOZHOTO KOHTPOJISI B CJ/IeICTBEHHOM H30J151-
TOpe; OTBETCTBEHHBIMH 3a TOKa3aresb 3a00/1eBaéMOCTH
Tybepkynésom B CU30 crieyeT cuntarh, pes/ie BCero,
MeJIMLIMHCKYe OpraHu3aliiy IPakJaHCKOro 3/IpaBo-
OXpaHeHwUs, 0CyLeCTB/SIOIIEe MaCCOBbIe MPO(UIaK-
TUYeCKre OCMOTPbI HaceieHUs C LieJIbI0 BbISIBJIEHUS]
TyOepKy/é3a.

BbiBOAbI

IMpoBeseHue crierjiajbHON BOEHHOM OTlepaliuu
He 0Ka3aJlo HeraTUBHOIO B/IMSIHUS Ha 3MUZeMUOJIOTH-
YeCKYI0 CUTYALWIO 0 TyOepKy/é3y B TeHUTeHLIMaPHBIX
yupexeHusx. Bo3aMO)XHO HEKOTOpOe O3UTUBHOE
pausinne CBO, cBsi3aHHOE C BOB/IEUEHUEM B SKOHO-
MHUeCKYI0 ¥ 000POHHYIO [IesiTe/IbHOCTb COLIMaIbHO
VA3BUMBIX C/I0€B HaCeJIeHus], UTO ITOBJIEKIIO YBe/TMYeHue
YPOBHSI X JKH3HH, TPOSIBUBLIIEeCS B CHIDKEHHUH 3abore-
BaeMOCTH TyOepKYy/ié30M B CJIe[JICTBEHHBIX U30JISITOpaX,
a TaKKe UMC/Ia TIOCTYIUBLINX OOBHBIX TyOepKyIé30M
[I0 UICTOPUYECKOro MUHUMYyMa. OTMeuaroTcst CTabub-
HO HU3KHe T0Ka3aTed CMepTHOCTH OT TyOepKyé3a,
00yC/IOB/IeHHBIE Y/TyUIlleHHeM SIHeMH0JIOT e CKOU
CUTyaL[uH 110 TyOepKy/é3y U 0cBOOOXKIeHreM TaLiu-
€HTOB C Jla/IeKo 3aliemumu ero opmamu. CHrKa-
€TCsl PaCTipOCTPaHEHHOCTh TyOepKyiésa, OTMeuaeTcst
poct o narueHToB ¢ TB/BUY Ha dhoHe cHIDKeHUSs
3abosieBaemoctu Tybepkynézom JDKB, uro Tpebyer
JlaJIbHeMIIero CoBeplIeHCTBOBAaHMS MPO(PUIaKTUKN
TyOepkysésa y JDKB, B TOM uuc/ie — yydlilieHre co-
O/r01aeMoCTH aHTUPETPOBUPYCHOM Teparvu U 0XBaTta
JDKB xuMuonpoduIakTHKON TyOepKyésa.
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Abstract: Relevance. The recent increase in inflammatory, allergic and infectious diseases needs to update new ways of
raising non-specific resistance of the organism. Innate immunity provides the first line of defense against pathogens through
the activation of receptors that detect microorganisms: TLRs, NLRs and CLRs. Muramyl peptides that form the cell wall
of all known bacteria are recognized by NLRs and trigger immune responses to eliminate pathogens. The aim of this study
was to investigate the effect of muramyl peptides on the production of chemokines, growth factors, pro-inflammatory and
anti-inflammatory cytokines by human mononuclear cells. Materials and Methods. Mononuclear cells were isolated from
the peripheral blood of healthy volunteers using the Cell Separation Media Lympholyte CL 5015 reagent and cultured for 4
hours in the presence of glucosaminyl muramyl dipeptides GMDP, GMDP-OH, GMDP-Lys, GMDP-LL; an adequate amount
of medium was added to the control wells. The levels of chemokines, growth factors, proinflammatory and anti-inflammatory
cytokines were measured using magnetic beads with antibodies according to the manufacturer’s instructions Luminex 200,
Merck (Millipore) equipment, and software (Burlington, Massachusetts, USA). Results and Discussion. It was found that
muramy! peptides GMDP, GMDP-ON and GMDP-Lys enhance the production of cytokines IL-1a, IL-1b, IL-1RA, IL-2, IL-3,
IL-4, IL-5, IL-6, IL-9, IL-10, IL-12P40, IL-12P70, IL-15, MDC, sCD40L, IFNa2, IFN-y, TNF-a, TNF-3, GM-CSF. GMDP-LL
does not affect the production of cytokines. At the same time, muramyl peptides with the L-configuration of alanine and the
D-configuration of isoglutamine (L-D muramyl peptides) did not change the values of IL-2, IL-3, IL-5, IL-9. Conclusion. The
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D-configuration of isoglutamine is fundamental for the implementation of the regulatory activity of muramyl peptides. A wide
range of bacterial bioregulators, the source of which are microorganisms, regulate the host homeostasis and trigger immune
reactions, which, depending on the context, can have opposite effects. L-D muramyl peptides activate mononuclear cells,
which begin to produce proinflammatory cytokines and chemokines, as well as growth factors necessary for the destruction
of pathogens. In addition, anti-inflammatory cytokines are also triggered, which have a regulatory role in the appearance of
memory cells and the weakening of inflammatory reactions. Thus, normally, muramyl peptides participate in maintaining
tolerance to microflora and maintaining immune homeostasis.

Keywords: innate immunity, immune homeostasis, tolerance, glucosaminylmuramyldipeptide, muramyl peptide, inflammation

regulation, bacterial bioregulators, NOD2
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Introduction

Muramyl peptides are key components of
the cell wall of gram-positive and gram-negative
bacteria [1]. N-acetylmuramic acid is synthesized
exclusively in prokaryotic organisms and, together with
N-acetylglucosamine and peptides that cross-link these
polymer chains, forms the peptide glycan framework of
the bacterial cell wall [2, 3]. In gram-positive bacteria,
the peptide glycan layer is several times thicker than in
gram-negative bacteria [4]. In gram-negative bacteria,
an outer membrane with lipopolysaccharides of various
chemical structures [5, 6] is located on top of the
peptide glycan layer, determining the species and strain
specificity of bacteria [7-9]. However, recent studies
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using advanced imaging techniques have revealed that
lipopolysaccharides are embedded in the bacterial outer
membrane as discrete regions that form islands in the
bacterial outer membrane [10]. During growth, bacteria
remodel the peptide glycan framework using their own
autolysin enzymes, with a significant portion (up to 50 %)
of the resulting muramyl peptides being reused by the
bacterium, and some muramyl peptides ending up in the
extracellular environment [11-13]. Muramyl peptides and
lipopolysaccharides are pathogen-associated molecular
patterns that activate innate immune receptors and ensure
an adequate response of the macroorganism to pathogenic
and commensal microflora [14-16].

The mechanism of action of muramyl peptides
is based on recognition by innate immune receptors
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such as Nucleotide-binding Oligomerization Domain-
containing protein 1 and 2 (NOD1, NOD2) of
intracellular localization in all cells of the body [17,
18]. Interaction of muramyl peptides with NOD1
or NOD2 triggers a cascade of signaling pathways
leading to activation of nuclear factor kappa B (NF-kB)
and release of proinflammatory cytokines such as
interleukin-1 (IL-1), interleukin-6 (IL-6), interferon
gamma (IFNg) and tumor necrosis factor alpha (TNF-a).
This process plays an important role in protecting the
body from bacterial and viral infections. It is known
that mutations in the NOD2 gene are associated with
Crohn’s disease, a chronic inflammatory bowel disease,
which served as an additional incentive for a detailed
study of the signaling pathways triggered by muramyl
peptides [19-21]. It was determined that the functioning
of NOD?2 is a necessary condition for maintaining the
functioning of innate and acquired immunity [18].
Maintaining the integrity of the epithelial barrier is
the main condition for preventing the penetration of
microorganisms by transepithelial transport and the
occurrence of inflammation, and as a consequence, the
occurrence of various diseases affecting all systems
and organs [22-24]. Understanding the features of
the interaction of muramyl peptides with epithelial
cells, as well as with various immunocompetent
cells, can lead to the development of therapies
aimed at modulating NOD?2 activity and regulating
the immune response. In particular, enhancing the
immune response with muramyl peptides can be used
in primary immunodeficiencies, while activation of
neutrophilic granulocytes and the macrophage link of
immunocompetent cells can compensate for insufficient
production of immunoglobulins [25]. Medicines based
on muramyl peptides have proven effective in the
prevention of seasonal respiratory infections and in the
rehabilitation of patients who have had COVID19 [26,
27]. Studies show that muramyl peptides can be effective
adjuvants for vaccines [28-30]. Adjuvants enhance the
immune response to an antigen, which is especially
important for vaccines against hard-to-detect pathogens.
In particular, muramyl peptides stimulate the production
of antibodies and increase the activity of macrophages,
neutrophilic granulocytes, and natural killer cells, which
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makes them valuable in the development of vaccines
against bacterial and viral infections [31, 32]. Medicines
based on muramyl peptides have proven effective in the
prevention of acute respiratory diseases [26].

In addition, muramyl peptides are being studied as
potential therapeutic agents for autoimmune diseases.
At the same time, muramyl peptides can both aggravate
the course of an autoimmune disease, for example, in
ultra-high concentrations in ankylosing spondylitis, and
alleviate it, for example, when taken during remission
in psoriasis [33, 34]. Understanding the effect of
muramy! peptides in these pathologies can lead to the
development of new strategies for the treatment and
diagnosis of such diseases.

The triggering of anti-inflammatory reactions along
with pro-inflammatory reactions may be one of the
possible explanations for the discovered multidirectional
effects of muramyl peptides. At the same time, anti-
inflammatory reactions manifest themselves with
a significant lag in time and intensity compared to
pro-inflammatory ones [35].

The main interest in muramyl peptides is explained
by their ability to activate innate immunity, which makes
them promising agents for the prevention of socially
significant diseases, as well as the development of new
therapeutic and diagnostic methods. The prospects for
the use of muramyl peptides in biomedicine continue
to expand [32]. New studies are aimed at modifying
the structure of muramyl peptides to increase their
effectiveness and specificity [36-39]. The development
of synthetic analogs of muramyl peptides that may have
improved properties and reduced toxicity, as well as
the study of their immunomodulatory properties is an
important direction in the development of new preventive
and therapeutic agents to increase non-specific resistance.

Materials and methods
Muramyl peptides
Muramyl peptides were synthesized in the
laboratory of peptide chemistry of M.M. Shemyakin and
Yu.A. Ovchinnikov Institute of Bioorganic Chemistry
(Moscow, Russia) [40]. The chemical structure of
muramyl peptides is presented in the figure 1.
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M Muramyl ; ) 3

g/mol peptide R R R
695 GMDP NH, OH GlcNACB1
696 GMDP-OH OH OH GIcNACB1
839 GMDP-Lys NH, Lys GIcNACB1
695 GMDP-LL NH, OH GIcNACB1

Fig. Chemical structure of muramyl peptides

Isolation of mononuclear cells

Venous blood was collected in the tubes (Vacuette,
Greiner Bio-One, Austria) with an anticoagulant (0.1 ml
of a 2.7 % K ,EDTA salt solution; pH 7.2-7.4 per 1 ml
of blood). Whole blood was diluted 1:3 with phosphate-
buffered saline PBS (Paneco, Russia), layered on Cell
Separation Media Lympholyte CL 5015 (Cedarlane
Laboratories Limited, Ontario, Canada) and centrifuged
for 40 minutes at 400 G. Mononuclear cells (MNCs) were
washed twice in complete RPMI 1640 medium (Merk,
Germany) containing 10 % fetal bovine serum (Merk,
Germany), 100 U/ml penicillin (Merk, Germany), 100
pg/ml streptomycin (Merk, Germany) and 10 mM Hepes
buffer (Merk, Germany). Cell viability was determined
by trypan blue staining (Paneco, Russia).

Cultivation of human mononuclear cells
in the presence of muramyl peptides
Mononuclear cells were added to the wells of
a 96-well plate (Costar, Washington, WA, USA), at
0.2x10° per well, muramyl dipeptides were added at
a final concentration of 5 pg/ml and an equal volume
of medium to control wells. The cells were incubated
for 4 hours at 37 °C in a 5% CO, atmosphere, the
supernatant was collected, and cytokines were tested.
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Multiplex cytokine analysis
Multiplex cytokine analysis was performed using
magnetic beads with antibodies for the determination of
human cytokines/chemokines using the Luminex 200,
Merck (Millipore) equipment, and software (Burlington,
Massachusetts, USA). Supernatants of mononuclear cells
were analyzed according to the manufacturer’s instructions.

Statistics

Statistical processing of the data was performed using
GraphPad Prism 8.0.2 software (GraphPad Software,
Inc., La Jolla, CA, USA). For determining intergroup
differences of independent samples and assessing their
statistical significance with a normal distribution, an
unpaired Student’s t-test was applied. Significance levels
of p < 0.05 were considered statistically significant.

Results and discussion

For the first time, the ability of muramyl peptides
GMDP, GMDP-ON, GMDP-Lys and GMDP-LL to
influence the production of cytokines IL-1a, IL-1b,
IL-1RA, IL-2, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10,
IL.-12P40, IL-12P70, IL-15, MDC, sCD40L, IFNa2, IFN-y,
TNF-a, TNF-f3, GM-CSF was studied on mononuclear
cells of healthy donors. It was found that GMDP-LL does
not affect the production of cytokines, which is consistent
with previously obtained data on the induction of nitric
oxide expression. At the same time, muramy] peptides with
the L-configuration of alanine and the D-configuration of
isoglutamine (L-D muramyl peptides) increased IL-1a,
IL-1b, IL-1RA, 1L-4, IL-6, IL-10, IL-12P40, IL.-12P70,
IL-15, MDC, sCD40L, IFNa?2, IFN-y, TNF-a, TNF-£,
GM-CSF and did not change the values of 1L-2, IL-3,
IL-5, IL-9 (data not shown).

Studies have found that L-D muramyl peptides
(GMDP, GMDP-OH and GMDP-Lys) stimulate the
production of proinflammatory cytokines IL-1(, IL-6
and TNF-a, which are involved in acute and systemic
inflammation [41, 42]. Moreover, the maximum
effect was observed with the induction of IL-13 (up to
520 pg/ml), IL-6 (up to 595 pg/ml) and TNF-a (up to
930 pg/ml). GMDP turned out to be the most active of
the muramyl peptides studied (Figure 2).
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Fig. 2. Effect of muramyl peptides on the production of chemokines, growth factors, proinflammatory and anti-inflammatory cytokines

Note: * — p < 0.05 — compared to control values.
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Interestingly, L-D muramyl peptides stimulate the
production of not only pro-inflammatory cytokines IL-1a
and IL-1b, but also their antagonist, the interleukin-1
receptor antagonist (IL-1RA). This fact demonstrates
the ability of L-D muramyl peptides to control both
pro- and anti-inflammatory processes.

A 3-fold increase in IL-4 under the influence of
GMDP-OH and GMDP-Lys, and a 4-fold increase
under the influence of GMDP may be important
when combined with antigens that have allergenic
properties, which should also be taken into account
when prescribing drugs based on muramyl peptides
during an exacerbation of allergy [43].

The cytokine IL-10, which regulates the balance
of the immune response, may reduce the expression of
Th1 cytokines, MHC class II antigens and costimulatory
molecules on macrophages, it can also suppress the
activity of macrophages and dendritic cells [44, 45].
IL-10 increased under the influence of GMDP to 56
pg/ml, which indicates the possibility of its use in case
of loss of the ability of Th17 to produce IL-10 and
prevention of acquisition of the pathogenic phenotype
of Th17.

Under the influence of GMDP, GMDP-OH
and GMDP-Lys the content of IL-12P40 and
IL-12P70, which are subunits of the cytokine
IL-12[46], significantly increased. In macrophages,
IL-12P40 increases the production of both pro- and
anti-inflammatory molecules [47]. IL-12 promotes
differentiation of T cells into long-lived Th1-polarized
memory cells [48]. The obtained data explain the
previously registered ability of muramyl peptides
to promote an increase in Th1 cells, observed when
using a GMDP-based drug in patients with atopic
bronchial asthma [49]. L-D muramyl peptides more
than doubled IL-15, which is responsible for the growth
and differentiation of T, B, lymphocytes, natural killers
and dendritic cells, and also enhances the cytolytic
activity of CD8+ T cells [50-52].

Notably, MDC (a chemokine derived from
macrophages) increased more than threefold under
the influence of L-D muramyl peptides. MDC is
involved in the formation and functioning of the
thymus, attracting monocytes, dendritic cells and
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natural killer cells, and also performs the functions
of regulating immune responses of the skin [53-55].
L-D muramyl peptides (GMDP, GMDP-OH and
GMDP-Lys) increased the production of type I (IFNa?2)
and type II (IFNy) interferons by 50 % and 100 %,
respectively. IFNa2 has antiviral, antiproliferative
and immunomodulatory activity, and is often used
in the treatment of certain viral infections and
cancer; it stimulates natural killer cells and enhances
the expression of MHC proteins [56—61]. IFNy is
a key cytokine of innate and adaptive immunity
against viral and intracellular bacterial infections;
it has antiviral, antitumor and immunoregulatory
functions [62]. sSCD40L is a soluble form of CD40
ligand, predominantly expressed on activated T cells,
is required for B cell maturation and development of
humoral immunity, and is also involved in regulating
dendritic cell function [63, 64]. The observed effect of
muramyl peptides complements previously obtained
data on the effect of GMDP on dendritic cells [26,
65]. A 70 % increase in sCD40L levels under the
action of L-D muramyl peptides also demonstrates
the potential of muramyl peptides to influence adaptive
immunity. Granulocyte-macrophage colony-stimulating
factor (GM-CSF), which stimulates the production
of granulocytes and macrophages from bone marrow
progenitor cells and enhances the functional activity of
mature leukocytes [66], increased more than twofold to
6 pg/ml under the action of L-D muramyl peptides. The
discovered activity of muramyl peptides to stimulate
GM-CSF production may explain the effectiveness of
a GMDP-based drug in the treatment and development
of new therapies for patients with hepatitis [67, 68].

It is noteworthy that L-D muramyl peptides
(GMDP, GMDP-OH and GMDP-Lys) increased
the production of both proinflammatory and anti-
inflammatory cytokines, indicating the possibility of
regulating multidirectional processes depending on
the context and microenvironment, which is consistent
with the previously discovered ability of GMDP to
influence the production of proinflammatory cytokines
and modulate the transcription of genes responsible
for the manifestation of regulatory functions of
immunocompetent cells [65].
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It should be taken into account that the cell walls of
commensal bacteria include not only muramyl peptides,
but also lipopolysaccharides, lipid II, which are also
bioregulators of intracellular processes. Commensal
microorganisms are not the only source of muramyl peptides.
During respiration, bacteria enter the upper respiratory tract
along with dust and plant pollen [69—-71]. In this case, not
only muramyl peptides but also lipopolysaccharides of
various structures, which are part of the structure of gram-
negative bacteria, lipid II, bacteriocins, as well as pollen
antigens and pollutants, have an effect.

On the other hand, endogenous regulators of
the macroorganism, such as antimicrobial peptides,
hormones, lysozyme, etc., can change the activity of
muramyl peptides by enhancing or weakening their
effect [72, 73].

Thus, when analyzing the effects of muramyl
peptides, it is necessary to take into account their
potentiating effect of numerous external factors, as
well as factors of the internal environment of the body,
for example, the activity of enzymes involved in the
phosphorylation of muramyl peptides, without which
NOD?2 activation is impossible [74]. For a comprehensive
analysis and visualization of activation pathways,
numerous databases are created using systems biology
approaches that reveal the activation of numerous
signaling pathways in health and disease [75-78].

Conclusion

The D-configuration of isoglutamine is fundamental
for the implementation of the regulatory activity
of muramyl peptides: in human mononuclear cells,
glucosaminyl muramyl dipeptide with the L-configuration
of isoglutamine does not affect the production of
cytokines IL-1a, IL-1b, IL-1RA, IL-2, IL-3, IL-4, IL-5,
IL-6, IL-9, IL-10, IL-12P40, IL-12P70, IL-15, MDC,
sCD40L, IFNa2, IFN-y, TNF-a, TNF-f3, GM-CSF.

Systemic relationships between microorganisms
and the macroorganism at the level of mucous
membranes, organs and tissues, formed in the process
of evolution, are of great importance for maintaining
immune homeostasis and underlie the development
of methods for the prevention and therapy of socially
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significant immune-dependent diseases. At the same
time, a comprehensive study of the microbiome,
genome, transcriptome, and metabolome in normal
and pathological conditions remains relevant, among
which the determination of the mechanisms of the
influence of bacterial bioregulators, which are fragments
of the cell walls of Gram (+) and Gram (-) bacteria, on
immune homeostasis is especially important. Further
study of compounds of bacterial origin is of interest
due to their ability to pass through the epidermis and
mucous membranes and thus exert a local and systemic
effect on the macroorganism, helping in the fight against
pathogens.

A wide range of bacterial bioregulators, the
source of which are microorganisms, regulate the host
homeostasis and trigger immune reactions, which,
depending on the context, can have opposite effects.
L-D muramyl peptides activate mononuclear cells,
which begin to produce proinflammatory cytokines and
chemokines, as well as growth factors necessary for the
destruction of pathogens. In addition, anti-inflammatory
cytokines are also triggered, which have a regulatory
role in the appearance of memory cells and the
weakening of inflammatory reactions. Thus, normally,
muramyl peptides participate in maintaining tolerance
to microflora and maintaining immune homeostasis.
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BnusaHue MypamMunnenTUAOB Ha NPOAYKLMIO XeMOKUHOB, (paKkTOpOB
pocTa, NPOBOCNa/IUTENbHbIX U NPOTUBOBOCNANNTENIbHbIX LLUTOKUHOB
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AHHoOTanuA. AKMyaabHOCMb. POCT BOCHAIMTENBHBIX, a/l/IePriYecKuX U MH(EKIIMOHHBIX 3a00/1eBaHNH, HaO/THOAA0IUICS
B [10CJIe/IHEe BPeMsl, aKTyau3UpyeT 3a/lauy MOMCKa HOBBIX CII0COOO0B IMOBLIMIEHYsT HeCTIelIUpruUeCKol pe3uCTeHTHOCTH
opraHu3Ma. Bpox/ieHHbI IMMYHUTET 00eCIeurBaloT MePBYIO JTUHUIO 3alUThI OT N1aTOTeHOB uepe3 aKTUBALIMIO PeLeNTOPOB,
oTIpeieISTIOIIUX MUKPOOPTaHu3Mel ocpezcTBoM petienitopoB TLRs, NLRs u CLRs. MypamusnmnenTtuzisl, odpasyoigye
KJIETOUHYI0 CTEHKY BCeX U3BeCTHbIX DakTepui, pacro3HaroTcst NLRs 1 3amyckarOT peakijul UMMYHHOW CHCTEMBI T10 37TH-
MUHAaL[MU N1aTOreHOoB. Llebio HacTosIIero uccef0BaHus BISJIOCh U3yUeHre BAUSHUS MypaMUINenTH/ 0B Ha IPOAYKLIMIO
XeMOKHUHOB, (JaKTOPOB POCTa, IPOBOCHA/INTENbHBIX U TPOTHBOBOCHA/INTENbHbIX IIUTOKUHOB MOHOHYKJ/IeaDHBIMU K/IeTKaMHU.
Mamepuanbl u memodbl. MOHOHYKJ/IeapHbIe KJIeTKH MOJTy4Yaau U3 reprdeprueckoil KpOBU 3/[0POBBIX 10OPOBOJIBIIEB C T10-
Mo1ubto peareHTta Cell Separation Media Lympholyte CL 5015 v Ky/nbTUBHUpOBau 4 yaca B IPUCYTCTBUM ITHOKO3aMUHU
mypamui gunentugos ['MATI, TMAII-OH, TMAII-Lys, IM/II-LL; B KOHTpO/bHBIE JTYHKH A00aB/IsiIN ajeKBaTHOe
KOJINUEeCTBO Cpe/ibl. YPOBHU XeMOKHHOB, ()aKTOPOB pOCTa, IPOBOCHAIUTENbHBIX U IPOTUBOBOCHAMUTENbHBIX [JUTOKUHOB
M3MepsIM C NTOMOIL[bI0 MaTHUTHBIX 111apUKOB C aHTHUTEe/aMU COTJIaCHO UHCTPYKLMHU npousBoauTens Luminex 200, Merck
(Millipore) equipment, and software (Burlington, Massachusetts, USA). Peayabmambi u 06cysicoeHue. YCTaHOBJIEHO, UTO
Mypamunnentugsl GMDP, GMDP-ON, GMDP-Lys u ycunuBaroT OpoAyKLHi0 UTOKUHOB IL-1a, IL-1b, IL-1RA, IL-4,
IL-6, IL-10, IL-12P40, IL-12P70, IL-15, MDC, sCD40L, IFNa2, IFN-y, TNF-a, TNF-3, GM-CSF. GMDP-LL He Biu-
seT Ha MPOAYKLHI0 LJUTOKUHOB. B TO ke BpeMss MypaMu/nenTuss! ¢ L-KoHpurypanueii ananuHa u D-koHduryparuei
nsornytamuHa (L-D-mypamunmnenTtu/bl) He uaMeHuau 3Hauenus IL-2, IL-3, IL-5, IL-9. Bbigodbl. D-koHbUrypauus
W30I/IyTaMUHa sIBJIsIeTCsl HeoOXOAUMOM [IJisl peanu3aliiy PeryisaTOpHONH aKTUBHOCTH MypamMuiInenTrzoB. IIIMpokuii criekTp
OakTepuaabHBIX OMOPETYJISITOPOB, UCTOYHUKOM KOTOPBIX SIBJISIIOTCSI MUKPOOPTaHU3MBbI, PEryJTUPYIOT TOMe0oCTa3 X03s1Ha
Y 3aIllyCKalT UMMYHHbIe peakKliH, KOTOpble B 3aBUCUMOCTH OT KOHTEKCTa MOT'yT UMeThb IIPOTUBOTIO/IOKHEBIE (P (eKTHI.
L-D-mypamuinenTtybl akTUBUPYIOT MOHOHYK/IeapHble KJ1eTKH, KOTOpble HauMHaIOT IIPOAYLMPOBaTh IIPOBOCIAIUTE/NbHbIE
LIUTOKVHBI U XeMOKHHBI, a TakXe (pakTopbl pocTa, HeoOXoAMMbIe [Jisi yHUUTOXKeHHs raToreHoB. Kpome Toro, 3amyckarorcs
Y TIPOTHMBOBOCIIA/INTe/IbHbIe LIMTOKUHBI U XeMOKHUHBI, KOTOPbIe UTPal0T PeryasiTOPHYIO PO/b B MIOSBIEHUU KIeTOK NMaMsITH
U ocsabneHuy BOCTIAMUTEebHBIX peakiuid. TakuMm o6pa3oM, B HOpMe MypPaMUJITENTH/ bl YUaCTBYIOT B TIO/|JePXXKaHUHU
TOJIEpaHTHOCTHU K MUKpPO(JIope U Moj/ep>KaHu UMMYHHOI'O FroMeocTa3sa.

KiroueBble c/10Ba: BpOXKJeHHbIN UIMMYHUTET, UMMYHHBIM TOME0OCTa3, TOIePaHTHOCTD, [JIFI0KO3aMUHW/IMY DAMUIAUIIENITHT,
MYpPaMUJITIENTH]], PETY/ISILMS BOCTaeHus, bakreprasnbHbie buoperyastopsl, NOD2

HNudopmanus o puHaHcupoBanuu. PaboTa BhITIONHEHa TP ToA/1ep>KKe [IporpaMMbl CTpaTernueckoro akajeMruuecKoro
nugepctBa PYIIH.
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HNudopmanus o KOHQIUKTe HHTEPeCoB. ABTOD 3asiB/isieT 00 OTCYTCTBUU KOH(IMKTA HHTEPECOB.
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Topical timolol maleate in the treatment of mixed
and deep infantile hemangiomas: a report of two cases
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Abstract. Relevance. Infantile hemangiomas are the most prevalent vascular tumors in children. Since the natural progression
of infantile hemangiomas is typically benign, over 90 % of cases do not require medical intervention. However, treatment is
necessary for infantile hemangiomas that present local complications, functional impairments, or a risk of disfigurement. In
this article we presented two children with mixed and deep infantile hemangiomas, with satisfactory therapeutic responses after
treatment with topical timolol maleate. Conclusion. Timolol maleate is an effective, well-tolerated, and safe treatment option
for various types of infantile hemangiomas.
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Introduction

Infantile hemangiomas (IHs) are vascular neoplasms
and the most common soft tissue tumors of infancy,
characterized by aberrant blood vessel architecture and
abnormal proliferation of endothelial cells, occurring
in about 5% of infants [1]. Most IHs do not require
treatment, but 5-10 % of patients with IHs require some
form of intervention. Although there is no algorithm to
determine the most appropriate intervention for IHs,
treatment should be individualized based on the patient’s
age, the size and growth phase of the lesions, morphology,
location, the presence or possibility of complications,
and the urgency of intervention [1, 2].

We present the therapeutic effects observed in two
infants with a single cutaneous IHs, who were treated with
topical timolol maleate. Timolol maleate, in the form of
a 0.5 % gel, was applied twice daily directly to the IHs,
while avoiding the surrounding skin. We evaluated the
effectiveness of timolol therapy using the Hemangioma
Activity Score (HAS) before treatment initiation and
again after 6-7 months [3]. The photographs were taken
at different points in time, before as well as during the
usage of topical timolol therapy.

Clinical report

Patient 1. The 3-month-old girl had a mixed IH
on her right upper eyelid, causing blepharoptosis and
almost covering her pupil. The IH was oval, measuring
17x10 mm in diameter. It was reddish-purple in color
and elevated about 2 mm above the surrounding skin
at its central part, with a HAS score of 9 (Figure 1).
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Fig. 1. Mixed infantile hemangioma on the right upper eyelid
before topical timolol therapy

The infant’s parents were concerned about the TH,
worrying about its enlargement and potential adverse
medical and aesthetic effects. We treated the IH for six
months with topical timolol maleate, advising additional
eye protection. After that period, the treated IH was
flattened almost to the level of the surrounding skin,
and its surface was similar in color to the surrounding
area (HAS score 2) (Figure 2).

Fig. 2. Infantile hemangioma on right upper eyelid after six
months of usage of topical timolol therapy

Patient 2. The 2.5-month-old boy had a deep IH at
the top of his head, on the left side of the sagittal suture,
with no evident surface changes (Figure 3).
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Fig. 3. Deep infantile hemangioma at the top of the head
before timolol therapy

It had a regular ovoid shape, measured
ultrasonographically at 23x19%3.7 mm, above the
surrounding skin, and its HAS score was assessed at 6
(Figure 4).

Fig. 4. A well-defined, deep, ovoid lesion which measures 23 x
19 x 3.7 mm is seen in the subcutaneous plane

After seven months of local therapy with 0.5 % timolol

maleate gel, the IH completely disappeared, the skin color
was normal, and the HAS score dropped to 0 (Figure 5).

Fig. 5. Infantile hemangioma at the top of the head after seven
months of topical timolol therapy

DERMATOLOGY

Discussion

There are many modalities of therapy for IHs,
including non-selective [3-blockers (propranolol
and topical timolol), corticosteroids, interferon-a,
imiquimod, anti-angiogenic agents, physical measures
(laser surgery, cryosurgery), and surgical interventions
in select patients [1].

Currently, beta-blockers are considered the first-line
therapy for different types of IHs, with other treatment
options becoming less necessary after this discovery.
The mechanism of action involves several pathways
contributing to the regression of these vascular tumors.
These pathways induce vasoconstriction of blood vessels
and reduce nitric oxide release, block proangiogenic
signals, prevent the secretion of proteases necessary for
reorganization into functional vessels (angiogenesis),
and induce apoptosis [4].

Due to propranolol affecting the cellular physiology
of IHs endothelial cells across the vessels, while topical
timolol maleate interacts with hemangioma pericytes
circumscribing the vessels, Wu HW et al. hypothesized
that local timolol maleate and systemic propranolol
might exert their effects partly by targeting different
cells [5]. The same authors compared the efficacy and
safety of propranolol and topical timolol maleate,
concluding that topical timolol is at least as effective
as oral propranolol for the treatment of superficial IHs,
with success rates of 97 % and 96.4 %, respectively.
Piittgen et al. conducted a multicenter retrospective
cohort study involving 731 patients who were treated
with timolol maleate for IHs. The study found that only
7.3 % of these patients required subsequent therapy
with systemic -blockers [6].

Adverse effects are more frequently observed with
systemic beta-blockers compared to topical application.
Oral propranolol in the pediatric population can lead
to sleep disorders, somnolence, agitation, hypotension,
bradycardia, pulmonary symptoms, hypoglycemia, and
gastrointestinal symptoms [7].

Timolol maleate is a relatively new therapy for IHs
with no statistically significant side effects, although
some studies have raised concerns about systemic
absorption and potential side effects such as sleep
disturbances [2]. Chakkittakandiyil et al. performed
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a retrospective, multicenter study, including 73 children
with IHs [8]. Only one patient experienced systemic
side effects (sleep disturbance). We did not observe any
side effects in our two patients.

A 2018 Cochrane review, comprising 28 randomized
controlled trials and 1,728 patients, compared various
treatments for IHs. The authors concluded that topical
timolol maleate was as effective as oral propranolol
based on one study involving 26 participants (very
low-quality evidence) [9].

Consensus statements from the Australasian
Vascular Anomalies Network and the Australasian
Paediatric Dermatology Network, as well as the
American Academy of Pediatrics, British Society for
Pediatric Dermatology, and European expert group, all
recommend oral propranolol as the treatment of choice
for IHs [1, 10-12]. However, except for the British
Society for Pediatric Dermatology, these consensus
guidelines also include topical timolol maleate as
a possible early treatment option only for small and
superficial IHs. This recommendation is based on
evidence rated as not high-quality and mainly derived
from a small number of patients. Both the American
Academy of Pediatrics and European expert groups
mention topical timolol maleate, noting that only one
randomized controlled trial has compared it to a placebo.

Conclusion

In conclusion, current consensus guidelines justify
the application of topical timolol maleate as an effective
treatment for small and superficial IHs. Furthermore,
our findings suggest that timolol maleate may also be
an effective and safe treatment option for reducing the
volume of not only superficial IHs but also deep or
mixed IHs in the outpatient setting.
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MecTHOe npuMeHeHne TUuMoJ10J1a MaJsieaTta B Jie4HeHUU CMeLlaHHbIX
n I'HYGOKVIX MNaAeHYeCKUX reMmaHrmom:. COOGI.I.I,GHVIe 0 ABYX C/lly4yadaXx

M. I1aB/10BHY! g’ K. Pokuu?, T. Uy’

! TeTckuit aMOynaTopHbIi LeHTp, e. Cybomuya, Cepbust
I'naBHast 6onpHULa CyboTuipl, o. Cybomuya, Cepbus
< pavlovic.vsovsu@gmail.com

AnHoTanusa. AkKmyaibHocmb. VIHGaHTU/IbHbIE TeMaHTOMBI SIB/ISIFOTCSI Haubosiee pacripoCTPaHeHHBIMU COCYAMCTBIMU
OMyXOJISIMH Y feTeld. TT0CKO/IbKY eCTeCTBEHHOE Pa3BUTHE MH(AHTUIBLHBIX TeMaHTHOM 0OBIYHO Z06pOKauecTBeHHOE, Oosiee 90 %
c/lydaeB He TpeOyIOT MeIULIMHCKOTO BMelaTe/ibcTBa. OHaKo jeueHre HeoOX0[UMO /i1l MH(aHTH/IBHBIX TeMaHTHOM, KOTOpbIe
TIpe/[CTaBISIOT MECTHBIE 0C/IOKHEHHUS, (PYHKI[MOHA/IbHbIE HAapyLIeHHUs WX pUCK 00e3006pakvBaHusl. Mbl IpefiCTaBHIIH [JBYX
JieTeli CO CMeIIaHHBIMU 1 TTTyOOKMMH MH(aHTH/IBHBIMU TeMaHTHOMaMU C YZ0B/IETBOPUTE/IbHBIMU TeParieBTHUeCKUMU OTBETaMU
TI0CJTe JIeYeHHsT TOIMYeCKUM THMOJI0/1a ManeatoM. BeiBozabl. Tumostona masnear siBiisieTcst 3¢ GeKTUBHBIM, XOPOILO [1ePeHOCHMbIM
1 6e30I1aCHBIM BapUAHTOM JIeUeHUsI Pa3IMUHbIX THIIOB MH(AHTUIBHBIX FeMaHTHOM.

KiroueBple c/10Ba: reMaHrioMa, TUMOJIOJI, IPONPAHOJIO/, MECTHBIM, JledeHe

Nudpopmanusa o puHAHCHPOBAHUHU. ABTOPHI He 10/Iy4yand GHUHAHCOBOU MOJAAEPKKH /ISl UCCIeA0BaHMsl, aBTOPCTBA UIH
nMyOIMKaLUK 3TOM CTaTbU.

Bxknap aeropos. [TaBnoBry Momuuio Hab/IO[a U JIeUWIT MAlUeHTOB U COCTaBWII pyKonuch. Pokeuy JKenbKo nipoBen Y31
Y KpUTHUECKU OTPeJaKTUPOBa/ PYKOTHMCh. Vimny TaThsiHa KpUTHUECKH OTPeJaKTUPOBasia PYKOMHMCh 1 obecrieunsia PyKOBOACTBO.
Bce aBTOpBI BHEC/IM 3HAUMTE/IBHBIN BKJIa/| B KOHLIEIILHIO, [TPOBe/IeHNe NCC/IeA0BaHNsI U TIOATOTOBKY CTaTbH, a TaKKe IIPOUUTay
¥ 0Zl0OpH/IM OKOHUATe/IbHYIO BePCHIO Tiepef] My O/MKariyei.

Hudopmanys 0 KOHGIMKTe HHTEPeCcoB. ABTOPHI 3asB/ISTFOT 00 OTCYTCTBUY KOH(JIMKTa UHTEPECOB.
J1Huyeckoe yreep)xeHHe. CoriacHO MeCTHBIM STHUECKUM PEKOMEH/ALIVSIM JIsE OTYETOB O C/Iyyasix He TpeGyeTcst ofobpeHe STHKHL

BiarogapHocTH. MbI BhlpakaeM ocobyto 6arogapHocts fokropy KapomvHe bepenmpxu u fokTopy borgany Apcruy 3a ux
KOHCTPYKTHBHYIO KDUTHKY.

HNudopmanuoHHoe coryiacue Ha myomkanuio. Bce pogureny npefoctaBuiy MHGOPMUPOBaHHOE J0OPOBOJILHOE COTIacHe
Ha yJacTHe CBOUX JleTell B UCC/Ie0BaHUY B COOTBETCTBUU C Xe/IbCMHKCKOM JleK/iapativeli BceMyUpHOUM MeJUIIMHCKON accolualiiy
(XenbcuHKCKast Aeknaparyiss BMA — DTrdecKuie IPUHLIUTIBI MeAUIIMHCKUX UCC/IeIOBAaHUM ¢ yuacTreM Jirofet, 2013 1.) u gamu
cornacyie Ha 00pabOTKy TIepCOHAIbHBIX JJAHHBIX.
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CLINICAL CASE
KJIMHWYECKUWN CJTY YA

Monomorphic type clinical features
of maculo-papular cutaneous mastocytosis

Elena I. Kasikhina® 2 8, Ahmed Yasser Nada? ~, Maria N. Ostretsova® ,
Olga V. Zhukova®? =, Mikhail A. Kochetkov' ~, R.A. Khanferyan?

"Moscow Scientific and Practical Center of Dermatovenereology and Cosmetology, Moscow, Russian Federation
2RUDN University, Moscow, Russian Federation
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Abstract. Relevance. A monomorphic type of maculo-papular cutaneous mastocytosis was allocated relatively recently.
In children and adolescents with a monomorphic type of MPCM (adult type pattern), clinical manifestations persist into adulthood
and can transform into a systemic process, which determines the need for regular monitoring of this category of patients. The aim
was to analyse the results of clinical, laboratory and instrumental examinations of an adolescent with a monomorphic type of
MPCM. Materials and Methods. The study of an adolescent patient included data of laboratory examination, pathomorphological
examination, ultrasound examination of the abdominal organs and cKIT gene of an adolescent with a monomorphic type of
MPCM, observed at “Moscow Scientific and Practical Center of Dermatovenerology and Cosmetology”. Results and Discussion.
The process was represented by multiple rashes on the skin of the trunk and limbs. Darier’s sign is positive. The patient’s serum
tryptase level exceeded the age norm. The late onset (at the age of 12) of the disease, elevated tryptase levels, neurological
symptoms, and the risk of anaphylaxis caused alertness regarding the development of the systemic form, therefore an ultrasound
examination of the abdominal organs was performed and the presence of a mutation in the cKIT gene in peripheral blood was
determined. Conclusion. Clinical report of an adolescent patient in Moscow Scientific and Practical Center of Dermatovenerology
and Cosmetology was presented. Thus, the combination of clinical and laboratory data allows minimizing the number of
invasive procedures in children with CM. Assessment of the tryptase level, mutation detection in the cKIT gene and ultrasound
examination of abdominal organs can be useful for timely diagnosis of systemic mastocytosis, which allows to carry out the
necessary correction of the disease status and drug therapy.

Keywords: maculo-papular cutaneous mastocytosis, monomorphic type, children, adolescents, diagnostics
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Introduction

Mastocytosis is a heterogeneous group of diseases
characterized by the accumulation of neoplastic mast
cells (MC) in one or more organs. Mostly, mastocytosis
develops due to an acquired activating mutation in the
KIT protein, which leads to an increased proliferation
and survival of MC in tissues [1]. In children, the disease
is usually limited to the skin, but sluggish systemic
mastocytosis may develop. The most common form
of cutaneous mastocytosis (CM) is maculo-papular
cutaneous mastocytosis (MPCM) [2, 3]. The World
Health Organization (WHO) identifies two main forms
of maculo-papular cutaneous mastocytosis (MPCM):
monomorphic and polymorphic. The monomorphic
type, which is more common in adults, but can also be
observed in children, is manifested by small, round,
mostly flat, brown or red spotted (maculo-papular)
rashes, which usually have a central symmetrical
distribution over the body and are classically absent
on the skin of the central part of the face, palms and
soles [4, 5].

Variants of the course of MPCM have a predictive
value. In patients with polymorphic type of MPCM,
rashes tend to have regular spontaneous regression during
puberty. In children and adolescents with a monomorphic
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type of MPCM (adult type pattern), clinical manifestations
continue to persist into adulthood [5, 6]. Patients with
a monomorphic type of skin lesions have been identified
as arisk group for developing systemic mastocytosis since
2016 [7]. Several studies demonstrated that mastocytosis,
with a debut in early childhood and large maculopapular
skin rashes (polymorphic type of MPCM), is associated
with lower serum tryptase levels, favourable outcome
and relatively more frequent spontaneous remission [6-
8]. Dynamic observation of children with mastocytosis
in studies of the last decade has shown that systemic
mastocytosis (SM) is diagnosed in children more often
than at the beginning of the XXI century [3, 7, 9-10].
This is due to the progress made over the past few years
in diagnostic studies, particularly, in the identification and
quantitative evaluation of the KIT D816V mutation [11].

When diagnosing CM, data from the results of
pathomorphological and immunohistochemical studies
are taken into account [12]. In patients with CM, the
average amount of MC in the affected dermis is about
3-8 times more than in the dermis of healthy people
(about 40 MC/mm?2), and about 2—3 times more than
in those suffering from inflammatory skin diseases
[2]. Recently, the use of sensitive, allele-specific
quantitative polymerase chain analysis (ASq-PCR)
KIT D816V for the study of mutations in blood serum
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has become a standard screening examination in adults
with manifestations of CM and persons with suspected
mastocytosis without skin signs and symptoms [13,
14]. Carter et al. (2018) showed that the detection of
KIT D816V in peripheral blood in combination with
organomegaly, allows to identify a risk group of children
with a high probability of developing a systematic
process [7]. Thus, a comprehensive examination of
patients with mastocytosis is necessary to determine
the tactics of management and further prognosis of the
course of the disease.

In available domestic literature, we have not found
publications devoted to the description of clinical cases
with the analysis of clinical, laboratory and instrumental
studies in monomorphic type of maculo-papular
cutaneous mastocytosis in children and adolescents.

Clinical report

Patient A., born in 2005 was under our supervision
in Moscow scientific and practical Center of
Dermatovenereology and Cosmetology. A mother with
her 17 years old son addressed the clinic with their
complaints of multiple rashes on the skin of the trunk
and limbs in April 2023 for the first time. The rashes
became brighter during temperature changes, and during
physical and emotional stress. Occasionally, the teenager
was disturbed by moderate itching of the skin. He also
noted the feeling of rapid fatigue with physical and
mental workload, in addition to frequent headaches.

The patient indicated that the onset of the disease
occurred at the age of 12, when rashes appeared on the
skin of the back. Gradually, the number of rashes on
the skin of the trunk increased. Also, from the age of
12, the patient is worried about recurrent stomatitis,
headaches with nausea but without vomiting, abdominal
pain, and diarrhoea. At school, there were episodes
of fainting during exams period. 5 years prior to the
referral to Moscow Scientific and Practical Center of
Dermatovenereology and Cosmetology, the diagnosis of
mastocytosis was not established. The pigmented form
of lichen planus, teardrop-shaped and lichenoid chronic
pityriasis were assumed to be the possible diagnoses.
No treatment was carried out.
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The following is known from the anamnesis of
life. Neuropsychiatric development is age-appropriate.
Vaccination according to the National Calendar
of Preventive Vaccinations. Past illnesses: acute
respiratory viral infections, chickenpox. In 2022 —
concussion of the brain. There were no operations.
Taking ibuprofen induces hyperaemia of the skin and
redness of rashes. He denies allergic reactions to food.
Heredity for skin diseases is not burdened. His father
has bronchial asthma.

Local status: the pathological skin process is
represented by multiple small non-inflammatory spots
of light and dark brown colour. All rashes have the
same diameter — 0.4—0.5 cm. The rashes are localized
symmetrically on the skin in the shoulders, trunk, hips
and shins area, with a greater density in the back area
(Fig. 1, 2). The spots aren’t elevated above the skin
surface.

Fig. 1. Monomorphic type of MPCM. Rashes in the back area
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Fig. 2. Monomorphic type of MPCM. Rashes on the skin of the
lower extremities

Darier’s sign is positive with the formation of
persistent hyperaemia and a blister. Visible mucous
membranes, hair, nail plates on the hands and feet are
not affected. Peripheral lymph nodes are not enlarged.
Persistently red and urticarial dermographism.

Dermatoscopic examination of monomorphic rashes
in spotted elements shows an increase in yellow-brown
colour, maintenence of skin appendages, unchanged
vellus hair shafts, pseudo-pigmentary network, a weakly
pronounced vascular pattern of an asymmetric nature,
moderate erythema in surrounding areas (Fig. 3).

Fig. 3. Dermatoscopic picture of rashes
of monomorphic type MPCM

DERMATOLOGY

The SCORMA index was 36 points. When assessing
the skin process on a paediatric scale, the 2nd degree of
severity was determined (moderate symptoms controlled
by antimediator drugs). Systemic risk assessment on
the scale of REMA SCORE = 4 (SCORE>2 — high
risk of clonal mastocytosis).

Laboratory and instrumental studies

Clinical blood test dated 04.27.23: erythrocytes —
5.6x1012 g/l (norm 4-5,3%x1012 g/1), haematocrit —
47.8 % (norm 35-47 %), haemoglobin — 163 g/l (norm
130-160 g/1). The remaining indicators are within the
age norm.

Biochemical blood test dated 04.26.23:
glucose — 5.94 mmol/l (norm 3.5-6.1 mmol/L),
ALAT —11.9 U/l (norm 0—41 units/l1), ACT—18.3 U/l
(norm 0—-40 units/1), alkaline phosphatase — 68 U/l
(norm 40-130 U/), total bilirubin— 11.4 mmol/l (norm
3.4-18.8 mmol/1). All indicators are within the age
norm.

Tryptase (ImmunoCAP) dated 06.27.2023:
12.7 mcg/l (norm < 11.0).

cKIT gene mutation detection in blood serum dated
06.27.23: mutation was not detected.

Ultrasound examination of abdominal organs dated
06.21.2013: echographic signs of dyscholia, gallbladder
deformity, hepatomegaly due to the left lobe.

Histological examination

Histological examination of skin biopsy
material dated 01.06.23 (Fig. 4): a fragment of
skin without subcutaneous fat. The epidermis is
slightly thickened, its layers are differentiated,
pigmentation of keratinocytes of the basal layer
of the epidermis shows no signs of pigment loss.
There is moderate lymphomonocytic infiltration
around the vessels of the superficial plexus, in
which, with additional coloration with toluidine
blue, a significant admixture of tissue mast cells is
determined (Fig. 5). Collagen fibers without signs
of structural changes. In the reticular layer of the
dermis there are fragments of adnexal structures of
the usual histological structure.
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Fig. 4. A fragment of skin without subcutaneous fat.
Hematoxylin-eosin staining, magnification x 200

Fig. 5. A fragment of skin without subcutaneous fat. Toluidine
blue staining, magnification x 200

Conclusion: within the biopsy, pathological changes
correspond to mastocytosis.

Consultation of a neurologist dated 04.07.23:
vegetative vascular dystonia according to vagotonic
type. Multiple syncopation. Sleep disturbance. Anxiety.

Discussion

Managing children with cutaneous mastocytosis
is a difficult task for a doctor. The variability of the
clinical picture often leads to an erroneous interpretation
of rashes with mastocytosis or ignoring these elements,
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especially considering the rarity of the pathology. There
is evidence that the average time between the onset
of the disease and the final diagnosis with subsequent
initiation of treatment is 7 years [15]. In the clinical
case presented by us, the diagnosis of mastocytosis was
made 5 years after the appearance of the first rashes.

The presence of concomitant extracutaneous
manifestations such as loss of consciousness and
hypotension, headache accompanied by nausea, abdominal
pain, diarrhoea attacks, rapid fatigue with physical and
mental exertion became an obstacle for the prescription of
the necessary antimediatory therapy. Analysis of anamnestic
data, interpretation of primary morphological elements
with the Darier-Unna phenomenon, dermatoscopic and
pathomorphological examination allowed us to form
a correct clinical diagnosis.

There is a well-established opinion that in children,
the manifestations of CM disappear before or during
puberty. In the last twenty years, this theory has been
refuted by clinical studies. It has been shown that if
the disease persists after adolescence, then in about
10 % of cases there is a transformation into a systemic
process [16, 17].

In the patient we observed, a late debut (at 12 years
old), the presence of extra-cutaneous symptoms of the
disease, episodes of anaphylaxis, an elevated level of
tryptase caused alertness regarding the development of
a systemic form, thus, ultrasound examination of the
abdominal organs was performed and the presence of
a mutation in the cKIT gene in peripheral blood was
determined.

Despite the absence of mutations in the cKIT gene,
further dynamic monitoring of the patient should be
continued. Prescription of antimediator therapy is
mandatory for elevated levels of tryptase and the
presence of itching.

Thus, the combination of clinical and laboratory
data allows minimizing the number of invasive
procedures in children with CM. Assessment of the
tryptase level, determination of mutations in the
cKIT gene and ultrasound examination of abdominal
organs can be useful for timely diagnosis of systemic
mastocytosis, which allows correction of the disease
status and drug therapy.
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Conclusion

Cutaneous and systemic forms of mastocytosis
are a serious interdisciplinary problem. Numerous
symptoms associated with degranulation of MC, such
as flushing, anaphylaxis, abdominal cramps, diarrhoea,
vomiting, runny nose, aggressive behaviour, anxiety,
and others, in practice are extremely rarely associated
by clinicians with mastocytosis. The situation is
complicated by the lack of Russian clinical guidelines
for the treatment and follow-up of patients. The lack of
response of rashes to antimediator therapy significantly
reduces the quality of life and socialization of children
and adolescents suffering from mastocytosis. Therefore,
a timely correct analysis of the anamnesis and clinical
picture in combination with a dynamic assessment of
laboratory and instrumental studies is important for the
development of dynamic monitoring and treatment of
patients with CM.
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Oco06eHHOCTU KJIMHUYECKOro TeyeHus MOHOMOpd)HOFO TMNa
MATHUCTO-NANyJ1Ie3HOro KOXXHoro MmacToLuTo3a

E.A. Kacuxuna'? g, AJSIL. Hapa® ', M.H. OctpernjoBa® ,
0O.B. XKykoBa"? ', M.A. KouerkoB' ', P.A. XaHn(pepbsan’

"MOCKOBCKHI Hay4YHO-TIPAKTUYECKHIA LIeHTp JepPMaTOBeHEepOIOTMU M KOCMETOIOruH, 2. Mockea, Poccutickas ®edepayus
PocCUICKMI YHMBEPCUTET pyKObl HApoJIoB, 2. Mockea, Poccutickas ®edepayus
> kasprof@bk.ru

AnHoTanys. AkmyaibHocmb. MoHOMOP(HBIN BapUaHT TeueHUs! TISITHUCTO-TIAITy/Ie3HOro KoKHOro Mactoruro3a (ITTITKM) 6bin
Bbl/le/IeH OTHOCUTE/ILHO HelaBHO. Y JieTeld 1 MofIPOCTKOB ¢ MOHOMOP(HBIM THroM TITTKM (maTTepH B3poC/Ioro TWIa) KIMHWUecKre
TIPOSIB/IEHUS B fa/ibHeMIIeM COXPaHsIOTCS BO B3pOC/IOM BO3pacTe U MOTYT TPaHC(OPMHUPOBAaThCsl B CUCTEMHBIN MTPOLeCC, UYTO
oripefiesnsieT HeoOXOAUMOCTh Pery/sIpHOTO HaOJTFOIeHusI 3a JaHHOW KaTeropye nalueHToB. Lleab. [IpoaHamu3upoBaTth JJaHHbIE
pe3y/bTaToB KIMHUKO-/1ab0paToOpHOTO Y MHCTPYMEHTA/ILHOTO MCCIeA0BaHusl y MOAPOCTKA ¢ MOHOMOP(dHBIM Trriom [TITKM.
Mamepuan u MmemooObl. B cTatbe npe/iCTaBleHbI pe3y/bTaThl HAbMIOeHNs MalieHTa-ogpocTKa B 'BY 3 «MOoCKOBCKHUH LieHTpe
[lepMaTOBEHEPOJIOTUH M KOCMEeTOJIOTHUI». [1py KITMHUKO-1abopaTtopHOM 00C/IeI0BaHUH 1 NTAaTOMOP(OIOrMYeCKOM MCC/IeJOBAHUM
611 onpezienieH MoHoMOpGHIH TN [TITKM. TTporiecc 6b11 NpeficTaB/ieH MHOYKECTBEHHBIMU BBICBHITIAHUSIMU Ha KOXKe TY/IOBHUIIA
1 KOHeyHOCTeil. @eHoMeH [lapbe MOM0KATEeNbHbIN. YPOBEeHb CbIBOPOTOUHOM TPUIITa3kl y MaljlieHTa MpeBkliiaa BO3PaCTHYIO
Hopmy. TTo3anuii ne6toT (B 12 neT) 3aboeBaHysl, TIOBBILIIEHHBIN YPOBEHb TPUIITA3bl, HEBPOJIOTHUECKHE CUMITTOMBI, PUCK Pa3BUTHsI
aHa(UIaKCUU BbI3bIBA/IM HACTOPOXXEHHOCTh B OTHOIIIEHHUH Pa3BUTHSI CUCTEMHOM (DOPMBI, B CBSI3U C YeM OBbIJIM MPOBeeHbI
YABLTPa3ByKOBOE UCC/IeA0BaHUE OPraHOB OPIOIIHOM MOJIOCTH U oTpe/iesieHre Hannuus myTauud B rede KIT B nepudeprueckoit
KpoBH. 3akmoueHue. CoueTaHye KIMHIYEeCKUX U 1TaDOPaTOPHBIX IaHHBIX TI03BOJISIET MUHUMU3HPOBATh KOTMUECTBO MHBA3UBHBIX
nipotieyp v geteil ¢ KM. OuieHKa AMHAMUKY YPOBHSI TPUIITa3bl, onpesiesieHe MyTtaluii B reHe KIT u ¥Y3-uccnenoBanye opraHoB
OPIOIIIHOM MOJI0CTH MOTYT OBITH TOJIE3HBI 17151 CBOEBPEMEHHOM /JUarHOCTUKHA CUCTEMHOTO MaCTOLIUTO3a, UTO TI03BOJISIET TPOBO/IUTh
KOPPEeKIUIO cTaTyca 3ab0/1eBaHus M JIeKapCTBEHHYIO TEPAIvio.

KiroueBble c/10Ba: MSTHUCTO-TIAMY/e3HbIA KOKHBIM MacTOLIUTO3, MOHOMOP(HBIH THUII, 1eTH, TIOAPOCTKH, JUarHOCTHKA

HNudopmanys o puHaHCHPOBaHUM. ABTODEHI 3asB/ISIIOT 00 OTCYTCTBUY BHEIIHETr0 (GMHAHCHPOBAHUSL.

Bxknap aBropos: E.N. Kacuxuna, A.f. Haga, O.B. )KykoBa — KOHLIeTIMsI, TUIAaHUPOBaHUe UCCIe[0BaHus, COOp U cUCTeMa-
TH3allys JaHHBIX, HarMcaHue Tekcra. M.A. KoueTKoB — (hOTOZ0OKYMEHTHPOBaHUE U epMaTOCKOIIHS, OIMCaHue pe3y/bTaToB
nccienosanus. M.H. OctperioBa, P.A. XaHbepbsiH — HamucaHe U pelakTUPOBaHKe TeKcTa. Bce aBTOpbI BHEC/I CyIlleCTBEHHbI
BKJIa/| B pa3pabOoTKy KOHIIEMI1H, IPOBeJieHHe NCCIIe/JOBaHUs U TTOATOTOBKY CTaTbH, MPOYWIN U 0f00pUN GUHANTBHYIO BEPCUIO
niepes; myOIuKaLyen.

HNudopmanys o KOHQINKTe HHTEPeCoB. ABTOPHI 3asIB/ISIFOT 00 OTCYTCTBUM KOH(IMKTOB UHTEPECOB.

JTHUecKoe yTBep)KAeHHe. [IpoBe/ieHue KCCieJ0BaHus COIVIaCOBaHO C JIOKa/IbHbIM KOMUTETOM IT0 3THKe npu ['BY 3 «MockoBcKuii
LleHTp JlepMaTOBEHEPOIOTMM U KoCcMeToiorun» (rpoTtokos Ne 58 ot 31 maprta 2022 roza).

Bnarouapuoc*.m — HEeIprMeHHMO.

HNudopmanmoHHoe coryiacie Ha My0/IMKALMI0 — YYaCTHUKY U ero MatepH Obliia TipefjocTaB/eHa (opMa UHGOPMHUPOBaHHOTO
COIvIacysi, YeTKO 0OBSICHSIIOLIAsI POLieyphl UCC/Ie0BaHMs, PUCKH U MTPaBUIa TIOBeJieHUs B CJTyyae BO3HUKHOBEHHS KaKUX-/TM00
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OPUTMHAJIBHOE UCCJIEJOBAHUE
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YpoBeHb KONMMUHOCTU MUTOXOHApUuanbHon JHK
B Ky/IbTYpasibHOM cpefe SMOPMOHOB YeloBeKa
KaK (paKTop NporHosa HacTyrnJeHus
W NPOJIOHIMPOBaHNA 6epeMeHHOCTH

O.N. JIucunpina ‘z, H.II. MakapoBa ~, A.M. KpacHb1i ~,
A.H. EkumoB , A.JO. Pomanos , H.B. losrymuna

HarpioHaneHbIH MeIULIMHCKUN MCC/Ie0BaTeNbCKHUN LIeHTP aKylIepCTBa, THHEKOJIOTUH U TTepUHATOIOT I
VMeHH akafiemrika B.J. KynakoBa MunyicreperBa 3paBooxpaHenust Poceriickoit @eneparyn, 2. Mockea, Poccutickas ®@edepayus
> o_yazykova@inbox.ru

AnHoOTanma. AkmyanibHocmb. KitoueBoit ¢pakTop, OKa3bIBalOLMH BIUsIHUE HA 3G (eKTUBHOCTb MTPOrpaMM BCIIOMOTa-
TeJIbHBIX PEIPOAYKTUBHBIX TEXHOJIOTHMM — 3TO KaueCTBO SMOPHOHA, IePEHOCUMOr0 B MOJI0CTh MaTKH. Llenbs — nu3yueHue
BO3MOKHOCTH MCTIOJIb30BaHMS KOJTMUeCTBeHHOH o1leHKH ypoBHs reHomHoM (rIHK), muroxongpuaneaon JHK (mTJHK)
B oTpaboTaHHO# KynbrypaneHoi cpese (OKC) u MTIHK B TpodakTomepme (TP D) kak MapKépa yCIelHOW UMIUIaHTalUuA
W ripojo/Katolieiics 6omnee 12 Hefenb 6epeMeHHOCTH. Martepuasbl ¥ MeToabl. B uccienoBanve BkaroueHsl 195 o6pasuos OKC
ot 93 map c 6ecriogueM. IlepeHOC pa3MOpO’KeHHOTO SMOPHOHA TIpoM3Be/ieH Y 43 marnueHTok. [IpoaHasu3upoBaH YpOBeHb
rIHK, mTJHK B OKC metogom ITLIP B peansHoMm Bpemeny U MTITHK B T®D Metogom NGS B 3aBUCUMOCTH OT XPOMOCOMHOI'O
cTaryca SMOPHOHOB U MCXOZ0B IIePEHOCOB pa3MopokeHHoro 3MOpuoHa (ITPD) B mosocts MaTK. CTaTUCTUUECKUM aHa/IN3

© JlucunpiHa O.1., Makaposa H.I1., Kpacuerit A.M., Ekumor A.H., PomanoB A.1O., JoarymunHa H.B., 2024

This work is licensed under a Creative Commons Attribution 4.0 International License
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Lisitsyna OI et al. RUDN Journal of Medicine. 2024;28(3)

TPOBOJUJICS B miporpamMme Jamovi. Pe3ynbsratel U 06CyKAeHHe. B 3aBUCUMOCTH OT UCXO/A MepeHoca MaljueHTKH ObITH
pa3zesieHbl Ha IPYIIIBL: 1 Tpyrna — OTpULjaTeNbHbIN pe3ynbTat, n=18; 2 rpymnmna — npogospkatouasics 6osee 12 Hepenb
6epemenHocTh, n=25. MTJHK u rTHK B OKC 0bLTM CTaTUCTUUECKW 3HAYMMO HIDKE B TPYIIIe 2 M0 CPaBHEHUIO C PYMIIOH
1 (p=0,007 u p=0,01, cootBeTcTBeHHO). [Tpu yporHe MTJHK B OKC <95 KOMUii IaHChl HACTYTUIEHUs U COXpaHeHus bepe-
MEeHHOCTH MOBBILIANNCH B 3,2 pasa (95 % [1=1,1-31,6). [IpenoxxeHsl opMysibl TPOrHO3a BEPOSITHOCTU NP0 0/DKAOLLeiicst
HepemenHocTy niocsie TIP3 [/ HenpepbIBHBIX TI0Ka3aresiel (Se mogenu coctaBuna 67,0 %, Sp — 91 %, moijaas noj, KpUuBoi
(AUC — 90,0 %) u bunapHbIx noKa3atesei (Se mogenu cocrasuaa 75,0 %, Sp— 70 %, AUC — 83,8 %). Takum oOpa3om,
ypoBeHb KormiiHOCTH TJHK 1 MTJHK B Ky/ibTypasibHOM Cpe/ie SMOPHOHOB SIB/ISIETCST 3HAUUMBIM TIPOTHOCTHUECKUM (DaKTOPOM
HACTYTJIEHHs] U TPOJIOHTMPOBaHus 6epeMeHHOCTH B iporpammax BPT. B 3aBUCMMOCTH OT MIOUAHOCTH O/1aCTOLUCT ObL
ripoadasnu3uposaH ypoBeHb MTJHK B T®3, rIHK 1 mtITHK B OKC smbpuoHoB B rpynmax 1.1. (symougssie, n=98) u 2.1.
(aneymmongHbeie, n=97). He Ob10 BBISIB/IEHO KaKUX-TMO0 OT/IMYMI B CDaBHUBAeMBIX rpyrinax. BeiBogbl. Ouenka yposHs r/JHK
u MTTHK B OKC MOXeT ObITb OMOMHUTE/TbHBIM HEMHBAa3UBHBIM MapKepoM /i1l 0T60pa 3yIIoN{HOro SMOpUOHa, Hauboee
NepCreKTUBHOIO A1 IlepeHoca B M0JI0CTh MaTKU.

KnrwueBsbie cioBa: BHekserouHast [THK, mutoxoHpuansHas [JJHK, orpaboranHas KynbTypanbHas cpega, OKC,
TpodakTosepma, BPT, kauecTBO SMOPHOHOB

Nudopmanys o puHaAHCHPOBaHUH. ABTOPHI 3asIB/ISIIOT 00 OTCYTCTBUM BHEIIHET0 (PMHAHCHPOBaHMUS.

BkJiaj aBropoB. Kontenius v qu3aiin uccienosanust — O.U. Jlucuiisina, H.IT. Makaposa, H.B. Jonrymuna. Coop v 06pabotka
Matepuana — O.W. JlucunibiHa, A.M. KpacHsiii, A.H. EkumoB. AHanu3 fanHbix — O.U. JTucuubiza, H.B. JonryumHa, A.1O.
PomanoB. Harucanue Tekcra 1 opopmienue cratell — O.U. JlucuiipiHa. PefaktripoBanie — O.U. JTucunbiaa, H.IT. Makaposa

Nudpopmanms o KoHGUINKTe HHTepecoB. ABTOPHI 3asB/SIOT 00 OTCYTCTBUM KOHGIMKTA MHTEPEeCOB.

JTHueckoe yreepxaenue. Vccienosanue o1o06peHo ItuueckuM koMmuteToM rpu @I'BY «HaijuoHabHbIN MeAMLIMHCKUT
HCCle[ioBaTe/IbCKUI 1IeHTP aKyllepCcTBa, TMHEKOJIOTUY U TIepUHaTo/I0TMU UMeHU akajeMuka B.U. KynakoBa» MuHucTepcTBa
3apaBooxpaHenus Poccuiickoit @esepariuu ot 28.10.2021 roga. ITpotoxon Ne 10.

Bnaronapnoc*m — HeIIpuMeHKnMO.

HNudopMuporaHHoe corjiacHe Ha mybomkanuio. Bce yuacTHUKY McceoBaHusI JOOPOBOIBLHO MOAMUCANA UHPOPMHUPO-
BaHHOE COT/IacHe Ha y4yacTHe B UCCIe0BaHUM U 00pabOTKy MepCcoHalbHBIX JaHHBIX COTVIAaCHO XeJIbCUHKCKOM JleKaparuu
BcemupHnoit meguiuHckoi accorariuu (WMA Declaration of Helsinki — Ethical Principles for Medical Research Involving
Human Subjects, 2013).

IMoctynuna 04.03.2024. ITpunsra 16.04.2024.
Jnsa purupoBanusn: JTucuybiHa O.U., Makaposa H.I1., Kpachbiii A.M., Exumos A.H., Pomanog A.FO., [loneywuna H.B.
YpoBeHb KOMUHHOCTU MUTOXOH A pUanbHoN JJHK B KynbTypasbHOM cpefie SMOPHUOHOB UeioBeKa Kak (pakTop MpPOrHo3a HacTy-
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Mitochondrial DNA copy number level in the culture medium
of human embryos as a factor in predicting
the onset and prolongation of pregnancy

Olga I. Lisitsyna g, Nataliya P. Makarova ', Aleksey M. Krasnyi ~,
Alexey N. Ekimov ~, Andrey Yu. Romanov ~, Nataliya V. Dolgushina

Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russian Federation
> o_yazykova@inbox.ru

Abstract. Relevance. A key factor influencing the effectiveness of assisted reproductive technology programmes is the
quality of the embryo transferred into the uterine cavity. The aim is to investigate the possibility of using quantitative assessment
of genomic (gDNA), mitochondrial DNA (mtDNA) levels in spent culture medium (SCM) and mtDNA in the trophectoderm (TE)
as a marker of successful implantation and pregnancy lasting more than 12 weeks. Materials and Methods. The study included 195
SCM samples from 93 couples with infertility. Frozen embryo transfer (FET) was performed in 43 patients. The level of gDNA,
mtDNA in SCM by real-time PCR and mtDNA in TE by NGS was analysed depending on the chromosomal status of embryos
and the outcome of FET. Statistical analyses were performed in Jamovi software. Results and Discussion. Depending on the
outcome of transfer, the patients were divided into groups: Group 1 — negative result, n=18; Group 2 — pregnancy continuing
for more than 12 weeks, n=25. mtDNA and gDNA in SCM were statistically significantly lower in group 2 compared to group
1 (p=0.007 and p=0.01, respectively). When mtDNA levels in SCM were <95 copies, the odds of pregnancy rate and ongoing
pregnancy were increased 3.2-fold (95 % CI=1.1-31.6). Prediction formulas for the probability of ongoing pregnancy after
FET were proposed for continuous (sensitivity was 67.0 %, specificity was 91 %, area under the curve (AUC) was 90.0 %) and
binary (sensitivity was 75.0 %, specificity was 70 %, AUC was 83.8 %). Thus, the level of gDNA and mtDNA copy number in
the embryo culture medium is a significant prognostic factor for the onset and prolongation of pregnancy in ART programmes.
Depending on the ploidy of the blastocysts, we analysed the level of mtDNA in TE, gDNA and mtDNA in the SCM of embryos
in groups 1.1. (euploid, n=98) and 2.1. (aneuploid, n=97). No differences were detected in the compared groups. Conclusion.
Assessment of gDNA and mtDNA levels in SCM may be an additional non-invasive marker for selection of the most promising
euploid embryo for transfer into the uterine cavity.

Keywords: extracellular DNA, mitochondrial DNA, spent culture medium, SCM, trophectoderm, ART, embryo quality
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BesepneHue

['maBHOM 3a/1aueii neueHus HeCriIoAUs MeTOJaMHU
BCIIOMOTaTe/IbHbIX PeMPOAYKTUBHBIX TexHomorui (BPT)
SIBJISIETCSI TIOMOIIIb B HACTYIJIEeHUU OepeMeHHOCTH
Y POX/€HUHU 3710poBoro pebeHka [1, 2]. KauecTBo M-
OpuroHa, epeHOCUMOTO0 B TIOJIOCTh MATKH, SIBJISI@TCS
O/IHAM 13 BayKHEUIINX (DaKTOPOB, BAUSIIOIIMX Ha YCIexX
TIPOBOJMMO}M MporpamMmbl. B KauecTBe KOCBEHHBIX M0-
Ka3aTesiel IMIIaHTAL[MOHHOTO MOTeHI[Ma/Ia SMOPHUOHOB
B KJIMHUYECKOM TNPaKTHKe OLIeHUBAIOT KauyeCTBO M-
OpHOHOB 110 MOP(}OJIOTUH U UX XPOMOCOMHBIH CTaTyC
(ayruiouAHBIN/aHeyTIOUHbIN). O/IHAKO OTJIUYHOE
KaueCTBO SMOPUOHOB T10 MOP(OIOTUY He UCK/TFOUaeT
Ha/IM4usl Y HUX aHeyTJIOMnH, a JJ1s IPOBe/leHNs TeHe-
TUYeCKOTO aHau3a (MperMILIaHTalMOHHOTO FreHeThue-
CKOT0 TeCTHpOBaHus Ha aHeyrionuu (IT1'T-A)) Bcerna
TpebyeTcss UHBa3UBHOE BMeIllaTe/IbCTBO (Haubosee
yacTo — Ouoricust Tpo3KTOIEPMBI), Tpebyroliee 0-
TOTHUTE/IBHBIX BDEMEHHBIX U TEXHUUeCKUX 3aTpar,
Y, BO3MOKHO, OTPULIATeTIbHO BIUSIOLee Ha UMIJIaH-
TallMOHHBIE BO3MOXXHOCTU 3MOpuoHa. Bosee Toro,
0TOOp TOMBKO YIIIOUIHBIX SMOPHOHOB OTJTUYHOTO
KaueCTBa TakK)Ke He rapaHTUPYeT YCIelIHbIN UCXO[,
niporpammMel BPT. YuutsiBasi Beliliecka3aHHOe, 0COOYTO
aKTya/IbHOCTh B HACTOsIIL[ee BpeMst PUoOOpeTaeT MOUCK
HOBBIX HEMHBA3WBHBIX TIOIXOZIOB K CeJIeKL[U1 SMOpHO-
HOB C HaUBBICIIUM UMILJIAHTALMOHHBIM TIOTEHL[A/IOM.

Tak, B KaueCTBe OJHOU M3 BO3MOXXHBIX /IOTOJI-
HUTEbHBIX METOJUK UCCefoBaTeN U3ydatoT BHe-
kietounyto MTJHK B oTpaboTaHHO# Ky/IbTypanbHOM
cpezie (OKC). M3BeCTHO, YTO MUTOXOH/IDHUU B KJIETKE
OTBETCTBEHHBI 3a TPOU3BOACTBO SHEPTMH, IPUHUMAIOT
yuyacTuve B MO ep’KaHUHU KabLIMeBOro roMeoCTasa,
Tpoljeccax OKUC/IeHUSI KUPHBIX KUC/IOT U aronTo3e [3].
IIpeanonaraercs, uto ypoBeHb MTJHK MoxeT oTpakaTsb
SHEpreTUYeCcKylo HarpysKy, YpPOBeHb OKUC/IUTETbHO-
ro CTpecca, a Takke KOMIeHCaTOPHbIe BO3MOYKHOCTU
KJ1eToK. Llenib vccneoBaHmsl — U3yurTh BO3MOKHOCTh

OBSTETRICS AND GYNECOLOGY

VICTI0/1b30BaHMs KOJTMUeCTBEHHOM OL|eHKU YPOBHS re-
HoMHOM (rJHK), mutoxongpuansHor JHK (mTJHK)
B oTpaboTaHHOM Ky/bTypanbHoi cpezie (OKC) u mtJHK
B TpodakTogepme (TPID) Kak Mapképa yCIenTHOM
MMITIaHTaLU U TIpoJoKatolelics 6omnee 12 Hepenb
OGepeMeHHOCTH.

MaTepMaHbI n MeToabl

[Tpoanam3rpoBaHo 195 06pa3rioB 0TpabOTaHHBIX
KynbTypanbHbIX cpesl (OKC) oT 93 cyrnpy»Keckux map
c becrioguieM, 0OpaTUBLLIMXCS [I7Is IPOBeEHUS [IUK-
jia BPT c III'T-A B nepuoy, ¢ ssHBaps 2023 rozga no mapT
2024 roga. Viccnenoanue ofobpeHo Itrueckum Komu-
TeToM 1ipu PI'BY «HMMUL] aKkyiiepcTBa, THHEKOJIOTUU
Y [IePUHATOJIOTUM MMeHU akagemuka B.M. KynakoBa»
Mumnsgpasa P® ot 28.10.2021 roga. ITpotokon Ne 10.
[MTanpeHTHI MOANKMCANA UH(POPMUPOBAHHOE COTJIaCcHe
Ha yyacTHe B UCCJ/Ie[lOBaHUM.

B kauecTBe 1ab0paTOPHOTO KOHTPOJIS KCTIO/b30Ba-
1 16 06pa3LoB Ky/IbTYpasbHOM Cpe/ibl, HAXOASIIXCS
B @HAJIOTUUHBIX YCJIOBUAX KYJIBTHBMPOBaHMs, HO He CO-
Jeprkarye SMOproHbL. Bee 06pasiibl KyabTypaabHOM
Cpe[ibl TIO[Bepraiich KPUOKOHCepBAaLMK rocye cbopa.

OBapuasbHasi CTUMYJISILIUSA, TPaHCBaruHaabHas
MYHKLYs SIMYHUKOB TTPOBOAWINUCE 10 CTaHZAPTHOMN
MeToguKe. OIUI040TBOPEHUE OOLIMTOB BO BCEX CIyvasx
OCYILIeCTB/IS/TM METOZIOM UHTPALUTONIIa3MaThieCKOM
vHBbeKMM B criepmato3on, (MKCH) [4]. Bce arTaribl
Ky/IbTUBUPOBaHUS SMOPHUOHOB U MOP(OJIoTHYeCKast
oLleHKa bacToruct, a Takke c6op OKC npoBoguich
110 paHee OTMMCaHHOW MeTo/vKe [4]. B rccienoBaHue
BKJIFOUeHbI 06pa3ibel OKC 671acTOUMCT, KOTOPBIM
Obl1a BeIMoHeHa 6uoricust TpodakTogepmsbl (TDI)
Y IIperMITIaHTaLjMOHHOe FreHeTHYeCcKoe TeCTUpOBaHue
Ha aHeyTJIOW/IMY 10 PaHee OMKMCaHHOW MeToZAUKe [5].

ITo pe3ynbraram III'T-A yepe3 HeCKOILKO MeH-
CTpyasbHBIX LIMKJIOB 43 naljeHTKaM OblT BBITIOJTHEH
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MepeHocC OAHOTO Pa3MOPOXKEHHOTr0 3YMJIOUJHOTO
smbOpuoHa (ITP3) B mosocTh MaTKu. [IP3D 1 BefeHune
MOCTTpaHC(epHOTro neproza OCyIeCTB/S/IOCh COT/IaCHO
TIPUHATHIM B KJTMHAYECKOW TIPAKTHUKe MTPOTOKO/IaM.

B 3aBucumocTu ot ucxoza ITPO mareHTsl ObLTH
paszjesieHbl HAa TPYNIbL: rpynmna 1 — nanueHTKY,
y KOTOpPbIX OepeMeHHOCTh HaCTyMHIa U MPOo/0JiKa-
nack > 12 Hefens recratuu (n=18), rpynna 2 — na-
LIMEHTKH, Y KOTOPbIX O€peMeHHOCTh He HaCTyTu/Ia
WU TIpepBaJiachk 0 12 Hegenb rectauuu (n=25).
B cpaBHUBaeMbIX rpymnax ObL/IM TTPOAHATM3UPOBAHbI
K/IMHUKO-aHaMHeCTUUYeCKHe JlaHHble, 0COOeHHOCTH
(bonmKynoreHesa, ooreHe3a U paHHero sMOpHroreHesa.

HoronmHuTeIbHO BCe 6/1aCTOIUCTRI ObUTA CTPaTH-
(bULMpOBaHbI Ha TPYIIIbI TI0 HATMYMIO aHEeYTIIOUJUN
(n=195): rpymnma 1.1. — symnouHbIe 6/1aCTOLUCTHI
(n=98), rpymma 2.1. — aHeyIJIouHbIe 6/1aCTOLMCTBI
(n=97).

Inst Bcex 195 nonyuyeHHbIX 6/1aCTOLMCT ObLia BbI-
TOJIHEeHa OL|eHKa YpoBHs konniiHocTy MTIHK B KiieTkax
T®3 u yposus komuiHocTU TIHK 1 MmTITHK B OKC.

OueHka ypoBHs konuiHocTu MTOHK
B TpodakToaepme

Onpegenenue ypoHs kormiiHocTy MT[ITHK B K71et-
Kax Td3 ocyl11ecTBAAI0Ch yTEM HOPMUPOBKU Ha ayTo-
COMBI COTVIACHO MPOrpaMMHOMY obecrieueHHto Seq Vario.
Homto mTIHK B T®3 MCUKCIIIN B OTHOCUTE/IBHBIX
enuHUIIAx (0.e.). Pacyer 3HaueHus orpe/iesisiiiv IyTeM
OTHOLLIEHUS] PUJI0B, BHIDOBHEHHBIX HA MUTOXOH/IPHIO,
K KOJIMYECTBY BCEX PU/OB, BLIDOBHEHHBIX Ha T€HOM
(BCe XpOMOCOMBI MU MUTOXOHZPHUH).

OueHka ypoBHSA konunHocTn MTAHK 1 rOHK
B OTpaboTaHHOW KynbTypanbHOW cpefe

Orpezienenue ypoHs KormiiHocTy rJHK 1 MmTJHK
B OKC ocy11jecTB/s/11 C TTIOMOLLBIO MeTo/a MojiuMepas-
HOW LIeMTHOM peakLyu B peasibHOM BpeMenH (TTIL[P-PB).
Peak1jyo MpoBOAM/II OFHOBPEMEHHO C /JByMst Habopamu
rpaliMepoB Ha BceM o0beme (25 MKIT) MOoTy4eHHOM
KynbTypaabHoU cpesl. [Toacuet konuid MmTJHK npo-
BOJIM/IM T10 paHee OMMCAHHOM MeTofuKe [4].
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Ouenka yposHs r/JHK ripoBoauiacTe B reHOMHBIX
envHuLax. CtaHAapThbl ObUTH TIPUTOTOBJIEHBI U3 JIeH-
KoLMTOB uesioBeka. Konujenrpauus JHK cranzapra
Obls1a ycTaHoBeHa Ha duiyopuMetpe qubit 3.0. [Ins
nipoBefenust [TLIP ucronb3oBam amrmigukarop CFX96
(«Bio Rad», USA). TemnieparypHblii npo¢dr/Ib peak-
umu: 95 °C 5 muH; 40 upknos: 95 °C 10 c., 60 °C 30 c.
Vcrionb30BaHHbBIe TTpaiiMepsl MpeCTaB/ie bl B Tabm. 1.
TTpaiimeps! 66UTH TTOA0OPAHBI C TIOMOLLIBEO TIPOTPAMMHOTO
obecrreuenns Lasergene-Software (DNASTAR, Madison,
Wisconsin, USA) BbI60Op MPOMCXOIWIT UCXOAS U3 MaK-
cumanbHOU 3¢ dekrrBHOCTU [TLP, paiimeps! Obu1H
IIPOBepeHbI Ha OTCYTCTBUE a/IbTePHATHBHBIX ITPOLYKTOB
ripu iomo1u BeG-cepBepa BiSearch [6]. [TonyuyeHHbIe
JlaHHbIe (TroopecLieHLK ObI/TU TIepecurTaHbl B abco-
JIFOTHOE KOJTMYeCTBO KOIHUM C TIOMOLLIbIO TPOrPaMMHOTO
ob6ecrieuenus: amrutudukaropa CFX96 BioRad.

Ta6nuya 1/ Table 1

MocnepoBaTenbHOCTH NpaiiMepoB 1 30HAOB /
Sequences of primers and probes

Mpanmep/
30HpA /
Primer/
Probe

leH /

MocnepoBaTtenbHOCTb / Sequence
Gene A q

Mpainmep

npsimoi /
Forward
primer

CACAGACTGCCTGGAATC

Mpanmep

o6paTHbIN

/ Reverse
primer

CHR1 TCCATCTGTCTGTGAAGTGA

30HA, /

(ROX)ATCTCTAGAAAACTTCTAGAAGAGCTTCA(BHQ2) Probe

Mpainmep

npsimoi /
Forward
primer

CCACATCTACCATCACCCTC

Mpanmep

o6paTHbIN

/ Reverse
primer

MITH TAGAATAAATAGGAGGCCTAGGTT

30HA /

(R6G)ATCACCGCCCCGACCTTAGCTCTCA(BHQ2) Brobe

AKYWEPCTBO M TMHEKOOT NA
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CraTtuctunyeckas ob6paboTka faHHbIX

CratrcThYeCKuii aHaIn3 MPOBOAU/ICS B IPOrpaMMe
Jamovi. [ onrcaHus KaTeropuaabHbIX OWHAPHBIX
JIAHHBIX WCTI0/Ib30Ba/ M abCOFOTHBIE 3HAYEHUS U TTPO-
L[eHTHbBIE [JOJIX OT OOIIlero Yucsia B rpyrie. AHaau3
KaueCTBEHHBIX MPU3HAKOB TIPOBOJW/IM C TIOMOLIBIO >
[MupcoHa. []ns cpaBHeHUs OMHAPHBIX JAHHBIX MepOo
cpaBHeHwus siBuiock OII ¢ 95 % moBepUTe/TbHBIM WH-
TepBasioM (95 % ). MeToz, TOTMCTAYECKOM Perpeccuu
MCII0/1b30BafICsA npu pacyete OIL  a7st KOHTpO/IsA
KOH(ayHepoB. HernpepbIBHbIE TTIepeMeHHbIe ObUTH
Tpe/iCTaB/eHbl B BU/le MeJMaHbl ¥ MeXXKBapTU/IbHBIX
3HaueHui (Me(Q1-Q3)). C uesnbio onpeesieHus CTa-
TUCTUYECKOW 3HAUMMOCTH Pa3/inuuii HellapameTpuue-
CKHUX JJAaHHBIX ObLT BEIOpaH KpUTepuii MaHHA — YUTHH.
[Tpu npoBefenr ROC-aHamM3a pacCUUTHIBaIN MOPOT
otceuky, romaas nog ROC-kpusoii (AUC), paccuu-
TBhIBa/IM YYBCTBUTEILHOCTS (Se) u crieriupruuHOCTh (Sp)
Mozienii. BelMurHy OpOroBOro ypoBHSI 3HAUMMOCTHU
p npuHuMan u pasHoii 0,05.

Pesynbratbl 1 obcyxaeHue

B uccrenoBanve BKmodeHo 211 06pastioB Ky/IsTypaibHON
cpezpl: 195 00pa3tioB, cofepkarux 3MOpHoH, oT 93 cympy-
KeCKHX map, ¥ 16 00pa3IioB — B KaueCTBe KOHTPOJIS.

KnuHnyeckas xapakTepucTUKa nauueHToK,
KOTOPbIM 6bi/1 BbINOJIHEH NepeHoC
pPa3MOpPOXKEHHOro aM6pUOHa

[Mocne TIPS GepeMeHHOCTH HACTyTM/IA Y 22 TTAIU-
€HTOK, HO y 4 U3 HHX [IPOM30LLIe/T CAMOIIPOU3BO/IbHBIN
BBIKH/IBIII 710 12 Hezleslb GepeMeHHOCTH, TI03TOMY OCHOB-
Hyto rpymmy 1 coctaBrm 18 narieHToK € MpoJo/DKaro-
mieiics >12 Hesienb OepeMeHHOCTBIO, TPYTIITY CPAaBHEHHUS
2—25 TalYeHTOK C He HaCTYTMBILIeN WU NpepBaBLLIekCs
OGepeMeHHOCThI0. XapaKTepUCTHUKH TPYTIIT MAllueHTOK
Tnipe/icTaB/ieHbl B Tabs. 2. TTaiieHTKY rpyris! 1 oT/iu-
Ya/TUCh OT MALMEeHTOK IPYIIIBI 2 TeM, UTO Y HUX ObLIIO
MeHbl11e abOpTOB U O0sTee IyTUTe/TbHBIHN MepUOZ, OeCTUIOAKST
B aHAMHe3e, a TAKKe B 3 pa3a yallle BbISB/IsIIACh MUOMA
MaTku. Takke B rpyririe 1 B 2,8 pa3 yaitie Nporu3BOAUIICS
TiepeHoC SMOpPHOHA OT/IMYHOTO KayecTBa.

Ta6nuya 2 / Table 2

XapaKTepuCTUKM NaLUeHTOK, KOTOpPbIM 6bin BbinonHeH NP3, B 3aBUCMMOCTY OT HAcTYMJIEHUs1 U NPOJIOHIMPOBaHUs 6epeMeHHOCTH nocne
BPT (n=43) / Characteristics of patients who underwent FET depending on the onset and prolongation of pregnancy after ART (n=43)

Mpynna 1 (6epeMeHHOCTb+) Mpynna 2 (6epeMeHHOCTb-)
Mapametp / Parameter n=18/ Group 1 (pregnancy+) n=25 / Group 2 (pregnancy-) p
n=18 n=25
Bo3pacT, aHTponomeTpuyeckume AaHHble, BpefHble npusbluky / Age, anthropometric data, bad habits

BospacTt** / Age** 35(31-37) 36 (34-41) 0,14
NMT** / BMI** 22 (20,3-23) 21 (20-24) 0,38

MeHcTpyanbHbIv UMK U penpoaykTueHas @yHkums / Menstrual cycle and reproductive function
Yucno 6epemeHHocTei*** / Number of pregnancies*** 0(0-4) 0(0-6) 0,12
Yucno pogos*** / Number of births*** 0(0-2) 0(0-3) 0,28
Yucno aboptoB*** / Number of abortions*** 0(0-0) 0(0-3) 0,03

AHaMHe3 ruHekonorunyeckux 3a6onesaHuit / History of gynecologic diseases

3aboneBaHus Weikn maTtkn* / Cervical diseases* 4(22,2 %) 9 (36 %) 0,33
ApeHomMunos n/vnun HIF3* / Adenomyosis and/or EGE* 6 (33,3 %) 8(32%) 0,93
Muoma maTku* / Uterine myoma* 7 (38,9 %) 3(12%) 0,04
Monun sHpomeTpus* / Endometrial polyp* 6 (33,3 %) 10 (40 %) 0,65
CMnKs* / PCOS* 1(56 %) 0 0,23

OBSTETRICS AND GYNECOLOGY
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Ipynna 1 (6epeMeHHOCTb+) Mpynna 2 (6epeMeHHOCTb-)
MapameTtp / Parameter n=18 / Group 1 (pregnancy+) n=25 / Group 2 (pregnancy-) p
n=18 n=25

AHaMHe3 rMHeKonornyeckunx onepaTuBHbIx BMewwatenbcTs / History of gynecologic surgical procedures

Ty63kTomusa* / Tubectomy* 2(11,1 %) 4(16 %) 0,65

Mctepockonus* / Hysteroscopy* 12 (66,7 %) 11 (44 %) 0,14

OI'IepaTVIBHbIe BMellaTe/IbCTBa Ha siMyHMKax* / Ovarian

surgery* 5(27.8 %) 2(8%) 0,08

AHaMHe3 3a60s1eBaHNsA Ha MOMEHT LiMKJ1a oBapuanbHoii ctumynaumm / Medical history at the time of the ovarian stimulation cycle

MepBryHoe 6ecnnogue* / Primary infertility* 10 (55,6 %) 10 (40 %) 0,31
OnuTtenbHocTb 6ecnnopus, net** / Duration of infertility, years** 5(3,5-8,7) 2 (1-5) 0,04
YpoBeHb AMI, Hr/mn** / AMH level, ng/mL** 1,4(0,8-3,2) 2,1(1,5-3,6) 0,47

XapaKTepucTUKM NPOTOKOa oBapuanbHoi cTuMynsaumum / Characteristics of the ovarian stimulation protocol

Homep nonbiTku 9KO** / IVF number** 3(1-5) 2(1-4) 0,36
o . .
ﬂ,J.WITenI?HOCTb CTUMYNALMK, AHeir** / Duration of ovarian 10 (9-11) 10 (9-11) 0,90
stimulation, days**
K%k
CyMMapHas fo3sa roHagoTponuHoB, ME** / Total dose of 1800 (1500-2156) 1650 (1500-2400) 0,88

gonadotropins, |U**

XapaKTepucTUKM aMBPMONIOrMYecKoro atana Luksia oBapuasibHon CTUMynsauum /
Characteristics of the embryologic stage of the ovarian stimulation cycle

Yucno 3penbix oountoB** / Number of mature oocytes** 6(3-12) 6(5-11) 0,71

Yucno surot** / Number of zygotes** 5(3-10) 6(4-11) 0,48

XapakTepuctuku ambpuoHoB / Characteristics of embryos

9kcnaHeua 6nacTouncTbl Ha 5-e cyTkun* / Blastocyst expansion

on the 5th day* 13 (72,2 %) 15 (60 %) 0,41

MepeHoc 6nacTouncTbl OTAMYHOrO KayecTsa* / Transfer of

excellent quality blastocyst * 8 (44,4 %) 4(16 %) 0,04

[pumeydarue: abe (%), x2-TecT, ** Me (Q25-Q75), *** Me (min-max), TecT MaHHa — YUTHU, CTAaTUCTUYECKM 3HAYMMbIE OTINYNA
rpynnbl T oT rpynnbl 2 (p<0,05); UMT — nHaekc maccbl Tena, HI'3 — Hapy»KHbI reHuTanbHblin aHaoMeTpros, CMKA — cnapom
MOJIMKNCTO3HbIX AUYHUKOB, AMIT — aHTUMIONNEPOB FOPMOH.

Note: *abs (%), x2 test, ** Me (Q25-Q75), *** Me (min-max), Mann — Whitney test, significant differences between group 1
and group 2 (p<0.05); BMI —body mass index, EGE — external genital endometriosis, PCOS — polycystic ovary syndrome, AMH —
anti-mllerian hormone.

CpaBHeHMe KIMHUYeCKUX UCXO0/ 0B, YPOBHS KO- Ha niepsoM 5tarie BbINOMHWIN aHaau3 yposHsa JJHK
nuiiHoct MTJHK B Knetkax Tpodakrogepmel, r/IHK B OKC B cpaBHeHMM C KOHTPOIbHBIMU KaryIsIMU (KOTO-
u MT/JHK B 0TpaboTaHHO Ky/lbTypaibHOM Cpefie SM-  pble HaXOAW/IUCh B TeX e YC/IOBHSX Ky/TbTUBUPOBAHMS,
OPHMOHOB ITOC/Ie TIepeHOCa Pa3MOPOYKEHHOT0 SMOpPUOHA.  HO He cojiepyKaiu SMOpHoH) (Tabs. 3).
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Ta6nuya 3 / Table 3

YpoeeHb konuitHocTu rAHK n mTHK B OKC B Kannsx, cogep)xalux SM6pPUOH, U KOHTPONIbHbIX Kannsx /
Copy number levels of gDNA and mtDNA in SCM in embryo-containing droplets and control droplets

_ _ KoHTponbHble kanam n=16 /
MapameTp / Parameter AM6pUoHbI N=195 / Embryos n=195 Control drops n=16 p
MTAHK B OKC / mtDNA in SCM 134 (50,0-256) 32,2(10,6-63,9) <0,001
MTAOHK/rOHK / mtDNA/gDNA 11,4 (6,47-26,1) 2,52 (1,36-7,92) <0,001

Mpumeyvarme: Me(Q25-Q75), TecT MaHHa — YUTHK, CTATUCTUYECKM 3HAUMMbIE OTAINYMA MexXay rpynnamm (p<0,05); OKC — oTpaboTaHHas
KyneTypanbHas cpega, MTAHK — mutoxoHapuansHas AHK, rAHK — reHomHas OHK

Note: Me(Q25-Q75), Mann — Whitney test, significant differences between groups (p<0.05); SCM — spent culture medium, mtDNA —

mitochondrial DNA, gDNA — genomic DNA

Yposens konuiiHOCTH MTAHK 1 MmTJHK/rIHK
B OKC 0ObIT CTaTUCTUYECKH 3HAUYMMO BBIILIE, UeM B KOH-
TPOJIbHBIX Karuisax. YuuteiBag, yto MTIHK v rJHK
B OKC 0bl/1a TakKe JeTeKTUPOBaHa B KOHTPOIBHBIX
Karvisx, ciefyeT NpeArnooKUTh BOSMOXKHOCTb He-
KOTOPOM KOHTaMUWHAL[MU Ha SMOPHOJIOTHYeCKOM WUJTH
naboparopHoMm 3Tarnax. Bo3Mo)KHbIe IPUUKHBI KOH-

TaMUHALU U MeTOABI ee MPOGUIaKTHKH 00CYKeHbI
B MPebIAYIINUX UCC/IeN0BaHUSX [4].

Hanee ypoBens konuiiHOCTA MTIHK B KneTkax
T®3, rIHK u mTIHK B OKC 5M6prioHOB Ob11 IpoaHa-
JI3UPOBAH B 3aBUCUMOCTH OT (haKTa Mpoi0/DKaroILecst
K/IMHUYeCKOol 6epeMeHHOCTH >12 Hefie/ib — B IPyTITax
1u 2 (Tabn. 4).

Ta6nuya 4 / Table 4

Ypogeenb konuitHocTu rAHK, MTAHK, mTAHK/rAHK B OKC, MTAHK B T®3
B 3aBMCUMOCTM OT NpogosKalowelica >12 Heaenb 6epeMeHHocTy nocne NP3 /
Copy number levels of gDNA, mtDNA, mtDNA/gDNA in SCM, and mtDNA in TE as a function of continued >12 weeks gestation after FET

MNapameTp / Parameter

Ipynna 1 n=18/ Group 1 n=18

Ipynna 2 n=25/ Group 2 n=25 p

MTIHK B T3 (0.e.) / mtDNA in TE (relative units) 0,002 (0,002-0,003) 0,002 (0,001-0,003) 043
rAHK B OKC (uncno konwit) / gDNA in SCM (copy number) 4,1 (3,5-6,6) 9,0 (6,3-17,8) 0,01

MTOHK B OKC (4ncrno komuit) / mtDNA in SCM (copy number) 49,3 (20,7-126) 264 (154-382) 0,007
MTIHK/rOHK B OKC / mtDNA/gDNA in SCM 8,6 (54-27,5) 17,2 (9,9-55,4) 0,09

lNpumedarme: Me(Q25-Q75), TecT MaHHa — YWUTHW, CTAaTUCTUYECKM 3HAUYMMBbIE OTANYKNS Mexay rpynnamu (p<0,05); TO3 —
TpodakToaepma, OKC — oTpaboTaHHasa KynbTypanbHas cpefa, MTAHK — muTtoxoHapuansHaa AHK, rAHK — reHomHaa HK

Note: Me(Q25-Q75), Mann — Whitney test, significant differences between groups (p<0.05); TE — trophectoderm, SCM — spent

culture medium, mtDNA — mitochondrial DNA, gDNA — genomic DNA

Ypogensb kKormitHoctr MTIHK 1 r/THK B OKC Ob11
CTaTUCTUYECKU 3HAYMMO HYDKe B rpyrre 1 (mpojosmka-
foriasicsi 6epeMeHHOCTE >12 HeZiesb) 10 CPAaBHEHHUIO
¢ rpynmnoit 2. Otimuuii B ypoBHe KonuitHocTH MTIHK
B T®D BhIsIB/IEHO He ObLIO.

bei1 mpoBeseH MHOTO(aKTOPHBIN aHaIA3 /s
onenku OIII = mpogo/Karoencs bepeMeHHO-
cTu > 12 Hepmenb MocJje MepeHoca 3yMJIOUAHOTO

OBSTETRICS AND GYNECOLOGY

5MOpHOHA C yYeTOM BBISIBIeHHBIX KOH(ayH/|epOB:
4ync1o abopToOB B aHaMHe3e, [JIUTe/IbHOCTh OeCriiofus
Y 4acTOTa MUOMBI MaTKH, Ka4yeCTBO IIepeHOCUMOTI0
sM6pHoHa. Bbu co3zaHbl MoZieny MPorHo3a Mpozos-
)Karorlelicsi 6epeMeHHOCTH, B KOTOPOM CTaTUCTHUYe-
CKOM 3HAYMMOCTBIO 00/1a/1anu cieAytoiiye (HaKkTophl:
MTAHK u rIHK B OKC 1 KaueCTBO 1epeHoCcUMoro
sMOpHoHa.
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[nst kaxkoil kommuecTBeHHOM BenunHbl (MTJHK
B OKC, rIHK B OKC) 6bI11 Haii/ieH MOpOT OTCEUKHU:
st mTJHK B OKC oH cocraBun 95 komuii (Se=66,7 %,
Sp=80 %, AUC=73 %, p=0,008), nsss rJHK B OKC —
5 konu#i (Se=58 %, Sp=85 %, AUC=71 %, p=0,01).
OIII,  HaCTyIIeHUs U IIPONIOHI NPOBAHMUS bepemeH-
Hoctu nipu ypoBHe MTJHK B OKC <95 komnuii ¢ yyue-
TOM YKa3aHHbIX KOH(ayHJepoB coctaBui 3,2 (95 %
In=1,1-31,6).

Brina nonyuena cneayrouas popmysia Mpor1osa
BEpOSITHOCTH TPOZO/IKAIOLIIelcsi 6epeMeHHOCTH TIoce
[TP3 c BK/IHOUEHHEM KOJIMUeCTBEHHBIX MMOKa3aTesnein
(Se mogenu cocraBuna 67,0 %, Sp—91 %, nyonaab
nioz, kpuBoit (AUC) — 90,0 %) (dbopmyna (1), puc. 1).

Exp [0,52-0,002* mtDNA -0,16* gDNA +2,0*Kau]
1+ Exp [0,52-0,002* mtDNA -0,16* gDNA +2,0*Kav]

(D

Pmm=( )ﬂ%%
rae P(MB) — BeposSTHOCTb MpO/j0/DKaroleics bepe-
MeHHOCTH 11ocjie ITP3; Exp — 3KcrnoHeHTa; MTOHK —
konuiiHOoCTh MTJHK B OKC; rAHK — KOTIMMHOCTD
rIHK B OKC; Kau— repeHoc 6/1aCTOLMCTBI OT/IMYHOTO
KayecTBa

P(PB) = Exp [0,52-0,002*mT[1HK -0,16*r [1HK+2,0* quality] *100 %
(1+ Exp [0,52-0,002*MTAHK -0,16*rAHK+2,0*% quality])

(D

where P(PB) is the probability of continued pregnancy
after FET; Exp — exponent; mtDNA — mtDNA copy
number in SCM; gDNA— gDNA copy number in SCM,;
quality — transfer of excellent quality blastocyst

Kpowme Toro, 6pi1a omyueHa cieayroiias Gpopmysa
MPOTHO3a BEPOSTHOCTH TPOAI0/IKatoIIekicst bepeMeHHO-
ctu rocyie ITP3 ¢ BKIFOueHreM OWHAPHBIX MTOKa3aTesei
(Se mogenu cocraBuna 75,0 %, Sp— 70 %, nyiomiaab
noz; kpuBoi (AUC) — 83,8 %) (dbopmyna (2)).

)

P(MB) = ( Exp [-1,14+1,5*MTHK<95+2,4*r [IHK<5+1,2*Kau]

*100 %
T+ Exp [-1,14+71, 5T HK<05+2, 4% IHK<5+1,2*Kau]

e P(MB) — BeposSTHOCTb TIPOZO/DKAOIIEHCS: GepeMeHHO-
ctu riocyie ITP3D); Exp — 3KCIOHeHTa; MTAHK — KOIMAIHOCTh
mtJHK B OKC; rAHK — kormiiHOCTh TJTHK B OKC;
Kay — riepeHOC 6/1aCTOLIMCTBI OTIMUHOTO KaueCTBa
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P(PB) = ( Exp [-1,14+1,5* mtDNA <95+2,4* gDNA <5+1,2 quality] )*1 00 %

1+Exp [-1,14+1,5* mtDNA <95+2,4* gDNA <5+1,2* quality]

)

where P(PB) is the probability of continued pregnancy
after FET; Exp — exponent; mtDNA — mtDNA copy
number in SCM; gDNA— gDNA copy number in SCM,;
quality — transfer of excellent quality blastocyst

Puc. 1. ROC-kpuBas ana Moaenn OLEHKM BEPOSTHOCTM
npopomkatoLLencst 6epeMeHHoCTY (>12 Hefenb) nocne
nepeHoca aynaoMaHOro aM6pMOHa B 3aBMCMMOCTY OT YPOBHS
konumHoctn MTAHK 1 rJHK B OKC

Fig. 1. ROC curve for a model to estimate the probability of
ongoing pregnancy (>12 weeks) after euploid embryo transfer
as a function of mtDNA and gDNA copy number levels in SCM

HononHuTeb-HO OBLT TPOAHAM3UPOBaH YPOBEHb
kormiiHocTd MTJHK B knetkax T®3, rIHK u mTJHK
B OKC 5MOpHOHOB B 3aBUCUMOCTH OT TIJIOUHOCTH
Gnacrorwmct — B rpyrmax 1.1. u 2.1. (tabsn. 5). He 6b110
BBISIBJIEHO KaKUX-IMOO OT/TMUYN B CPaBHUBAeMBbIX
rpymnnax.

B nipecraBieHHOM paboTe U3yuanach 3aBUCUMOCTb
MeXX/y XapaKTepUCTUKaMH MalMeHTOK, XPOMOCOMHbBIM
crarycom 3mMbpuoHoB 1 ypoBHeMm TIHK u mTIHK
B OKC, a takke ypoBHeM MT/JHK B Td3. B KauecTtBe
KOHTPOJIS1 UCTI0/Tb30Basicst ypoBeHb MTIHK B o6pasijax
Ky/bTypaabHOMN Cpefibl, He cofieprKaliieil SMOPHOHbI
Y HaXOJMBILIEKCS B TEX JKe yC/IOBUSIX.

AKYWEPCTBO M TMHEKOOT NA



Lisitsyna OI et al. RUDN Journal of Medicine. 2024;28(3)

Ta6nuya 5/ Table 5

YpoeeHb konuitHocTu rAHK n mTAHK B OKC, MTAHK B TO3 B 3aBMCMMOCTM OT NAOUAHOCTU 61acToUmCT no pesynbratam MIT-A /
Copy number levels of gDNA and mtDNA in SCM, mtDNA in TE depending on the ploidy of blastocysts according to PGT-A results

Mpynna 1.1. (dynnongHblie Mpynna 1.2 (aHeynnongHble
MapameTp / Parameter aM6puoHbl) N=98 / Group 1.1 (euploid 3M6pUOoHbI) N=97 / Group 1.2 p
embryos) n=98 (aneuploid embryos) n=97
MTOHK B T®3 (0.e.) / mtDNA in TE (relative units) 0,002 (0,002-0,003) 0,002 (0,001-0,003) 0,87
rOHK B OKC (uucno konuit) / gDNA in SCM (copy 83 (52-16,6) 10,0 (4.8-18.2) 099
number) y ] ] ’ ’ ) ’
MTAHK B OKC (uncno konuit) / mtDNA in SCM 148 (53,5-259) 113 (42,0-253) 0,62
(copy number) ! ! !
MTOHK/rAHK B OKC / mtDNA/gDNA in SCM 11,6 (6,6—-28,3) 11,3 (6,0-21,3) 0,59

MpumeyaHne: Me(Q25-Q75), TecT MaHHa — YUTHM, CTAaTUCTUYECKN 3HAUYMMBbIE OTANYUSA Mexay rpynnamu (p<0,05); TO3 —
TpodakToaepmMa, OKC — oTpaboTaHHas KynbTypanbHasa cpeaa, MTAHK — mutoxoHgpuansHas AHK, rAHK — reHomHas AHK

Note: Me(Q25-Q75), Mann — Whitney test, significant differences between groups (p<0.05); TE — trophectoderm, SCM — spent
culture medium, mtDNA — mitochondrial DNA, gDNA — genomic DNA

B npesictaBneHHol paboTe M3ydanach 3aBUCIMOCTb
MeXy XapaKTepUCTUKaMU MaljueHTOK, XpOMOCOMHBIM
crarycoMm 3M0puoHOB U ypoBHeM TIHK u mTITHK
B OKC, a Takke ypoBHeM MTIHK B T®3. B Kauectse
KOHTPOJIs MCTI0/Tb30Basicst ypoBeHb MTITHK B obpasiax
KY/bTypasbHOM Cpe/ibl, He COoZiep Kalieill SMOPUOHBI
Yl HaXOZIUBLLIEHCS B TeX >Ke YC/I0BUSX.

CorsacHO No/lydeHHbIM pe3y/ibTaTaM YPOBEHb
koruiiHoct MTJHK 1 rTHK B OKC 6bUT CTaTUCTH-
YeCKM 3HauMMO HYKe B TPYMIIe C MPOoZoJbKaroLeics
bepeMeHHOCTBIO > 12 Hefiesb 10 CPAaBHEHUIO C TPYTITION
6e3 HacTyrieHHst 6epeMeHHOCTH UM ee TIpephiBa-
HUeM B nepsoM Tpumectpe. IIpu ypoBHe MTIHK
B OKC < 95 Konuii 11aHChl HACTYT/IEHUSI U COXPaHEeHHsI
GepeMeHHOCTH TIOBBIIIAINCE B 3,2 pa3a.

Hexkotopele nccienoBarey Takke U3yvaay BOIIPOC
BO3MOJKHOM MpeJUKINY UCX0/ja IepeHoca SMOproHa
B 3aBucuMOcTH OT ypoBHA MTJHK B OKC w/nm ypoBHS
MTIHK B T®3. Ilo ofHUM [JaHHBIM, MOBBIILIEHHBIN
ypoBeHb MT/IHK B OKC 3MOpHOHOB acCOI[UMpPOBaH
C YCTIeLIIHBIM UCXO/JOM TTepeHoca ¥ HacTyTMBLIel 6epe-
MeHHOCTHIO [7, 8]. [To fpyrvM JaHHbIM, CBSI3b MEXAY
ypoBHeM MTIHK B OKC 1 yacToTol KIUHUYeCKOU
OGepeMeHHOCTH He Oblna HalizieHa [4, 9].

Kpowme Toro, cornacHo pe3y/bTaram paboThl, OT/IH-
ymii B ypoBHe KonuitHocty MTJHK B Td3 BhIsiIBNIEHO
He 6bu10. [TonydyeHHbIe HAMU JJaHHBIE COTJIACYIOTCS
C PAZIOM Hay4yHbIX PabOoT, Mpe/ICTaBUBIINX aHAIOTUY-

OBSTETRICS AND GYNECOLOGY

Hble BBIBOARI [5, 10—12]. OgHaKo, coracHo JAaHHBIM
JIUTepaTypkl, Ipyrve yueHble 0Ka3aau MOBbILIeHHbIN
TIOTeHIMa K UMIIaHTalUH 1 YCIIeIHON 6epeMeHHO-
CTH 17151 SMOPHOHOB CO CHIDKeHHBIM ypoBHeM MT/JHK
B KJleTKax T®3 [3, 13-16].

B nipuBezieHHOM paboTe AOMOTHUTE/BHO U3yYa-
Jlach 3aBUCUMOCTb Mexay ypoBHeM MTIHK u r/THK
B OKC, a takxke MT/IHK B T®3 C yueToM Hanmuus
aHeyTIJIOUAWH Yy SMOPHOHOB. 3HAUMMBIX OT/IMUMI HaMU
He 0OHapy’>KeHO, UTO COT/IaCyeTCsi C pe3y/bTaTaMu
JPYTUX UCC/eioBaTesiel, OMyYUBIINX aHa/IOTUYHbIe
nmannble [9, 11, 17]. B nureparype Takke 00Cy»K/a-
eTcsl B3auMOCBs3b MeXay ypoBHeM MTIHK B TDO
Y XPOMOCOMHBIM CTaTycoM 3MOpHoHOB. Tak, ofgHU
aBTOPHI MOKa3a/au nosbiiieHre ypoBHsA MTIHK B T3
aHeyTIIOW/IHBIX SMOPHUOHOB, B CPaBHEHUH C YTUION/HbI-
M [18]. B T0 >ke Bpems, Jpyryie yueHble CTaTUCTUYeCKU
3HAUMMOM pa3HUIIbI He 0OHapy»kumu [11].

MaccuB pabor, ripeficTaB/IeHHbIX K HACTOSIIIEMY
BpeMeHU B MUPOBOM JIUTepaType, Npe/ICTaB/sieT pasHsi-
11I1eCs], YaCTo IPOTUBOIIOJIOKHBIE IaHHbIe O 3aBUCUMOCTH
ypoeasi rIHK 1 mT/IHK B OKC 1 KauecTBe SMOPHOHOB.
BosbIIMHCTBO paboT BK/IIOUAIOT HEOObIIIME BBIOOPKU
TALMeHTOB Y He OLIeHHBAIOT UX PENPOAYKTUBHbBIE UCXOIBI.

Kpowme Toro, mozo6Hast mmpokasi BaprabesibHOCTh
pe3y/IbTaToOB MOXKET ObITh CBsi3aHa C 0COOEHHOCTSIMU
paboThl MUTOXOH/PHI B pa3Hble a3kl [eneHust SMOpHo-
HOB. Tak, C caMoro Hauasia pa3BUTHsi SMOPHOHA PYHKLIS
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yKa3aHHbIX OpraHesl 3aBUCUT UMEHHO OT MUTOXOH/PUH,
TpUBHECEeHHBIX ooruToM [3, 19-21]. [lanee, cienyeT oT-
METHTb, UTO COIVIACHO TEOPHHU «TOPJIBIIIIKA OT Oy THITKU»
(«mtDNA bottleneck theory»), B riepBbIe 1HU pa3BUTHS
MOproHa 0011jee KOJTMUeCTBO MUTOXOH/PHI 3UTOThHI
pasziesisieTcsi MeXXy KjieTKaMu SMOpHOHa 1Py Jie/IeHHH,
a coOCTBeHHas! perIMKaLsi MUTOXOHZApHabHoM JTHK
aKTUBUPYeTCS K 3 CyTKaM Pa3BUTHS U 3HAYMTEILHO
yCUIMBaeTcs K 5 cyTkam [8, 19-21].

Teopust «THXOro SMOpPHOHAa» TIPEICTaB/ISIET MEHbILIee
kommuectBo MTIHK B kietkax TdP3 61acToLUCT OT/NY-
HOTO Y XOPOLLIETO KaueCTBa, HAXOIAIIMXCS B OITTUMA/IBHBIX
YCJIOBUSIX, He TPeOyIOIIMX TIOBBIIIeHHS] THTeHCUBHOCTH
SHEPreTHUeCcKoro MeTabosmm3ma Jijist 60pb0bI CO «CTpec-
com» [3, 5, 19]. OpHako KaKMM UMEHHO 06pa30M MPOUC-
xoput pacripenenienvie Mt/JHK B KieTkax sMOprioHa (17151
BHYTpeHHel K/1eToUHOM Macchl u TdD) U BbIjeieHre
BHeksleTouHoM JJHK B OKC, ocTaeTcsi HeM3BeCTHBIM.
ViccnepoBanmii, OJHOBPEMEHHO OLIeHUBAKOLLIMX COOTHO-
menue ypoBHs r/JHK u mt/THK B k/ieTkax sMOproHa
1 OKC B 3aBUCHMOCTHU OT €ro KauecTBa Wiy TOTeHLU-
asa K MMIUVIaHTalliy, B HaCTOosLL[ee BpeMs B JIMTeparype
He I1pe/iCTaB/1eHo. B To jxe BpeMsi, COIVIaCHO MOTyYeHHbIM
B HaCTosLL[el paboTe pe3y/sTaraMm, MOBLIIEHHBIN YPOBEHb
MTHK B knetkax TP u cH>xeHHbIM ypoBeHb MTIHK
B OKC otmeuasicst y SMOPHOHOB € 60j1ee BBICOKHM TIO-
TEeHLIMa/IoM K UMIIaHTaLMK U TIPOJo/DKaroLLjekics: Gepe-
MeHHOCTH. [IpencraBieHHble JaHHbIE HE IPOTUBOPEYaT
OIMMCaHHBIM BbILLIe TEOPUSM U COIVIACYIOTCS C IPeZiCTaB-
JIEHUSIMU O TOM, UTO COa/TaHCUPOBAaHHOE [JOCTAaTOYHOE
(yHKLIMOHHPOBaHHe MUTOXOHZIPHI B K/TeTKax SMOproHa
COMPSDKEHO C TOBBILLIEHHbIM cofiepykanreM MTIHK B TDD
1, COOTBETCTBEHHO, CO CHIKEHHbIM KormmyecTBoM MTIHK
B OKC. U, IpOTHBOIIONOMKHO, /17151 SMOPHOHOB CO CHIKEH-
HBIM TOTEHLIMAJIOM K TIPOZIO/DKAIOLIIecst 6epeMeHHOCTH,
HapylleHHas (yHKLsE MUTOXOHJPHI B KJIeTKax U «3Hep-
reTU4eCKUd CTpecc» TIpUBOJAT K cHkeHUto MTJHK
B T®3 u, BO3MOXXHO, MOBPEKIEHUIO KJIETOK U BBIXOY
MTIHK B OKC, noBbIi11as ee KOHLIeHTPALUIO.

BbiBOAbI

HecMmotps Ha 10, uto BPT UHTEeHCUBHO pa3BHUBaroT-
Cs1 U TIOSIB/ISTIFOTCS] HOBBIEe SMOPHO/IOrye CK1e MeTOUKH
C 1Ie/TbI0 TIOBBILLIeHHs 3P (eKTUBHOCTH JiedeHus1 6ecrio-
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[Ivisl, He MeHee TI0/I0BUHBI LIMKJ/I0B DKO 3aKaHUKMBarOTCA
HeyJauHbIM UCX0I0M. B Xozie HacTosttieli paboThl OO
MoKasaHo, uTo ypoBeHb kKonuiHoCcTH TJHK u MTIHK
B OKC siBnsieTCs1 3HAUMMBIM MTPOTHOCTUYECKUM (PAKTO-
POM HACTYTIIeHHsI ¥ TIPOJIOHTMPOBaHKs GepeMeHHOCTH.
Tak, 6osee Hu3Kue nokasaresnu ypoBas MTIHK B OKC
CBsI3aHbl C MOBBILIEHHEM BepOSITHOCTU HACTYIIJIeHUs]
Y TIPOJIOHTUPOBaHUsI OepeMeHHOCTU > 12 Heflesb.
ITo pe3ynbraram NpoBeJeHHOIO UCC/Ie[0BaHuUs IIpeji-
JI0)keHa (hopmysa pacyeTa BepOSITHOCTH YCIELIHOI0
MCXo/ja TlepeHoca SMOpHOHA 110 YPOBHIO BHEKJ/IeTOU-
Hout [THK B OKC, mo3Bossirortiasi porU3BOAUTL 0TOOD
Jy4IIX SMOPUOHOB /1JIs1 IePeHO0Ca B TIONIOCTh MaTKU
A7is1 yBestnueHust 3h(HeKTUBHOCTH JiedeHust OeCriiofust
Metozsam BPT u cHW»KeHUs1 penpOAYKTHUBHBIX MOTePb.
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