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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.
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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

C.B.T'ypbsiHoBa’? >

"MHCcTUTYT BOOpraHUYeCKOM XUMUK M. akageMrukoB M.M. [llemsikiHa 1 FO.A. OBUMHHUKOBA POCCHITCKOI aKaieMyu Hayk,
2. Mockea, Poccutickas @edepayus
?PoCCUICKUE YHUBEPCHUTET JPY>KObI HApOJ0B, MeqULIMHCKIN UHCTUTYT, 2. Mockea, Pocculickas ®edepayust
> svgur@mail.ru

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.

Bxknap aBropoB: C.B. I'ypesiHOBa — pa3paboTKa /iv3aiiHa MccieoBaHusl, IPOBe/ieHre UCC/e/|0BaHMUsl, HAallMCaHye PYKOTIHCH.

HNudopmanus o KOHQIUKTe HHTEPeCoB. ABTOD 3asiB/isieT 00 OTCYTCTBUU KOH(IMKTA HHTEPECOB.
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JTHYecKoe yTBepXK/eHue. Viccie0BaHYe IPOBeZieHO B COOTBETCTBUY CO CTaHAapTamMy Xe/lbCUHCKOM feknapatuy (Declaration
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