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Abstract: Relevance. The increase in allergic and autoimmune diseases observed in recent decades highlights the need for
therapy and prevention, which requires detailed research into the mechanisms of their occurrence. The onset and progression of
allergic and autoimmune diseases are influenced by genetic predisposition, lifestyle, environmental factors, and disruptions in
the coordinated operation of the immune system, and as a consequence of immune homeostasis. Treatment of these diseases is
primarily symptomatic and often accompanied by undesirable side effects. Immune system disorders in various pathologies have
their own characteristics for each type of disease, and at the same time have common mechanisms. Considering the presence of
a large number of various microorganisms in the human body, taking their influence into account is of paramount importance.
Microorganisms are a source of biologically active molecules, the action of which can either prevent and reduce the severity of
the disease or exacerbate it. The aim of this study was to analyze the cytokine profile of the effects of fragments of cell walls
of Gram-negative and Gram-positive bacteria— lipopolysaccharide (LPS) and muramyl peptide (MP), as well as nisin — an
antimicrobial peptide of bacterial origin on human mononuclear cells. Materials and Methods. Mononuclear cells were obtained
from peripheral blood of healthy volunteers using Cell separation media Lympholyte CL 5015, and were cultured in the presence
of LPS, GMDP and bacteriocin nisin. The cytokine activity of LPS, GMDP and bacteriocin nisin was examined using the multiplex
cytokine analysis; the analysis of surface markers was determined flow cytometry. Results and Discussion. It was shown that
bacterial cell wall fragments to a much greater extent than nisin induce the production of cytokines, chemokines, and growth
factors. It was established that LPS and MP increase the expression of CD11c on dendritic cells, while bacteriocin nisin does
not affect the increase of CD11c+ DCs. LPS and MP in the conducted ex vivo studies did not affect the emergence of CCR?7.
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Conclusion. Bacterial origin bioregulators trigger a negative feedback mechanism by inducing the synthesis of anti-inflammatory
factors, that can prevent the inflammatory process. Understanding the molecular mechanisms of the influence of bacterial origin
bioregulators on the human body opens new approaches in the prevention and development of personalized therapy strategies.
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Introduction

Allergic and autoimmune diseases represent
two main categories of immune dis-orders affecting
a significant number of people worldwide. These
diseases are characterized by abnormal immune
responses, but differ in their mechanisms and impact
on the body [1, 2]. Allergic and autoimmune diseases
have reached epidemic proportions and currently affect
more than one billion people [3].

Allergic diseases are characterized by the immune
system’s hyperreactivity to external allergens such
as pollen, dust, animals, and certain foods. The most
common forms of allergic diseases are asthma, atopic
dermatitis (AD), allergic rhinitis, and food allergy [4].
Currently, 10 % of children suffer from food allergy,
and 20-25 % of adults have at least one allergic disease
[5, 6]. According to the 2019 Global Burden of Disease
study, there were 262 million cases of asthma and 171
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million cases of AD worldwide in 2019; the 3416 and
2277 per 100,000 population, respectively, for asthma
and AD [7-9]. A sharp increase in prevalence has been
noted in developed countries over the past few decades,
and an increase in incidence is expected in developing
countries [6].

Autoimmune diseases occur when the immune
system mistakenly attacks the body’s own cells and
tissues. This includes diseases such as rheumatoid
arthritis, systemic lupus erythematosus, celiac disease,
and many others [10]. The prevalence of autoimmune
diseases is increasing and is estimated at 10.2 %
based on the study of electronic medical records
of more than 22 million people [11]. The annual
growth of the overall morbidity and prevalence of
autoimmune diseases worldwide is 19.1 % and 12.5 %
respectively [12], with 63.9 % of these diagnosed
individuals being women and 36.1 % men [11]. The
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predominance of women with autoimmune diseases
is also noted in other studies [10]. The mechanisms
of autoimmune reactions are divided into two
fundamental pathological processes — autoimmunity
and autoinflammation, which can potentiate each
other [13]. Autoimmunity is associated with the
disruption of immunological tolerance to normal
tissue proteins (autoantigens), is associated with
the predominance of acquired (adaptive) immunity
activation, and is manifested by hyperproduction
of autoantibodies. Autoinflammation, in turn, is
considered as a pathological process based on the
genetically determined (or induced) activation of
innate immunity [13-17].

Allergic and autoimmune diseases are of global
significance, as they affect the health of millions
of people. Each category has its unique challenges
in the field of management and treatment. Allergic
diseases most often require symptom management and
prevention of allergen exposure, while autoimmune
diseases often require a more complex approach
to treatment, including suppression of the immune
system and identification of underlying causes.
Existing management and treatment strategies
significantly improve the quality of life of patients, but
often do not achieve the goal of long-term remission
without appropriate therapy [18]. An important
aspect of managing these diseases is early diagnosis,
which allows for treatment to begin at the most
effective time and minimizes the risk of long-term
complications [19]. In the context of allergic diseases,
key strategies include avoiding allergens and using
medications such as antihistamines, corticosteroids,
and inhalers to control symptoms [4, 20—22]. In some
cases, immunotherapy aimed at reducing sensitivity
to allergens may be recommended [1, 2]. In the case
of autoimmune diseases, the treatment approach
often includes immunosuppressive drugs to reduce
immune system activity and inflammation [2].
Individual treatment plans may include the use of
nonsteroidal anti-inflammatory drugs (NSAIDs),
biological agents, and immune response modifiers,
which can have local and systemic side effects
[2, 23]. Side effects of antihistamines can include
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drowsiness, blurred vision, dry mouth, constipation
or difficulty urinating, headache, and fatigue.
Nasal corticosteroids can include nose irritation,
nosebleeds, headache, and sometimes perforation
of the nasal septum with prolonged use. Long-term
use of oral corticosteroids can cause side effects
including weight gain, increased risk of infections,
osteoporosis, increased blood pressure, and sleep
disturbances. Decongestants used to relieve nasal
congestion can cause insomnia, headache, increased
blood pressure, and irritability. Immunotherapy
(allergen-specific immunotherapy) can lead to allergic
reactions, including skin reactions at the injection
site, nasal congestion, throat itching, or, in rare cases,
anaphylaxis. Side effects of biological drugs used
to treat severe allergic diseases such as asthma can
include headache, injection site reactions, increased
risk of infections, renal failure, and slowed growth
in children [24-28]. In severe cases, an anaphylactic
reaction with serious consequences can develop [29].

Among the mechanisms and risk factors for
the pathophysiology of allergic and autoimmune
diseases, the presence of various and common
factors is identified, including genetic, environmental
factors, lifestyle, and response to the microbiome [3,
10, 30]. The microbiome is assigned a key role in
the development and evolution of these diseases [3,
31]. A significant part of the human microbiome is
concentrated in the gut, mostly in the colon and the
proximal part of the small intestine [32, 33]. Bacteria
residing in the gut are a source of biologically active
substances, and they also help the host digest complex
foods and synthesize necessary metabolites, such as
vitamins B and K [34, 35]. Metabolites and bacterial
components regulate the host’s immune response by
affecting the proliferation, migration, differentiation,
and effector functions of immune cells and influence
the development of allergic diseases [36, 37]. Key
mechanisms of action of bacterial origin bioregulators
(BOBs) affect their impact on humoral and cellular
factors, modulating both links of immunity — innate
and adaptive. BOBs modulate the reactivity of the
immune system: they can stimulate the immune
system to a higher or lower than normal response to
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allergens. For example, lipopolysaccharide (LPS),
the main component of the outer surface membrane
of gram-negative bacteria [38], increases the level
of inflammatory cytokines [39—-41], which in turn
can enhance allergic and autoimmune reactions [42,
43]. It is important to note the complex mechanism
of regulation of inflammatory reactions by
lipopolysaccharide: prolonged exposure to LPS induces
the production of anti-inflammatory cytokines and
transcription factors that limit inflammation [40, 44,
45]. Muramyl peptide (MP), a component of the cell
walls of gram-positive bacteria, also has a dual effect;
the primary impact of MP stimulates pro-inflammatory
reactions, while with prolonged exposure MP generates
anti-inflammatory factors [44]. Dysregulation of the
adequate immune response to BOBs exacerbates the
course of allergic and autoimmune diseases [46, 47].

Mechanisms of action of bacterial origin
bioregulators can be carried out through corresponding
receptors of innate immunity or directly, affecting
cell membranes. For example, LPS exerts its activity
through TLR4, muramyl peptides activate NLRs,
while antimicrobial peptides produced by bacteria and
called bacteriocins can have a nonspecific effect due
to amphiphilicity and electrostatic interaction with the
eukaryotic membranes [48-51]. Conflicting results
of the effects of bacterial origin bioregulators require
further research to accurately predict their effects and
influence on the initiation and progression of allergic and
autoimmune diseases. The aim of the current study was
to determine the influence of LPS, MP, and bacteriocin
nisin on humoral factors — cytokine production, as
well as on the change in phenotype of dendritic cells,
which take an active part in innate immunity and the
formation of tolerance.

Materials and Methods

Isolation of mononuclear cells
Blood was collected with the written informed
consent of healthy donors aged 20-22 years. The
experiment protocol was approved by the University’s
Ethical Commission, N 21 from 11.10.2021. Peripheral
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blood was collected in tubes (Vacuette, Greiner Bio-One,
Austria) with anticoagulant (0.1 ml of 2.7 % EDTA
solution; pH 7.2-7.4 per 1 ml of blood). Whole blood
was diluted in a 1:3 ratio with phosphate-buffered
saline (PBS, PanEco, Moscow, Russia), layered
onto Cell separation media Lympholyte CL 5015
(Cedarlane Laboratories Limited, Ontario, Canada),
and centrifuged for 40 min at 400 G. Mononuclear
cells (MNCs) were washed twice (10 min; 1000 rpm)
by centrifugation in excess PBS and resuspended in
complete RPMI 1640 medium (Gibco, Waltham, MA,
USA), containing 10 % fetal bovine serum, 100 U/ml
penicillin, 100 pg/ml streptomycin, and 10 mM Hepes
buffer (pH 7.2) (PanEco, Moscow, Russia). Cell viability
was determined by trypan blue staining.

Cultivation of human mononuclear cells
in the presence of LPS, MP, and bacteriocin nisin
to determine cytokine activity

Mononuclear cells were added to the
wells of a 96-well round-bottom plate (Costar,
Washington, WA, USA), at 0.2 x106 per well, and
glucosaminylmuramyldipeptide (MP, GMDP) was
added at a final concentration of 5 pg/ml, with
lipopolysaccharide (LPS) (1 pg/ml), bacteriocin nisin
(1 ng/ml), and an equal volume of medium to control
wells. Concentrations were determined by preceding
experiments and corresponded to the maximum plateau
values [52]. The plates were incubated for 4 hours at
37 °Cin a 5 % CO, atmosphere, the supernatant was
collected, and cytokines were tested.

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). For this purpose,
supernatants of mononuclear cells, previously
cultured with LPS, MP, nisin, and phosphate buffer
as a control, were collected and analyzed according
to the manufacturer’s instructions. Assays included
a bead-based fluorescence MILLIPLEX® assay/

Luminex fluorescence platform (LMX).
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Cultivation of human blood cells in the presence
of LPS, MP, and bacteriocin nisin to determine
surface markers

Peripheral blood was collected in tubes (Vacuette,
Greiner Bio-One, Austria) with anticoagulant (0.1 ml
of 2.7 % EDTA solution; pH 7.2-7.4 per 1 ml of blood)
and MP was added at a final concentration of 5 pg/ml,
with LPS (1 pg/ml), bacteriocin nisin (1 ng/ml), and an
equal volume of medium to control samples.

Flow cytometry

For the analysis of surface markers, blood samples
were incubated with 2 pM of LPS, MP, and nisin for 1 h at
+36 °C and then with specific antibodies for 1 h at +4 °C,
washed, and measured on a CytoFLEX device (Beckman
Coulter LS, Indianapolis, USA), data was analyzed by
CytExpert software. Phenotyping was performed using
markers HLA-DR PE-Cy5, CD11c APC, CD123 APC-
eFluor780, CCR7 PE-Cy?7 against CD3, CD20, CD56,
CD14; CD80, CD83 markers. MDC populations were
determined by HLADR+ CD3- CD14- CD20- CD56-
CD11c+ CD123-, PDC was determined by markers
HLA-DR+ CD3- CD14- CD20- CD56- CD11c + CD123+
FITC (BD Biosciences, USA).

Statistics

Statistical analysis was conducted using MS Excel
software. Data are presented as the mean + SEM of at least
two independent experiments or as one representative
experiment of two. 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 reliable.

Results and Discussion

The influence of LPS, MP, and bacteriocin nisin
on cytokine production
Allergic and autoimmune diseases develop as a result
of an aberrant body reaction to harmless antigens or
antigens of one’s own tissues with direct regulation by
cytokines and chemokines. The study of the influence
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of LPS, MP, and bacteriocin nisin on the production of
cytokines by mononuclear cells from healthy donors
using a fluorescent method showed significant differences
in their ability to stimulate the production of cytokines,
chemokines, and growth factors. The analysis of the
levels of production of cytokines, chemokines, and
growth factors under the influence of bacterial origin
bioregulators has established that muramylpeptide and
lipopolysaccharide have the most active influence (Fig. 1).

LPS and MP increased almost all pro-inflammatory
and anti-inflammatory cytokines, chemokines and
growth factors, with the exception of IL-13 and PDGF-
AA, on which LPS had a slight effect.

Muramyl peptide increased all levels of the
substances studied except for IL-13. Interestingly, LPS,
MP, and bacteriocin nisin lowered the level of IL-13
by more than three orders of magnitude. I1.-13 plays
a critical role in the regulation of allergic reactions by
participating in B cell maturation and IgE production.
On the other hand, IL-13 can suppress macrophage
activity, reducing inflammation and tissue damage.

Nisin showed the least pronounced activity in
increasing the substances studied, PDGF-AA was
decreased by half compared to the unstimulated sample.
Platelet-derived growth factor (PDGF)-AA, -AB, and
-BB has multiple functions including the ability to
stimulate cell growth and proliferation. (PDGF)-AA,
-AB, and -BB play a key role in angiogenesis and blood
vessel formation, induce and differential chemotaxis of
early-passage rat lung fibroblasts in vitro [53].

In the study, LPS and MP increased the production
of IL-10 by 42 and 22 times, respectively, while nisin
also increased its level, but to a much lesser extent;
the increase was three times compared to the control
value. Our results are consistent with the data of other
researchers who noted an increase in IL-10 under
the influence of nisin in experimental animal models
[54, 55]. IL-10 is an anti-inflammatory cytokine that
regulates the balance of the immune response in
maintaining immune homeostasis. IL-10 reduces the
expression of Th1, Th17 cytokines, and together with
MHC class II antigens and costimulatory molecules
on macrophages, may also suppress the activity of
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Fig.1. The influence of LPS, MP, and bacteriocin nisin on the production of cytokines, chemokines, and growth factors;
1 — samples with nisin; 2 — samples with lipopolysaccharide; 3 —samples with muramylpeptide; 4 — control samples

macrophages and dendritic cells, maintaining immune
homeostasis. The experimentally discovered ability of
BOBs to significantly increase the production of I1.-10
is an important confirmation of the regulatory role of
BOBs on all populations of immunocompetent cells.

The influence of LPS, MP, and bacteriocin nisin
on the surface markers of DCs
A study was conducted on the influence of MP,
as well as LPS, adrenaline, and noradrenaline in

an ex vivo system. For this, whole blood samples
from volunteers were incubated for with MP, LPS
and bacteriocin nisin. The studies have established
that the ex vivo introduction of MP and LPS into the
peripheral blood of healthy donors does not affect the
gene expression of the chemokine receptor CCR?7,
while LPS, MP contributed to an increase in the
number of CD11c+ DCs (Fig. 2-5).

Fig. 2. Expression of dendritic cell markers in the control sample

IMMUNOLOGY
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Fig. 3. Expression of dendritic cell markers in the PBMC sample in the presence of MP
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Fig.4. Expression of dendritic cell markers in the PBMC sample in the presence of LPS

Fig.5. Expression of dendritic cell markers in the PBMC sample in the presence of nisin
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It is important to note that the membrane protein
CD11c is the alpha subunit of integrin aXf32, as well
as the complement receptor 4 (CR4) and integrin
CD11c/CD18 interacts with various ligands, including
iC3b of the complement system, fibrinogen, with
intercellular adhesion molecules (ICAM) or LPS, and
ensures the participation of DCs in the remodeling
of the extracellular matrix, phagocytosis, migration,
and cell adhesion [56]. Furthermore, DCs deprived of
CD11c are unable to respond to chemokines induced by
inflammatory stimuli, such as MCP, MIP1, MIP3 [57].
According to the study results, MP and LPS increased
the number of CD11c+ DCs by 29 %, 31 %, respectively,
whereas bacteriocin nisin did not have a statistically
significant effect on the studied DC markers (Table).

Change in CD11c expression under the influence of LPS, MP,
and nisin, Me (Q0, 25-Q0, 75)

Control MP LPS Nisin
100 % * 129 % * 131 % * 105 %
(91-107) (119-139) (119-142) (95-116)

Note: * — significance of differences compared to control values,
p <0.05.

It is known that bacterial bioregulators through
interaction with epithelial cells, antigen-presenting
cells (such as dendritic cells (DCs)), and through
the production of signaling metabolites can induce
the production of not only pro-inflammatory but
also antiinflammatory cytokines. For example,
exopolysaccharides from Bifidobacterium breve promote
immune tolerance, reducing the production of pro-
inflammatory cytokines and preventing the response
of B-cells [58]. Early exposure of the immune system
to certain bacterial agents may promote tolerance to
allergens, preventing allergic diseases [3, 52]. MPs from
Gram-positive bacteria can shift the Th1/Th2 balance,
providing a therapeutic effect in allergopathologies
and have prophylactic effect in prevention of
seasonal diseases [59—-62]. At the same time, bacterial
bioregulators can affect the integrity and function of
epithelial barriers, such as the intestinal and respiratory
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barriers. Disruptions of these barriers can in-crease the
likelihood of developing allergic reactions [37]. Some
bioregulators have the ability to modulate immune
responses, for example, by exerting an adjuvant effect
[63], or by enhancing regulatory T cells, which can
suppress allergic reactions by enhancing regulatory
T-cells, suppressing allergic reactions. In particular, the
short-chain fatty acid (SCFA) butyrate, produced by
commensal microorganisms during starch fermentation,
promotes the extrathymic generation of regulatory
T-cells (Treg cells) [64, 65].

Some bacteria may promote the production of anti-
inflammatory cytokines such as IL-10, which may be
useful in the context of autoimmune diseases [66, 67].
Bacterial origin bioregulators can help maintain peripheral
tolerance in preventing the development of allergic and
auto-immune reactions against one’s own tissues, including
by changing the phenotype of DCs, the mature variants of
which are involved in ensuring tolerance [68].

The treatment approach often requires long-term
monitoring and adjustments based on patient response.
Research in the field of allergic and autoimmune
diseases continues, aimed at better understanding the
etiology and mechanisms of diseases. This makes
it possible to develop new therapeutic approaches
and improve existing treatments. For example, in
the field of autoimmune diseases, new biologics and
cell therapies are being explored that may offer more
precise and less toxic treatments. This large-scale study
highlights the increasing incidence of these diseases
and their impact on public health. These studies
highlight the importance of global efforts to improve
the understanding, diagnosis, treatment and prevention
of autoimmune diseases, highlighting their growing
importance as a public health problem. Allergic and
autoimmune diseases require a comprehensive approach
to management and treatment using modern systems
biomedicine approaches [69, 70].

Conclusion

Bacterial origin bioregulators — LPS, GMDP, and
nisin modulate the response of immune cells, influencing
the production of cytokines, chemokines, growth

477



Guryanova S.V. u dp. Bectiux PY[TH. Cepua: Meguuyna. 2023. T. 27. Ne 4

factors, and adhesion. The ability of BOBs to reduce the
secretion of IL-13 by mononuclear cells by thousands of
times and increase IL-10 by tens of times indicates the
significant potential of these compounds in maintaining
immune homeostasis and in the prevention and treatment
of allergic and autoimmune diseases. Bacterial origin
bioregulators trigger a negative feedback mechanism
by inducing the synthesis of anti-inflammatory factors,
that can prevent the inflammatory process.

Cytometric studies of the effect of BOBs on DC
differentiation markers showed that not all bacterial
origin bioregulators can change the phenotype of DCs:
LPS and GMDP increase the expression of CD11c
on DCs, while the bacteriocin nisin does not affect
the increase in CD11c+ of DCs involved in homing
and ensuring tolerance in allergic and autoimmune
pathologies.

Thus, bacterial cell wall fragments, realizing
their activity through innate immunity receptors, to
a much greater extent than nisin, induce the production
of cytokines, chemokines, and growth factors. The
increase in CD11c expression on dendritic cells under
the influence of MP and LPS shows their participation
in ensuring the remodeling of the extracellular matrix,
phagocytosis, migration, and cell adhesion of DCs.
In the conducted ex vivo experiments, no influence of
LPS, MP, and nisin was found on the appearance of
differentiation markers CCR?7.

Understanding the molecular mechanisms of the
influence of bioregulators of bacterial origin on the
human body opens up new approaches to the regulation
of immune homeostasis, the development of preventive
and personalized therapy strategies.
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MexaHn3Mbl perynsiuum annepruyeckux 1 ayToMMMYHHbIX peakLuii
6uoperynsTopamu 6aKkTepuanbHOro NPOUCXOXKAeHUs
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AnHoOTanmA. AkmyaabHocmb. POCT annepruueckrx ¥ ayTOMMMYHHBIX 3a00/1eBaHUM, Habmrofaomuyics B oC/iefHHe
JeCATH/IeTHS, aKTya/lIU3UpyeT 3a/auy Tepariu U MpoQrIakKTHKN UX BO3HUKHOBEHUs, UTO TpeOyeT JeTalbHbIX UCC/IeS0BaHUN
MeXaHH3MOB HX TosiBlieHrs. Ha BO3HUKHOBeHHe ¥ MPOrpecCcUpOBaHue alyIepriyeCKiX U ayTOMMMYHHBIX 3a00/1eBaHUN BIUSIFOT
reHeTHYeCKast peApacIioioKeHHOCTb, 00pa3 )KU3HH, (PaKTOPBI OKPY’KaroIlel cpe/ibl, HapyLleH!sl COracoBaHHOU paboTkl
MMMYHHOM CHUCTeMBI U, KaK CJ/Ie[CTBHe, IMMYHHOTO roMeocTasa. JledeHne 3Tux 3ab0eBaHU TIPEMIMYIIIeCTBEHHO CHMIITO-
MaTHYeCKOe U YacCTO COTIPOBOK/AAETCS HeXesaTelbHbIMK o60YHbIMU 3¢ dekramu. HapyiieHnsi IMMyHHOW CHUCTeMBI TIPH
PAa3/MYHBIX [aTOJIOTHSIX UMEIOT CBOM 0COOEHHOCTH /ISt KaXKI0T0 Br/ia 3a60/1eBaHUs U B TO JKe BpeMsl UMEIOT 001Ire MeXaHU3MBL.
YuuThiBasi HalMM4Ye B OpraHU3Me uejioBeKa OOJIBIIOro KOJIMYeCTBa Pa3/IMuHbIX MUKPOOPTaHHU3MOB, YUeT UX B/IUSHUS UMeeT
TepBOCTeTIeHHOe 3HaueHHe. MUKPOOPraHW3MBbI SIBJISIFOTCS HCTOYHUKOM OMOIOTHUYeCKH aKTUBHBIX MOJIEKY/T, IediCTBHe KOTOPBIX
MOXKET KaK MpPeJOTBPATUTb U YMEHBIIUTh TSDKECTh 3a00/IeBaHus, TaK U YCYTYOUTH ero. Llesibro HaCTOSIIero NCCIe0BaHuUs
OBLT aHa/T|3 LIUTOKUHOBOTO NIPOGUJIS IeCTBYS HYParMeHTOB K/IeTOUHBIX CTEHOK IPaMOTPHLIaTeNbHbIX U IPAMIIO/IOKUTETBHBIX
6akrepuii — nunononucaxapuza (JITIC) u mypamunnentuzga (MIT), a Takke HU3MHA — aHTUMUKPOOHOTO TenTH/a bakTepu-
aJIbHOM TPUPO/BL. TPOUCXO’K/IeHMST HA MOHOHYKJ/IeapHBIX K/IeTKax yerioBeka. Mamepuanb! u MemoObl. MOHOHYK/IeapHble K/IeTKU
TO/TyYasiu U3 nepudepruueckoit KpoBU 3/[0POBbIX JOOPOBOJIBIEB C UCIIOIL30BaHUEM CPe/ibl [IJis pa3zeneHus KieTok Lympholyte
CL 5015 u kynerrBUpoBand B ipucytctun JITIC, T'M/IT u 6akTepronyHa Hu3uHa. LIuTokrHOBYO akTiBHOCTE JITIC, TMIT
Y OaKTepHOLIMHHHU3HHA UCCIIe0Ba/IH C TOMOLLBI0 MY/ILTUIIEKCHOTO LIUTOKWMHOBOTO aHa/IH3a; aHa/Ii3 TIOBEPXHOCTHBIX MapKepOB
oTpe/iesisi/Iv MPOTOYHOM [UTOMeTpreid. Pe3yabmamnt u 06cysicoeHue. [oka3aHo, UTo GparMeHThI K/IETOUHOM CTeHKU GaKTepuit
B 3HAUMTE/ILHO OOJBIIIEH CTerneHy, ueM HU3WH, MHAYLUPYIOT MPOAYKLHIO LIUTOKWHOB, XeMOKHWHOB U ()aKTOPOB POCTa. YCTa-
HOB/eHO, uto JITIC u MIT noBeiiaioT 3xkcrpeccuto CD11c Ha IeHJPUTHBIX K/IeTKaX, TOr/ja Kak 6aKTepUOI[UH HU3UH He B/IUSeT
Ha yBenmueHre CD11c+ K. JITIC u MII B ripoBefieHHBIX UCCIe0BaHMSX eX Vivo He Biusiiu Ha riosiesieHrne CCR7. Bbigoobl.
Buoperynstopbl 6aKTepHaIbHOTO TIPOMCXOXK/IeHHS 3aITy CKaloT MeXaHW3M OTpHLIaTe/TbHOM 06paTHOM CBSA3HU, MHAYLUPYS CHHTE3
TIPOTHBOBOCTIA/INTENBHBIX ()aKTOPOB, CTIOCOOHBIX TIPeJOTBPAaTUTh BOCHATUTENbHBIN rporjecc. [IoHMMaHe MOMTeKYISIPHBIX
MeXaHU3MOB BJIUSTHUSI OMOpery/siTopoB OakTeprabHOTO MPOMCXOXK/EHHSI Ha OPraHK3M uesioBeKa OTKPHIBaeT HOBBIE TIOAXO/bI
B TIPOGU/IAKTHKe U pa3paboTKe CTpaTeryii epcoHaTM3UPOBaHHON Tepartii.

KiroueBble c/10Ba: BpOKJeHHbII UMMYHHTET, IMMYHHBI/ TOMe0CTa3, ajyleprus, ayTOMMMYHUTET, TOJIepaHTHOCTb, JITIC,
JIVITIOTIONMCaXapuy/, TIOKO3aMUHUIMYPaMU/IUTIENTH]], MypPaMUIIENTH, HI3KH, Pery/sLys BOCaieHu s, GHOpery/siTopbl
OaKTepHaIbHOTO POUCXOKAEHUS

HNudopmanus o puHaHcupoBaHuu. PaboTa BhITIONIHEHA TIPY TIoA1ep>KKe [IporpaMMbl CTpaTernueckoro akajeMruuecKoro
nugepcrBa PYIIH.

Bxknap aBropoB: C.B. I'ypesiHoBa — pa3pabotka au3aiina uccienoBanus; C.B. T'ypesiHoBa, U.A. Curmarynus, O.0. T'uranuy,
C.A. JlunkvHa — HUCCJIefloBaHUs MeTolaMi UMMYHOGEepPMEeHTHOI0 aHalu3a U LuToMeTpruueckue ucciaenosanust; C.B. I'y-
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pbsaHOBa, U.A. CurmarysnuH, O.0. I'uranm, C.A. JIMNKyvHa — NMOJATOTOBKAa PYKONUCH. Bce aBTOPBI MpOUNTAIN U COTTIACUIUCH
C OKOHYaTe/IbHOW BepCUel PYKOITUCH.

HNudopmanysa 0 KOH(IMKTE HHTEPECOB. ABTOPbI 3asIB/ISIFOT 00 OTCYTCTBUM KOH(IMKTA HHTEPECOB.
baarogapHocTH — HeNIpUMEHUMO.
ITHYecKoe yTBep)KAeHUe. [IpOTOKO UCC/ieIoBaHNs 0fo0peH DTHuecknuM KomutTeToM PYITH.

HNudopmupoBaHHoe cornacue Ha myGiuMKanuio. OT BCeX YUaCTHUKOB MCC/IeZ[0BaHNs GbII0 MOMydeHo 0OPOBOEHOE ITHCEMEHHOe
MH(OPMUPOBAHHOE COTVIaCHe Ha YUacTHe B UCC/Ie[JOBaHUH, 00PabOTKY MepCOHATBHBIX JAHHBIX U MyOIUKALMIO JAHHOU CTaThH.
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