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The systematic review provides a justification for the value of innate immunity as an initial, necessary and determinant stage in
the development of adaptive immunity. The participation of TLRs as a leading component of PRRs-system in maintaining
natural congenital anti-infection resistance and homeostasis of the organism, in launching and dynamics of development of
adaptive immunity to pathogens of infectious and non-infectious genesis was studied in detail. The importance of the influence
of these pathogens on the homeostasis of the organism, on the formation of disturbances in anti-infective resistance at the
organism and local levels, revealing new pathophysiological and immunological pathogenetic mechanisms of the development
of these pathological processes is established. The colossal gap between fundamental studies of the biology and morphology
of microorganisms and clinical studies of the diseases they cause is shortening. In an accessible form, explanations are
provided for the absence of symptoms, the possibility of atypical manifestations, and the asymptomatic course of infection.
There are new wide opportunities to improve and enhance the information content and personalization methods of diagnosis,
treatment and prevention, as well as the creation of pharmaceuticals that act detrimental to all forms of cycle of development
of pathogens, and new immunomodulatory drugs for the most effective treatment and prevention of diseases.
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he human body is in permanent contact with different microor-

ganisms and other endogenous or exogenous foreign sub-
stances and pathogenic agents. It has powerful innate (natural) and
acquired (adaptive) systems of immune protection. Their coordinat-
ed functioning may prevent the development of infectious and non-
infectious processes at any stage of development, regardless of the
way the pathogen is received. They also can destruct or eliminate
foreign substances and agents, which contributes to the mainte-
nance of homeostasis.

Adaptive (synonyms: acquired, lymphocytic) immunity is present
in only 1.5% of all species of organisms that exist on the earth. The
ability of T-lymphocytes to respond to a wide range of potential an-
tigens through the expression of specialized surface receptors to
antigens and production of their antigen-specific antibodies in the
phylogeny appeared only in vertebrates [1, 2]. This mechanism is a
powerful targeted protection that provides the pathogen specific
immune response with the formation of immunological memory [3].

Innate immunity is considered as a hereditarily fixed protection
system of a multicellular organism from any pathogenic, opportunis-
tic microorganisms (OM), endogenous factors and products of tis-
sue destruction. Aimost all multicellular organisms, animals, plants,
invertebrates and unicellular eukaryotes have Innate immune recog-
nition, which is based on non-clonal receptors [4—7]. The systems of
innate immunity are extremely important in the initial stages of adap-
tive immunity reactions [1, 5, 8]. The adaptive immune response is
only the effector part of the innate immune system. Non-specific
protection systems play an exclusive protective and adaptive role in
the early stages of infectious and non-infectious pathological proc-
esses. Non-specific mechanisms of innate immunity represent a
phylogenetically more ancient system of defence against the ag-
gressive impact of microorganisms compared to the adaptive im-
mune system that is unique to vertebrates [1, 2, 9].

The system of innate immunity is comprised of four components:

¢ anatomic barriers (skin and mucous membranes);

e cells of mucous membranes (including epithelial) — innate im-
munity factor;

* physiological barriers (temperature, low pH in the stomach,
anti-infective soluble proteins or humoral factors such as lysozyme,
interferons (IFNs), natural IgM antibodies, components of the com-
plement system, induced by foreign substances endogenous antimi-
crobial peptides — defensins, etc.;

» phagocytic barrier (neutrophils, basophils, eosinophils and
monocytes, tissue macrophages, mast cells);

e cellular elements of innate immunity intraepithelial lymphocyte
subpopulations — Tyd-cells, natural killer cells (NK cells), killer and
lymphokine-activated killer cells (LAK-cells) and so-called Pit cells,
subpopulation of NK-cells with phenotype CD56+/CD16;

¢ inflammatory barrier (chemokines, eicosanoids, limitation of in-
flammatory reactions in the lesion) [1, 2]. The main function of innate
immunity is the detection of pathogens and their destruction using
phagocytosis or endogenous synthesized antibacterial peptides.
If these mechanisms do not result in the loss of the pathogen proper-
ties and do not provide its elimination, the innate protection mecha-
nisms prepare the pathogen to interaction with T-lymphocytes for
the subsequent development of adaptive immune response. Unlike
adaptive immunity, which is operated by T-and B-lymphocytes, the
innate protection mechanisms do not have any differentiated cell
system but represent a variety of receptors, molecules and their
complexes, which are constitutionally present in different cells and
have the same functional purpose [1].

During the life of the human innate immunity factors, which are
controlled by genes of the germinal centre, remain unchanged and
are subsequently passed on to offspring [10]. Unlike the specific
response of the immune system, which takes some time to devel-
op, the response of unspecific protection mechanisms is almost
instantaneous. Innate immunity provides recognition and elimina-
tion of pathogens in the first minutes and hours after their invasion.
The key effectors of congenital immunity are dendritic cells and
natural killer cells (NK). The operation of innate immunity cells
manifests itself in the reactions of phagocytosis, cytolysis, includ-
ing bacteriolysis and many others. Macrophages together with
neutrophils perform a phagocytic function, and plasma proteins
(complement proteins, C-reactive protein and others) react to bac-
teria carbohydrates. The factors of innate immunity, which are
predominantly recognizing foreign proteins and carbohydrates of
infectious and non-infectious nature, are activated immediately
after the agent's impact. The distinguishing feature of the innate
immune system cells is that they do not form clones and do not
undergo positive and negative selection unlike adaptive immunity
cells. Dendritic cells are considered as a link between innate and
adaptive immunity [11-13].

The innate immune system of higher vertebrates has two ways of
recognition of foreign conservative molecular structures of infectious
origin — (during the life or death of an infectious agent; peculiar
"molecular identification pattern" for a particular class of micro-or-
ganisms, pointing to their species) — pathogen-associated molecular
patterns — PAMPs, are components of bacterial and fungal cell wall
(LPS-lipopolysaccharide, lipopeptides, lipoproteins, peptidoglycan,
B-glucagon), or microbial nucleic acids or proteins (flagellin, profilin);
the second is the recognition of endogenous factors, damage-asso-
ciated molecular patterns (DAMPs) — endogenous molecules that
are released in case of infection or other cellular distress (for exam-
ple the violation of cell ion balance, cells necrosis) or synthesized de
novo, or appear in unusual forms [1, 14].

n
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PAMPs and DAMPs are recognised by the special PRRs recep-
tor group (pattern-recognition receptor), which are integral to in-
nate anti-infectious immunity. Membrane PRRs include macro-
phage scavenger receptor (class A, SR-A), macrophage mannose
receptor, f2-integrins, participating in the PAMPs recognition proc-
ess and initiating phagocytosis [15]. Known PRRs include: —
TLR family (Toll-like receptors), consists of 23 subtypes which are
localized either on the cell surface or on the endosomes; — The
family of RIG-I-like receptors (RLRs); It is localized in cytoplasm
and consists of RIG-I (retinoic acid-inducible gene-lI), MDA-5
(melanoma differentiation-associated gene 5) and LGP-2 (Labo-
ratory of Genetics and Physiology 2) cells sensors that recognize
intracellular dsRNA; RLRs bind to RNA-ligands and recognize dif-
ferent classes of viruses; — The family of NOD (nucleotide-binding
oligomerization domain)-like receptors (NLRs); The family of intra-
cellular DNA receptors, which consists of DAI receptor (DNA-
dependent activator of IFN-regulatory factors) and other unidenti-
fied members. PRRs include some other membrane receptors
(CD14, CD18, CD11/ CD18, MD2, selectins) for conducting an
activation signal, induced by TLRs as well as soluble molecules
that can recognize PAMPs — glycosylphosphatidylinositol (sCD14),
mannose binding lectin (MBL), LBP — LPS binding protein, and
complement system components; LBP binds soluble LPS, and
complement components trigger the alternative or lectin pathway
of the complement system activation. At the same time, one white
cell can express PRRs of different specificity, which allows one cell
to respond to different types of pathogens. TLRs are considered as
carriers of the evolutionary memory of multicellular organisms
about what is "ours" and how it differs from "alien". They play a
crucial role in protection against infections, maintaining homeosta-
sis and ensuring the normal flora of the intestine [1, 16-19].

In humans, there are about 23 members of TLR family. TLR are
single-chain transmembrane polypeptides with similar structure:
the extracellular N-terminal region responsible for binding patho-
gen — transmembrane area — intracellular part is the TIR-domain,
which represents the C-terminal conservative region of TLR, res-
ponsible for the transmission of the activation signal of the medi-
ated signalling pathway. Provide a link between the recognition of
a pathogen/antigen and the development of inflammation, and
between congenital and acquired immunity. Each TLR is encoded
by its own genes [5, 7, 16]. Both exogenous and endogenous
substances can act as TLR ligands. A particular feature of con-
genital immunity is the direct binding of the pathogen to the mem-
brane receptor complex (without antigen-antibody intermediaries)
for the direct destruction of the pathogen and its elimination from
the body [20]. Exogenous TLR ligands are PAMPs of infectious
agents, and endogenous are native molecular structures of the
organism, resulting from cell damage (damage associated molecu-
lar patterns-DAMPs) — described more than 50 of such endog-
enous ligands [21, 22] (protein S100 family, amphoterin, heat
shock proteins, purine metabolites, adenosine phosphate, uric
acid, inert matrix proteins — hyaluronic acid and oligosaccharides,
fibronectin, fibrinogen, oxidized low density lipoproteins (LDL),
B2-glycoprotein-l and related phospholipids, nonhistone nuclear
protein HMGB1) and alarmins. DAMPs also appear as a result of
cell damage during the brain death of the organ and tissue donor
during the transplantation, cold conservation and subsequent graft
reperfusion (ischemia-reperfusion injury) [23-25]. Therefore, brain
death and cerebral damage resulted in deterioration in the vitality

of the organs, reduced function after transplantation and a poor
prognosis for preservation and survival of the graft [26, 27].
Alarmins are cytokines which include thymic stromal lymphopoietin
(TSLP), IL-25 and IL-33. TSLP refers to IL-7 like growth factors,
which stimulate lymphocyte proliferation [28].

Different pathogens after the interaction of PAMPs and DAMPs
to their specific TLRs can trigger the development of a common
activation pathway of the inflammatory response. This is a unspe-
cific defensive reaction of the organism to the impact of any exoge-
nous or endogenous damaging factor in order to eliminate the
pathogenic agent, to localize its operation and to repair the dam-
aged organs and tissues [29]. Two fundamentally different signal
paths are described: — activation of the early proinflammatory re-
sponse involving TLR-2, 4, 5, 7, 9 and intracellular molecules
MyD88 and kinases; — MyD88-independent signaling pathway acti-
vation of antiviral response and late proinflammatory response in-
volving TLR-3 and TLR-4 and molecules of intracellular signaling
cascade. In the first stage proinflammatory cytokines are synthe-
sized with the stimulation of inflammatory reaction and activation of
leukocytes, dendritic cells (DC), T- and B-lymphocytes, NK-cells,
leading to the destruction and elimination of the pathogen; at the
second stage production of anti-inflammatory cytokines is activated
to complete inflammation, normalize homeostatic balance and de-
velop reparative processes and prevent hyperreactivity and damage
of its own tissues (if inflammatory cytokines are induced too early, it
may cause a state of immunosuppression). Cytokines determine all
the steps and the result of the local inflammatory process (edema,
cellular infiltration, thrombosis of capillaries, etc.), for protection of
the body. They operate through receptors on the surface of target
cells, perform pro- and anti-inflammatory, immunostimulating,
Immunosuppressive, and hematopoietic influence. Activation signal
from different TLRs may lead to the development of different protec-
tive reactions [18, 30, 31]. After binding appropriate ligands all TLRs
undergo dimerization and conformational changes required to re-
lease the sites of interaction with cellular adaptor molecules in the
TIR-domain and start the signal transduction cascade. TIR-domain
directly interacts with adaptor molecule MyD88, which is necessary
for attracting kinases, releasing the dimer NFkB and its translocation
to the nucleus. There are three more described types of adaptor
molecules — MAL/TIRAP-1, TICAM-1 (TRIF) and TICAM (TRAM).
NFkB directly binds the promoter sites of a number of genes of mol-
ecules, activating and regulating the development of inflammatory
reaction, including cytokines genes (control the synthesis of proin-
flammatory cytokines IL-1, IL-6, IL-12, TNFa, activates IRF-factor —
regulates members of the interferons (IFN) family. The IRF family
consists of three functional subgroups:

1) transcription activators — IRF-1, IRF-3, IRF-9 (p48, interferon-
stimulated gene factor 3y — ISGF3y);

2) transcription repressors, IRF-8 (interferon consensus se-
quence binding protein ICSBP);

3) proteins, which have properties of both activators and repre-
ssors of transcription — IRF-2, IRF-4/Pip/ISCAT, IRF-5, IRF-6, IRF-7,
IRF-10. The transcription factors IRF are the regulators of the pro-
duction of interferons type | (IFN-a., IFN-B, IFN-w, IFN-t, IFN-9, IFN-k,
IFN-¢, IFN-g/limitin). IRF induce more than 650 genes and lead to
maturation of antigen-presenting cells, mobilize macrophages and
NK;, stimulate the synthesis of antiviral substances and production of
cytokines that activate T- and B-lymphocytes, induce apoptosis of
infected cells, predetermining the process of sanogenesis of infec-
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tious diseases caused by viral intracellular bacterial agents [32].
There is a relationship between TLRs and interferon system. Five
types of TLR: 1, 5, 6, 9, and 16 participate in the biosynthesis of
three main interferon classes. | type interferons (IFNa and IFNB),
which are produced by many cells types, primarily by plasmacytoid
DC, are used for protection against viral infections. Effector mecha-
nisms of antiviral action of these interferons consist, first, in blocking
the translation, which prevents the expression of viral proteins, and,
second, in the degradation of viral RNA by activating RNase L.
Translation block realizes by phosphorylation of initiation factors of
the special protein-kinase R. Antiviral action of type | interferons can
also lead to the programmed death of the infected cells [33].

TLR hyperactivation with the action of endogenous and hetero-
geneous ligands can lead to the development of excessive inflam-
matory response with tissue injury. This is considered as one of the
main mechanisms of the immunopathogenesis of various diseases
[5, 34, 35]. Infection is one of the main factors influencing the change
of TLRs expression. TLR expression level directly correlates with the
severity of the process, which in some cases allows considering
these receptors as early markers of infection [36, 37]. TLRs are
expressed in immune competent tissues (tonsils, lymph nodes,
spleen, thymus), in the integumentary tissues (skin, respiratory,
gastrointestinal, urogenital, corneal, and conjunctival epithelium), in
the internal organs cells (liver, spleen), placenta, adipose tissue, and
nervous system. At the cellular level, TLRs are widely expressed on
structural cells (epithelial, fibroblasts, endothelial) and immune cells
(monocytes, macrophages, neutrophils, antigenpresenting DC, nat-
ural killer cells (NK granular lymphocytes in the peripheral blood and
lymphoid organs) and to a lesser extent on eosinophils, lymphocytes
[38—40]. Congenital immunity cells — macrophages — express all
TLRs classes except TLR8, neutrophils — TLR2, TLRS, TLR4, TLR6,
TLR7, TLR9, dendritic cells — all TLRs, natural killer cells — TLR2,
TLR4, basophils — TLR1, TLR2, TLR4, TLR6, TLR9; mast cells —
TLR1, TLR2, TLR3, TLR4, TLR6, TLR9, monocytes are deprived of
TLRS3, TLR6, TLR7 and TLR10 expression. Inactive TLRs are lo-
cated in the membrane in the monomer state and during activation,
they dimerize [5, 41, 42]. Receptors are not constantly expressed on
the surface, but appear after the interaction with antigens or other
cytokines. Some receptors or their subunits can be secreted by the
cell and dissolved circulate in the blood [1, 5, 41]. The distinctive
features of innate immunity are: direct pathogens recognition using
a limited number of genetically programmed TLRs, interacting with
the molecular structures of the pathogen; the simultaneous expres-
sion of several TLRs of different specificity; innate immunity may
increase the expression level of TLRs in the same cell in the absen-
ce of immunological memory [1, 16, 41]. The family of TLRs consists
of five subfamilies (TLR2, TLR3, TLR4, TLR5, TLR9). The division
is based on similarity of amino acid composition and also on genetic
homology. Certain types of TLR work in pairs: TLR-1 with TLR-2,
TLR-2 with TLR-6. The combination of TLR1/2 recognizes a special
lipopeptide type, which is synthesized only in bacteria, and the com-
bination of TLR2/6 recognizes lipoteichoic acid (another common
component of the walls of gram-positive bacteria). Thus, TLR2/6
recognizes gram-positive bacteria, mycobacteria, and fungi,
TLR1/2 — all of the bacteria [7, 43]. There are receptors located on
the cytoplasmic membrane (TLR1, TLR2, TLR4, TLR5, TLR6, and
TLR10), their ligands are microorganisms surface structures (lipo-
protein, lipopolysaccharides, flagellin, zymosan), and in intracellular
membrane compartments (endoplasmic reticulum, endosome, lyso-

somes, endolysosomes, Golgi apparatus), thus preventing the con-
tact of TLR3, TLR7, TLR8 and TLR9 (which recognize microorgan-
isms nuclear structures molecules, but also can be activated by
damaged molecular structures of its own organism) and endog-
enous nucleic acids of the cells of innate immunity in eosinophils,
macrophages, neutrophils [5, 11, 43, 44]. Binding of intracellular
receptors with ligands occurs only after they enter the cell [45]. If the
nucleic acids released from the damaged tissues as a result of any
infectious or non-infectious processes and thus are outside the cell,
they are absorbed by endocytosis and are presented to intracellular
PRRs. The nucleic acids of bacteria and viruses, that reproduce in-
side the cell, are captured by membrane vesicles and delivered to
TLRs located in endosomes. The intracellular TLR location restricts
contact of the ligand and receptor, resulting in preventing excessive
inflammatory response in the host organism [46]. TLR3, TLR?7,
TLR8, and TLR9 recognize viral nucleic acids. The specificity of the
nucleic acid to a potential pathogen is achieved, first, by the specific
ligand localization in special cellular organelles (endosomes or
phagosomes) and, secondly, by some differences in the structure of
the nucleic acids of the virus and the host. TLR3 dimer recognizes
double-stranded RNA that is formed during the replication cycle of
most viruses, while TLR7 and TLR8 recognize a single-stranded
RNA, so they are involved in the recognition of only those viruses
whose genome presents single-stranded RNA, such as influenza
virus. TLR7 and TLR8 can recognize single-strained RNA viruses
and bacteria [5, 11, 41, 43].

The main function of the TLRs system is to activate the immune
system cells after a contact with a pathogenic biological agent.
Great attention is paid to the study of the natural protective reactions
of the organism in the pathogenesis of various diseases. The first
line of protection from pathogens is the innate immunity, the compo-
nents of which do not change during life [4, 5, 18, 19, 47, 48].
Depending on the nature of the pathogen, there is a growing expres-
sion of TLR. Stimulation of TLRs, with the exposure of infectious and
non-infectious pathogens, initiates a synthesis of non-specific pro-
tection factors in the first phase. A family of antimicrobial peptides
(AMP) acts as endogenous natural antibiotics, performs the function
of killing microbes and as signal molecules, causes the activation of
immune cells; acts as mediators involved in inflammation and anti-
gens, inducing the activation of T cells. Endogenous AMP are small
molecules, composed of amino acids. They are an important com-
ponent of the innate immune system of eukaryotes, which provides
protection against pathogens. AMP are effective against a broad
spectrum of bacteria, fungi, protozoa and enveloped viruses. The
action of small AMP mainly leads to disruption of the structure and
function of the cytoplasmic membrane of microorganisms, which
leads to their death. AMP act not only as endogenous antibiotics,
they also play an important role in the development of inflammation,
the maintenance and regulation of the adaptive immune system.
There are three families of peptides-antibiotics discovered in human:
defensins, cathelicidins, and histatins. Proteins with homologous
molecular structure (BPI) are divided in a separate molecular family.
They are involved in the protection of the respiratory tract in acute
respiratory infections and bacterial infections, chronic pulmonary
diseases, cystic fibrosis. BPI molecular family includes BPI protein,
proteins of the subfamily of products of palate-lung-nasal epithelium
clone (PLUNC), PLTP, and CETP. The balance of proinflammatory
and anti-inflammatory BPI family proteins determines the nature of
the immune response in the infectious process. Disruption of this

13



L

A.V.Karaulov et al. / UHdekunoHHble 6onesnun, 2018, 1. 16, Ne1, c. 70-78

balance can lead to hypo- or hyper reactions, causing an uncon-
trolled course of the infectious process [11, 49]. AMP are able to
modulate the innate immune response and protect against infection,
not only causing, but also suppressing the inflammatory response
[50]. These conservative molecules are secreted by phagocytes and
epithelial cells. These peptides are key components of innate im-
munity, especially on epithelial surfaces, at the primary contact with
the pathogen. AMP are contained in mucus and other fluids located
on the border between the cells of the host and environment, they
are the first line of defense of the organism [51]. In high concentra-
tions, these peptides are able to destroy the microbial cytoplasmic
membrane and shells, and in lower concentrations act as modula-
tors of innate immunity. Cathelicidins (CC) is a family of antimicro-
bial proteins which are mainly found in the peroxidase-negative
granules of neutrophils. These compounds are synthesized in the
form of preproproteins. The human cationic antimicrobial protein
(hCAP18, 18 kDa M. M.) is the only identified by human CC. In ad-
dition to neutrophils, hCAP18 is identified in lymphocytes and mono-
cytes, in the squamous epithelium (mouth, tongue, esophagus,
cervix, and vagina), pulmonary epithelium tissue, keratinocytes in
inflammatory diseases and epididymitis. Antibacterial C-terminal
fragment of hCAP18 — LL37 (37 amino acids), exhibits antimicrobial
activity against gram () and gram (+) bacteria, fungi, some viruses,
and protozoa. LL37 can bind LPS and neutralize its ability to induce
endotoxic shock. LL37 acts as a chemotactic agent for neutrophils,
monocytes, and T-cells. LI37 prevents the sperm from being de-
feated by micro-organisms on the way to the egg and during fertiliza-
tion [52]. Thymic stromal lymphopoietin (TSLP) is produced by cells
of barrier organs: in the skin — by keratinocytes, in the lung — by
epithelial cells; in gastrointestinal tract — by enterocytes; discovered
in culture of thymic cells; smooth muscle cells, pulmonary fibrob-
lasts, activated by IgE binding mast cells, and activated dendritic
cells express and produce it in large quantities [53-57].

Specific components of adaptive immunity. Cytokines produced
by cells of the innate and adaptive immunity have the interrelated
effect on the system of innate and adaptive immunity [58, 59]. The
relationship of innate and adaptive immunity is carried out by DC,
specialized phagocytes concentrated in the spleen, lymph nodes,
and skin. Being antigen-presenting cells, DCs are responsible for
the stimulation of immune competent cells. They express the high
level of stimulant molecules needed to activate T-lymphocytes,
which is the beginning of specific immunity. DC activation and dif-
ferentiation program is started only after a meeting with a pathogen
and stimulation through TLRs. In humans, different types of DC
(myeloid and plasmacytoid) differ in their ability to respond to differ-
ent pathogens due to the different expression of TLRs. Plasmacytoid
DC are the major producers of type 1 interferons that activate NK
and NKT lymphocytes. The local inflammatory response is initially
developing. Myeloid DC, which came to the focus of infection,
phagocytose destroyed infected cells [1, 2, 5]. In the initial stages of
development of acquired immunity TLRs are involved in DC activa-
tion and differentiation: — activation of phagocytosis, processing, and
presentation of antigens; induction of expression of co-stimulatory
molecules CD40, CD80, and CD86; secretion of cytokines that
stimulate differentiation of T-helper cells, cytotoxic lymphocytes, and
NK cells. TLRs activation increases the expression level of co-stim-
ulatory molecules CD80/CD86 on antigen-presenting cells (APC)
that interact with the co-stimulatory molecule CD28 of T lympho-
cytes and lead to a decrease in the activation threshold of T cells,

increase in the IL-2 expression, increase in T-lymphocytes prolifera-
tion and increase in their resistance to apoptosis. T cells, without
co-stimulation, on the contrary, pass into a state of anergy to the
antigen. Interaction of the patterns of pathogens with different TLRs
leads to the refocusing of the immune response, either by cellular or
humoral path. This is due to the fact that the activation of APC
through different TLRs leads to the production of cytokines complex,
having the opposite effect. Depending on | or Il antigens class of the
major histocompatibility complex (MHC) are expressed on APC, the
antigen will be presented to T helper cells (CD4+) or T killer cells
(CD8), and then the response of the acquired immune system will
be formed. Regulation of the selection of different populations of the
regulating cells-helpers is done at the level of certain cytokines pro-
duction. The key cytokines regulating Th1 selection are IFNy, inter-
leukin IL-2, 4, 6, 5, 8, 10 and 13. Production of IFN-y Th1 inhibits the
production of IL-4, and production of IL-10 Th2 inhibits production of
Th1 IFN-y. Different cytokine profile stimulates conversion of ThO to
either Th1 or Th2. Activation of Th1 leads to the development of
cellular inflammation, Th2 direct immune response by the humoral
way, providing the synthesis of antibodies. TLR4 causes differentia-
tion of Th1 and activation of the TLR2 — Th2, that is, specific TLRs
depending on the type of the pathogen can guide the way certain
choices in the development of acquired immunity [1, 2, 18, 60].
Among Th-helper cells in addition to Th1 and Th2 populations, there
are cells, the main role of which consists in the regulation of the im-
mune response — CD4+*CD25. They constitute 5-10% of the
T-helper population and appear after the stimulation of CD4 cells.
This is the third population of Th1, Th2, Th3 (per). These cells acti-
vate the immune response to self-antigens, as well as some alien
— infectious. They maintain tolerance to self-antigens [61]. v/ T
lymphocytes are found mainly in the tissues, mucous membranes,
epithelial layer. y/d T-lymphocytes phenotype and functionally differ-
ent from o/ T lymphocytes of peripheral blood by the structure of
their receptors. In the peripheral blood, their level is not very high.
They have on their surface HML-1-antigen (human mucosal lym-
phocyte antigen-1), which does not exist in the T-lymphocytes of
peripheral blood. In a state of rest, v/ T lymphocytes do not have
subpopulations of CD4+ and CD8*, but after antigen stimulation are
differentiated: most of them (60%) have CD8* markers and only
about 6% — CD4*. A feature of v/8 T cells is that they recognize an
antigen that is not associated with the major histocompatibility com-
plex, and only with heat shock proteins (HSP). These cells partici-
pate in resistance to infections [61].

From the 14*"—15" day of the embryonic period until birth, TLRs
are widely represented in the lung tissue on the surface of the al-
veolar epithelial type 2 and alveolar macrophages. Changes in the
expression of TLRs may be associated with lung pathology in the
early postnatal period [62]. TLR2 and TLR4 are normally identified
on the basolateral surface of intestinal epithelial microvilli in human
fetuses from 18 to 21-week-old, and changes in their expression
may be associated with the pathogenesis of ulcerative colitis [63].
The expression of TLR4 is found on the apical surface of amniotic
epithelium from the 9th week of fetal development. TLR4 on the
basal surface of amniotic epithelium correlates with development
of chorioamnionitis [64]. The importance of TLRs in protecting the
newborns from infections is indirectly confirmed by the presence in
breast milk of a large number of soluble TLR2, which is likely to
complement the protective role of SIgA and IFNoa [65-67].
Gestational age affects the level of expression of TLRs: in prema-
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ture newborns expression level of TLRs is minimal compared to
full-term and older. Therefore, LPS-stimulated via this receptor, the
secretion of IL-6, IL-8, IL-1p and TNFa in children born prema-
turely reduced, which results in high susceptibility to gram-negative
infections [68, 69]. Analysis of the system of TLRs in healthy peo-
ple of different age groups revealed increased values of the effec-
tor functional activity and surface expression of TLR2 in healthy
children aged 0.5 to 3 years compared to children of 10-15 years,
and adult donors 20-40 years [5, 70]. With age, the level of expres-
sion of TLR decreases, which explains the reduced immune reac-
tivity in the elderly [41].

The innate immune system responds to various changes in the
environment (both external and internal, regarding both the body
and individual cells) and is also responsible for changes in metabo-
lism, structural or energy, and for the maintenance of homeostasis
of the organism as a whole. Diseases with a metabolic disorder such
as type 2 diabetes, obesity, hyperglycemia, cause disruption of the
inflammatory response [71, 72]. Plasma TLRs bind to various en-
dogenous ligands, many of which are lipid in nature, including vari-
ous fatty acids and their derivatives. This indicates the close relation-
ship between lipid metabolism and the innate immune system
[43, 73]. Activation of the innate immune system entails the launch
of the antioxidant system [74]. The antioxidant system provides
protection against oxidative stress, provides protection from free
radicals, thereby affecting the severity of the inflammatory process
and the degree of destruction of tissue. Obesity has the infectious
origin. AT (inflammatory reaction of adipose tissue) has no clinical
manifestations. The launch component of IAT is LPS. The source of
LPS is the flora of the intestine: with the death of gram-negative
bacteria component of their membrane translocates in the capillaries
of the intestine and then into the circulating blood. The binding of
LPS with TLR4 in adipocytes leads to the activation of various intra-
cellular kinases, which results in the nuclear translocation of factor
NF-kB in the cell nucleus [75, 76], where it stimulates the transcrip-
tion of genes encoding inflammatory synthesis of regulatory sub-
stances, including cytokines, chemokines. Developing in response
to activation of TLRs intracellular reactions, changes in the secretion
of numerous regulatory substances lead to paracrine and endocrine
ways to change metabolism and inflammation in adipose and other
tissues and organs. Activation of TLR4 in adipocytes stimulates
them to release saturated fatty acids, which in their turn bind to TLR4
and trigger in adipocytes the same as LPS processes. This reaction,
causing the activation of TLR4 after elimination of the causative
agent, increases glucose and lipids in the blood and, thereby, the
processes of recovery in the post-infectious period. But lack of
physical activity and excess food especially in modern man there is
the unintended evolution of the state, when received dietary glucose
and lipids join these substances from the liver and adipocytes
through the activation of TLRs in saturated fatty acids and the devel-
opment of insulin resistance (IR) in fat, liver and muscle cells.
A result of these reactions is an increase in the blood glucose level
and lipids, as energy and plastic substrates essential for the func-
tional activity of immune system cells. Glucose is the primary energy
provider for the immune system [77, 78]. Lipids are the large and
functionally most important part of cellular membranes, defining the
characteristics of cell receptors and cells structures. Activated im-
mune cells have mechanisms to facilitate their increased absorption
of glucose and lipids. The physiological significance of activation of
TLRs in cells of the adipose tissue, liver and muscle cells, with the

subsequently increased allocation of glucose and lipid, is in the
adequate immune responses with energy and plastic material
[41, 79, 80]. As a result, increases the level of glucose, accumulated
fat and increases the level of saturated fatty acids and triglycerides
in the blood. In terms of demand for energy substrates the level of
glycemia rises, accumulated fat and increases the level of saturated
fatty acids and triglycerides in the blood, stimulation of TLRs is grow-
ing, developing immune system dysfunction, local and systemic in-
flammation. The fact of increasing the level of LPS during Chlamydia
pneumoniae infection [81] indicates a possible activation of these
receptors. There is no doubt that the ways and mechanisms of the
effects of viruses, microbes, and parasites on metabolism and the
morphological state of the fatty tissue are very different.

Thus, the systematic review provides a justification for the value
of congenital immunity as an initial, necessary and determinant
stage in the development of adaptive immunity. The participation of
TLRs as a leading component of PRRs-system in maintaining natu-
ral congenital anti-infection resistance and homeostasis of the or-
ganism, in launching and dynamics of development of adaptive im-
munity to pathogens of infectious and non-infectious genesis was
studied in detail. The importance of the influence of these pathogens
on the homeostasis of the organism, on the formation of distur-
bances in anti-infective resistance at the organism and local levels,
revealing new pathophysiological and immunological pathogenetic
mechanisms of the development of these pathological processes is
established. The colossal gap between fundamental studies of the
biology and morphology of microorganisms and clinical studies of
the diseases they cause is shortening. In an accessible form, expla-
nations are provided for the absence of symptoms, the possibility of
atypical manifestations, and the asymptomatic course of infection.
There are new wide opportunities to improve and enhance the infor-
mation content and personalization methods of diagnosis, treatment
and prevention, as well as the creation of pharmaceuticals that act
detrimental to all forms of cycle of development of pathogens, and
new immunomodulatory drugs for the most effective treatment and
prevention of diseases.

References

—_

. Khaitov RM, Ignatyeva GA, Sidorovich IG. Immunology. Norm and Pathology: Tuto-

rial. 3 ed., Rev. Moscow: JSC Publishing house "Medicine', 2010. (In Russian).

2. Lebedev KA, Ponyakina ID. Immunology of pattern recognition receptors (inte-
grated immunology). Moscow: "Librokom" Publishing house, 2009. (In Russian).

3. Gibson J, Gow N, Wong SY. Expression and Funktion of innate Pattent Recognition
Receptors in T and B cells. Immunology, Endocrine & Metabolic Agents in
Medicinal Chemistry. 2010;10(1):11-20. DOI: 10.2174/187152210791171304

4. Ketlinskiy SA, Simbirtsev AS. Cytokines. St. Petersburg: "Foliant" Publ., 2008.
(In Russian).

5. Kovalchuk LV, Gankovskaja LV, Meshkov RY. Clinical Immunology and Allergology:
with the basics of common immunology. Moscow: "Geotar Media" Publ., 2010.
(In Russian).

6. Svitich OA, Gankovskaya LV, Rakhmanov IV, Zaitseva IA, Gankovsky VA.
Association of polymorphic markers localized in the 5-noncoding region of the
DEFB1 gene with the hypertrophy of adenoids. Bulletin of the Russian State
Medical University. 2012;(3):59-63. (In Russian).

7. Nedospasov SA. Congenital immunity and its significance for biology and
medicine. The Bulletin of the Russian Academy of Sciences. 2013;83(9):771-83.
DOI: 10.7868/s0869587313090132 (In Russian).

8. L'vov DK. Medical Virology. Moscow: "MIA" Publ., 2008. (In Russian).

Ia



16

9.

10.

16.
17.

20.

21.

22.

23.

24.

25.

26.

27.

A.V.Karaulov et al. / UHdekunoHHble 6onesnun, 2018, 1. 16, Ne1, c. 70-78

Clark R, Kupper T. Old meets new: the interaction between innate and adaptive
immunity. Journal of Investigative Dermatology. 2005;125(4):629-37. DOI: 10.1111/
j.0022-202x.2005.23856.x

Vieira RA, Diniz EM, Ceccon ME. Correlation between inflammatory mediators in the
nasopharyngeal secretion and in the serum of children with lower respiratory tract
infection caused by respiratory syncytial virus and disease severity. Jornal Brasileiro
de Pneumologia. 2010;36(1):59-66. DOI: 10.1590/s1806-37132010000100011

. Akhmatova NK, Kiselevsky MV. Innate immunity: antitumor and anti-infective.

Moscow: "Practical medicine" Publ., 2008. (In Russian).

. Bhan U, Lukacs NW, Osterholzer JJ, Newstead MW, Zeng X, Moore TA, et al.

TLR9 is required for protective innate immunity in Gram-negative bacterial
pneumonia: role of dendritic cells. The Journal of Immunology. 2007;179(6):
3937-46. DOI: 10.4049/jimmunol.179.6.3937

. Lundberg K, Rydnert F, Greiff L, Lindstedt M. Human blood dendritic cell subsets

exhibit discriminative pattern recognition receptor profiles. The Journal of Immu-
nology. 2014;142(2):279-88. DOI: 10.1111/imm.12252

. Akira S. Innate immunity and adjuvants. Philosophical Transactions of the Royal

Society B: Biological Sciences. 2011;366(1579):2748-55. DOI: 10.1098/rstb.
2011.0106

.Van Amersfoort ES, Van Berkel TJC, Kuiper J. Receptors, mediators, and

mechanisms involved in bacterial sepsis and septic shock Clinical Microbiology
Reviews. 2003;16(3):379-414. DOI: 10.1128/cmr.16.3.379-414.2003

larilin AA. Immunology. Moscow: "Geotar Media" Publ., 2010. (In Russian).
Drexler SK, Foxwell BM. The role of toll-like receptors in chronic inflammation. The
International Journal of Biochemistry & Cell Biology. 2010;42(4):506-18. DOI:
10.1016/j.biocel.2009.10.009

. Kawai T, Akira S. The role of pattern-recognition receptors in innate immunity:

update on Toll-like receptors. Nature Immunology. 2010;11(5):373-84. DOI:
10.1038/ni.1863

. Kawai T, Akira S. Toll-like receptors and their crosstalk'with other innate receptors

in infection and immunity. Immunity. 2011;34(5):637-50. DOI: 10.1016/j.immuni.
2011.05.006

Sprenger S, Javorovic M, Burdek M, Wilde S, Mosetter B, Tippmer S, et al.
Generation of Th1 Polarizing Dendrritic Cells Using the TLR-7/8 Agonist Clo75.
The Journal of Immunology. 2010;185(1):738-47. DOI: 10.4049/jimmunol.
1000060

Palm NW, Medzhitov R. Pattern recognition receptors and control of adaptive
immunity. Immunological Reviews. 2009;227(1):221-33. DOI: 10.1111/j.1600-
065x.2008.00731.x

Tukhvatullin Al, Logunov DY, Sherbinin DN, Shmarov MM, Naroditsky BS,
Gudkov AV, et al. Toll-like receptors and their adaptor molecules. Biochemistry.
2010;75(9):1224-43.

Bianchi ME, Manfredi AA. High-mobility group box 1 (HMGB1) protein at the
crossroads between innate and adaptive immunity. Immunological Reviews.
2007;220(1):35-46. DOI: 10.1111/j.1600-065x.2007.00574 .x

Tsung A, Sahai R, Tanaka H, Nakao A, Fink MP, Lotze MT, et al. The nuclear factor
HMGB1 mediates hepatic injury after murine liver ischemia-reperfusion. The
Journal of Experimental Medicine. 2005;201(7):1135-43. DOI: 10.1084/jem.
20042614

Tsung A, Hoffman RA, Izuishi K, Critchlow ND, Nakao A, Chan MH, et al. Hepatic
ischemia/reperfusion injury involves functional TLR4 signaling in nonparenchymal
cells. The Journal of Immunology. 2005;175(11):7661-8. DOI: 10.4049/jimmunol.
175.11.7661

Feng S, Goodrich NP, Bragg-Gresham JL, Dykstra DM, Punch JD, DebRoy MA,
et al. Characteristics associated with liver graft failure: the concept of a donor risk
index. American Journal of Transplantation. 2006;6(4):783-90. DOI: 10.1111/
j.1600-6143.2006.01242.x

Reutzel-Selke A, Filatenkov A, Jurisch A, Denecke C, Martins PNA, Pascher A,
et al. Grafts from elderly donors elicit a stronger immune response in the early

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

period posttransplantation: a study in a rat model. Transplantation Proceedings.
2005;37(1):382-3. DOI: 10.1016/j.transproceed.2005.01.005

Higuchi ML, Gois JM, Rtis MM, Higuchi-Dos-Santos MH, Diamtnt J, Sousa JM,
et al. Co-infection ratios versus inflammation, growth factors and progression of
early atheromas. APMIS. 2006;114(5):338-44. DOI: 10.1111/j.1600-0463.2006.
apm_351.x

Ferrero-Miliani L, Nielsen OH, Andersen PS, Girardin SE. Chronic inflammation:
importance of NOD2 and NALP3 in interleukin-1b generation. Clinical &
Experimental Immunology. 2007;147(2):227-35. DOI: 10.1111/.1365-2249.
2006.03261.x

Goldstein DR, Tesar BM, Akira S, Lakkis FG. Critical role of the Toll-like receptor
signal adaptor protein MyD88 in acute allograft rejection. Journal Clinical
Investigation. 2003;111(10):1571--8. D0I:10.1172/JCI17573

Hornung V, Rothenfusser S, Britsch A, Krug A, Jahrsdorfer B, Giese T, et al.
Quantitative expression of toll-like receptor 1-10 mRNA in cellular subsets of
human peripheral blood mononuclear cells and sensitivity to CpG oligodeoxy-
nucleotides. The Journal of Immunology. 2002;168(9):4531-7. DOI: 10.4049/
jimmunol.168.9.4531

O’Neill LA, Bowie AG. The family of five: TIRdomain-containing adaptors in Toll-
like receptor signalling. Nature Reviews Immunology. 2007;7(5):353-64.
DOI: 10.1038/nri2079

Boehme KW, Compton T. Innate sensing of viruses by toll-like receptors Journal
of Virology. 2004;78(15):7867-73. DOI: 10.1128/JV1.78.15.7867-7873.2004
Infections in obstetrics and gynecology. Ed by Makarov OV, Aleshkin VA,
Savchenko TN. Moscow: «MEDpress-inform" Publ., 2009. (In Russian).

Koga K, Aldo PB, Mor G. Toll_like receptors and pregnancy: Trophoblast as
modulator of the immune response. The Journal of Obstetrics and Gynaecology
Research. 2009;35(2):191-202. DOI: 10.1111/j.1447-0756.2008.00963.x
Raymond CR, Wilkie BN. Toll-like receptor, MHC Il, B7 and cytokine expression by
porcine monocytes and monocyte-derived dendritic cells in response to microbial
pathogen-associated molecular patterns. Veterinary Immunology and Immuno-
pathology 2005;107(3-4):235-47. DOI: 10.1016/j.vetimm.2005.05.008.

Renn CN, Sanchez DJ, Ochoa MT, Legaspi AJ, Oh CK, Liu PT, et al. TLR activation
of Langerhans cell-like dendritic cells triggers an antiviral immune response. The
Journal ofimmunology. 2006;177(1):298-305. DOI: 10.4049/jimmunol.168.9.4701
Seki E, Brenner DA. Toll-like receptors and adaptor molecules in liver disease:
update [J]. Hepatology. 2008;48(1):322-35. DOI: 10.1002/hep.22306

Micera A, Stampachiacchiere B, Aronni S, dos Santos MS, Lambiase A. Toll-like
receptors and the eye. Current Opinion in Allergy and Clinical Immunology.
2005;5(5):451-8. DOI: 10.1097/01.all.0000182537.55650.99

Eitan Okun, Kathleen J. Griffioen, Mark P. Mattson. Toll-like receptor Signaling
in Neural Plasticity and Disease. Trends Neurosciences. 2011;34(5):269-81.
DOI: 10.1016/j.tins.2011.02.005

Male D, Brostoff J, Roth D, Roitt I. Immunology. Moscow: MIR Publishing house,
2007.

Berezhnaya NM, Sepiashvili RI. Toll-like receptors as physiological regulators of
both innate and adaptive immunity. Allergology and Immunology. 2011;12(2):
187-90. (In Russian).

Takeda K, Akira S. Toll-like receptors in innate immunity. International Immunology.
2005;17(1):1-14. DOI: 10.1093/intimm/dxh186

Marshak-Rothstein A. Toll-like receptors in systemic autoimmune disease. Nature
Reviews Immunology. 2006;6(11):823-35. DOI: 10.1038/nri1957

Saidov MZ, Gadjieva NS, Gavrilova NS, Shatskikh AV, lvanova ZG, Fedorov AV.
Toll-receptors — recognizing receptors of the innate immune system and the eye:
lit. Review. Ophthalmosurgery. 2012;3:77-82. (In Russian).

Nasu K, Itoh H, Yuge A, Nishida M, Narahara H. Human oviductal epithelial cells
express Toll-like receptor 3 and respond to double-stranded RNA: Fallopian tube-
specific mucosal immunity against viral infection. Human Reproduction.
2007;22(2):356-61. DOI:10.1093/humrep/del385



4

4

(o]

49.

50.

5

=

52.

5

wW

5

g

55.

56.

5

\,

5

oo

5

©

6

o

6

=

6.

N

6

wW

64.

~

The role of innate immunity receptors in infectious diseases and maintenance of organism homeostasis

Cario E. Toll-like receptors in inflammatory bovei diseases: a decade later.
Inflammatory Bowel Diseases. 2010;16(9):1583-97. DOI: 10.1002/ibd.21282

. Pradhan VD, Das S, Surve P, Ghosh K. Toll-like receptors in autoimmunity

withspecial reference to systemic lupus erythematosus. Indian Journal of Human
Genetics. 2012;18(2):155-160. DOI: 10.4103/0971-6866.100750

Kumar H, Kawai T, Akira S. Pathogen recognition by the innate immune system.
International Reviews of Immunology. 2011;30(1):16-34. DOI: 10.3109/08830185.
2010.529976

Gee ML, Burton M, Grevis-James A, Hossain MA, McArthur S, Palombo EA, et al.
Imaging the action of antimicrobial peptides on living bacterial cells. Scientific
Reports. 2013;3(1):3-6. DOI: 10.1038/srep01557

. Mangoni ML. Host-defense peptides: from biology to therapeutic strategies. Cellular

and Molecular Life Sciences. 2011;68(13):2157-9. DOI: 10.1007/s00018-011-0709-3
Fahey JV, Schaefer TM, Channon JY, Wira CR. Secretion of cytokines and
chemokines by polarized human epithelial cells from the female reproductive
tract. Human Reproduction. 2005;20(6):1439-46. DOI: 10.1093/humrep/deh806

. Taylor BC, Zaph G, Troy AE, Du Y, Guild KJ, Comea MR, et al. TSLP regulates intestinal

immunity and inflammation in mouse models of helminth infection and colitis. The
Journal of Experimental Medicine. 2009;206(3):655-667. DOI: 10.1084/jem.20081499

. Bogiatzi S, Fernandez |, Bichet JC, Marloie-Provost MA, Volpe E, Sastre X, et al.

Cutting Edge: Proinflammatory and Th2 cytokines synergize to induce thymic
stromal lymphopoietin production by human skin keratinocytes. The Journal of
Immunology. 2007;178(6):3373-7. DOI: 10.4049/jimmunol.178.6.3373

Zhang K, Shan L, Rahman MS, Unruh H, Halayko AJ, Gounni AS. Constitutive and
inducible thymic stromal lymphopoietin expression in human airway smooth
muscle cells: role in chronic obstructive pulmonary disease. American Journal of
Physiology — Lung Cellular and Molecular Physiology Published. 2007;293(2):
1.375-L382. DOI: 10.1152/ajplung.00045.2007

Ma P, Bian F, Wang Z, Chotikavanich S, Pflugfelder SC, Li DQ. Human corneal
epithelium-derived thymicstromal lymphopoietin links the innate and adaptive
immune responses via TLRs and Th2 cytokines. Investigative Ophthalmology and
Visual Science. 2009;50(6):2702-9. DOI: 10.1167/iovs.08-3074

. Okayama Y, Okumura S, Sagara H, Yuki K, Sasaki T, Watanabe N, et al. FceRI-

mediated thymic stromal lymphopoietin production by interleukin-4-primed
human mast cells. European Respiratory Journal. 2009;34(2):425-35.
DOI: 10.1183/09031936.00121008

. Makarov OV, Kovalchuk LV, Gankovskaya LV, Bakhareva IV, Gankovskaya OA.

Miscarriage, infection, and innate immunity. Moscow: "GEOTAR-Media" Publ.,
2007. (In Russian).

. Borsig L, Wolf MJ, Roblek M, Lorentzen A, Heikenwalder M. Inflammatory chemo-

kines and metastasis-tracing the accessory. Oncogene. 2013;33(25):3217-3224.
DOI: 10.1038/0nc.2013.272

.vankovich J, Billiar T, Tsung A. Toll-Like Receptors in Hepatic Ischemia/

Reperfusion and Transplantation. Gastroenterology Research and Practice. 2010;
2010:1-8. DOI: 10.1155/2010/537263

. Drannik GN. Clinical immunology and Allergology. A manual for students, doctors-

interns, immunologists, allergists, doctors of therapeutic profile of all specialties.
Kiev: LLC Poligrfpljus; 2010. (In Russian).

. Droemann D, Goldmann T, Branscheid D, Clark R, Dalhoff K, Zabel P, et al. Toll-like

receptors 2 is expressed by alveolar epithelial cells type 2 and macrophages in the
human lung. Histochemistry and Cell Biology. 2003;119:103-8. DOI: 10.1007/
$00418-003-0497-4

. Nanthakumar N, Meng D, Goldstein AM, Zhu W, Lu L, Uauy R, et al. The

Mechanism of Excessive Intestinal Inflammation in Necrotizing Enterocolitis:
An Immature Innate Immune Response. Plos ONE. 2011;6(3):e17776. DOI:
10.1371/journal.pone.0017776

Adams KM, Lucas J, Kapur RP, Stevans AM. LPS induces translocation of TLR4
in amniotic epithelium. Placenta. 2007;28(5-6):477-481. DOI: 10.1016/j.placenta.
2006.08.004

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

LeBouder E, Rey-Nores JE, Rushmere NK, Grigrof M, Lawn SD, Affolter M, et al.
Soluble forms of toll-like receptors (TLR2) capable of modulating TLR2 signaling
are present in human plasma and breast milk. The Journal of Immunology.
2003;171(12):6680-9. DOI: 10.4049/jimmunol.171.12.6680

LeBouder E, Rey-Nores JE, Raby AC, Affolter M, Vidal K, Thornton CA, et al.
Modulation of neonatal microbial recognition: TLR-mediated innate immune
response is specifically and differentially modulated by human milk. The Journal
of Immunology. 2006;176(6):3742-52. DOI: 10.4049/jimmunol.176.6.3742
Interferon status, interferon preparations in the treatment and prevention of
infectious diseases and rehabilitation of patients. Ed by Afanasiev SS, Onishchenko
GG, Aleshkin VA, Feklisova LV, Afanasiev MS, Aleshkin AV. Moscow: "Triada-X"
Publ., 2005. (In Russian).

Forster-Waldi EK, Sadeghi D, Tamandl D, Gerhold B, Hallwirth U, Rohrmeister K,
et al. Monocyte TLR4 expression and LPS-induced cytokine production increase
during gestational aging. Pediatric Research. 2005;58(1):121-4. DOI: 10.1203/01.
PDR.0000163397.53466.0F

Sadeghi K, Berger A, Langgartner M, Prusa A.-R, Hayde M, Herkner K, et al.
Immaturity of infection control in preterm and term newborns is associated with
impaired toll-like receptor signaling. The Journal of Infectious Diseases.
2007;195(2):296-302. DOI: 10.1086/509892

Kovalchuk LV, Khoreva MV, Nikonova AS, Finogenova NA, Mamedova EA,
Polovtseva TV, et al. Indirect Toll-like receptors functional activity of mononuclear
cells in children with neutropenia. Journal of Microbiology, epidemiology, and
Immunobiology. 2010;(2):64-8.

Libby P. Inflammatory Mechanisms: The Molecular Basis of Inflammation and
Disease. Nutrition Reviews. 2007;65(12):140-6. DOI: 10.1301/nr.2007.dec.
$140-s146

Bastard JP, Maachi M, Lagathu C, Kim MJ, Caron M, Vidal H, et al. Recent
advances in the relationship between obesity, inflammation, and insulin resistance.
European Cytokine Network. 2006;17(1):4-12.

Huang S, Rutkowsky JM, Snodgrass RG, Ono-Moore KD, Schneider DA,
Newman JW, et al. Saturated fatty acids activate TLR-mediated proinflammatory
signaling pathways. Journal of Lipid Research. 2012;53(9):2002-13. DOI: 10.1194/
jlr.d029546

Burdelya LG, Krivokrysenko VI, Tallant TC, Strom E, Gleiberman AS, Gupta D, et al.
An agonist of Toll-like receptor 5 has radioprotective activity in mouse and primate
models. Science. 2008;320(5873):226-30. DOI: 10.1126/science.1154986

Brikos C, O'Neill LAJ. Signaling of toll-like receptors. Toll-Like Receptors (TLRs)
and Innate Immunity. 2008;(183):21-50. DOI: 10.1007/978-3-540-72167-3_2
Bés-Houtmann S, Roche R, Hoareau L, Gonthier M-P, Festy F, Caillens H, et al.
Presence of functional TLR2 and TLR4 on human adipocytes. Histochemistry and
Cell Biology. 2006;127(2):131-7. DOI: 10.1007/s00418-006-0230-1
Desruisseaux MS, Nagajyothi, Trujillo ME, Tanowitz HB, Scherer PE. Adipocyte,
Adipose Tissue, and Infectious Disease. Infection and Immunity. 2006;75(3):1066-
78. DOI: 10.1128/iai.01455-06

Ciofani M, Zuniga-Pflucker JC. Notch promotes survival of pre-T cells at the
b-selection checkpoint by regulating cellular metabolism. Nature Immunology.
2005;6(9):881-8. DOI: 10.1038/ni1234

Mattacks CA, Sadler D, Pond CM. The effects of dietary lipids on dendritic cells in
perinodal adipose tissue during chronic mild infammation. British Journal of
Nutrition. 2004;91(6):883-92. DOI: 10.1079/bjn20041147

Magee T, Pirinen N, Adler J, Pagakis SN. Parmryd I. Lipid rafts: cell surface plat-
forms for T cell signaling. Biological Research. 2002;35(2):127-31. DOI: 10.4067/
s0716-97602002000200003

Lajunen T, Vikatmaa P, Bloigu A, Ikonen T, Lepantalo M, Pussinen PJ, et al.
Chlamydial LPS and high-sensitivity CRP levels in serum are associated with an
elevated body mass index in patients with cardiovascular disease. Innate
Immunity. 2008;14(6):375-82. DOI: 10.1177/1753425908099172

11



18

A.V.Karaulov et al. / UHdekunoHHble 6one3nun, 2018, 1. 16, Ne1, ¢c. 70-78

Information about the authors:

Stanislav S. Afanasiev, MD, PhD, DSc, professor, deputy director
G.N.Gabrichevsky Moscow Research Institute for Epidemiology

and Microbiology, Federal Service for the Oversight of Consumer Protection
and Welfare

Address: 10, Admirala Makarova str., Moscow, 125212, Russian Federation
Phone: (495) 452-1816

E-mail: afanasievss409.4 @bk.ru

Vladimir A. Aleshkin, PhD, DSc in biology, professor director, G.N.Gabrichevsky
Moscow Research Institute for Epidemiology and Microbiology Federal Service
for the Oversight of Consumer Protection and Welfare

Address: 10, Admirala Makarova str., Moscow, 125212, Russian Federation
Phone: (495) 452-1816

E-mail: info@gabrich.com

Nataliya L. Bondarenko, MD, PhD, senior research fellow at the department
of clinical allergology and immunology, I.M.Sechenov First Moscow State
Medical University (Sechenov University)

Address: 8/2, Trubetskaya str., Moscow, 119991, Russian Federation
Phone: (499) 248-0181

Email: bondarenkomed @yandex.ru

Elena A. Voropaeva, PhD in biology, head of the laboratory of clinical microbiology
and biotechnology, G.N.Gabrichevsky Moscow Research Institute for
Epidemiology and Microbiology Federal Service for the Oversight of Consumer
Protection and Welfare

Address: 10, Admirala Makarova str., Moscow, 125212, Russian Federation
Phone: (495) 452-1816

E-mail: voropaevaea2011@gmail.ru

Maksim S. Afanasiev, MD, PhD, DSc, professor of department of clinical
allergology and immunology, I.M.Sechenov First Moscow State Medical
University (Sechenov University)

Address: 2/6 Bol'shaya Pirogovskaya str., Moscow, 119991, Russian Federation
Phone: (499) 118-5047

E-mail: mafa78 @inbox.ru

Yuriy V. Nesvizhsky, MD, PhD, DSc, professor, dean of the faculty

for preventive medicine, 1.M.Sechenov First Moscow State Medical University
(Sechenov University)

Address: 2/6, Bol'shaya Pirogovskaya str., Moscow, 119991, Russian Federation
Phone: (495) 609-1400

E-mail: nesviz@mail.ru

Andrey V. Aleshkin, PhD, DSc in biology, MBA, head of laboratory of clinical
microbiology and biotechnology of bacteriophages, G.N.Gabrichevsky Moscow
Research Institute for Epidemiology and Microbiology Federal Service for the
Oversight of Consumer Protection and Welfare

Address: 10, Admirala Makarova str., Moscow, 125212, Russian Federation
Phone: (495) 452-1816

E-mail: ava@gabri.ru

Olga Yu. Borisova, MD, PhD, DSc, head of the laboratory for diphtheria and
pertussis infections diagnostics, G.N.Gabrichevsky Moscow Research Institute

for Epidemiology and Microbiology Federal Service for the Oversight of Consumer
Protection and Welfare

Address: 10, Admirala Makarova str., Moscow, 125212, Russian Federation
Phone: (495) 452-1816

E-mail: olgborisova@mail.ru

Andrey L. Pylev, MD, PhD, deputy head physician on medical work,
"Innovative Medical Technology Centre" (European Clinic)

Address: 22-b, Dukhovskoi per., Moscow, 115191, Russian Federation
Phone: (495) 132-0411

Yulia N. Urban, MD, PhD, research fellow at the laboratory of clinical
microbiology and biotechnology, G.N.Gabrichevsky Moscow Research Institute
of Epidemiology and Microbiology Federal Service for the Oversight of Consumer
Protection and Welfare

Address: 10, Admirala Makarova str., Moscow, 125212, Russian Federation
Phone: (495) 452-1816

E-mail: urbanek @mail.ru

Svetlana S. Bochkareva, PhD in biology, senior research fellow of the laboratory
of immunobiological preparations, G.N.Gabrichevsky Moscow Research Institute
for Epidemiology and Microbiology, Federal Service for the Oversight of Consumer
Protection and Welfare

Address: 10, Admirala Makarova str., Moscow, 125212, Russian Federation
Phone: (495) 452-1816

E-mail: cip1989 @gmail.com

Oleg V. Rubalsky, MD, PhD, DSc, professor, head of the chair

of microbiology, Astrakhan State Medical Academy

Address: 121, Bakinskaya str., Astrakhan, 414000, Russian Federation
Phone: (8512) 52-3599

E-mail: rubalsky.innovation @ gmail.com

Alexandr D. Voropaev, Junior Research Associate of the Laboratory

of Clinical Microbiology and Biotechnology, G.N.Gabrichevsky Moscow
Research Institute for Epidemiology and Microbiology, Federal Service for the
Oversight of Consumer Protection and Welfare

Address: 10, Admirala Makarova str., Moscow, 125212, Russian Federation
Phone: (495) 452-1816

E-mail: advoropaev@gmail.com

WUHdopmauums o coaBTopax:

AdbaHacbeB CtaHucnae CTenaHoBUY, [OKTOP MEAULIMHCKUX HayK, mpodeccop,
3amecTuTenb gupektopa Mockosckoro HAW snngemmonorum n Mmkpoéuonorum
um. '.H.l'a6punuyesckoro PocnotpebHaa3opa, 3acnyXeHHbl gestenb Haykn PO
Appec: 125212, Mocksa, yn. Aopmupana Makaposa, 10

TenedoH: (495) 452-1816

E-mail: afanasievss409.4@bk.ru

AnélwkunH Bnagumump AHgpraHoBuY, JOKTOP 6MON0rM4eckux Hayk, npodeccop,
aupektop Mockosckoro HAW anngemunonorum n Mmkpoéuonorumn

um. .H.l'abpunuesckoro PocnotpebHaasopa, 3acnyXeHHbIn Aeatens Haykn PO
Appec: 125212, Mocksa, yn. Aopmupana Makaposa, 10

TenedoH: (495) 452-1816

E-mail: info@ gabrich.com

BorpapeHko Hatanbs JleoHnaoBHa, kaHanAAT MEAULIMHCKMX Hayk,
CTapLUUA Hay4HbIA COTPYAHUK OTAENEHNS KIIMHUYECKOW annepronorum

1 uMMyHonorum MNepeoro MoCKOBCKOrO rocyfapCTBEHHOrO MEANLIMHCKOMO
yHuBepcuteTa uMm. M.M.CeyeHoa (CeveHoBCKUIA YHUBEPCUTET)

Appec: 119991, Mocksa, yn. Tpy6eLkas, 8, cTp. 2

TenedoH: (499) 248-0181

E-mail: bondarenkomed @yandex.ru

Boponaesa EneHa AnekcanapoBHa, kaHauaaT 6MONorn4eckmx Hayk, 3aBedyoLas
nabopaTopuent KNMHNYeCKo MUKpobuonormm n uotexHonornm Mockosckoro HAN
anuaemuonorum n Mukpoémonorum uMm. I.H.rabpuyesckoro Pocrnotpe6Hansopa
Appec: 125212, Mocksa, yn. Aopmupana Makaposa, 10

TenedboH: (495) 452-1816

E-mail: voropaevaea2011@gmail.ru

AdpanacbeB Makcum CtaHuMcnaBoBWY, [OKTOP MEAMLUMHCKMX HayK, npodeccop
kadeapbl KIIMHUYECKOW annepronorum n nmmyHonorum MNepsoro Mockosckoro
rocyAapCTBEHHOro MeaMuUMHCKoro yHueepcuteta um. U.M.CedveHoBa
(CeveHoBCKMI YHUBEPCUTET)

Appec: 119991, Mocksa, yn. BonbLluas Muporoeckas, 2/6

TenedoH: (499) 118-5047

E-mail: mafa78@inbox.ru

HecBwxckuii KOpuin BnagMnpoBuy, LOKTOP MEAULIMHCKNUX Hayk, npodeccop,
[eKaH Meaunko-npodunaktTnieckoro dakynesreta Nepsoro Mockosckoro
rocyAapCcTBEHHOro MeamuUmMHCKoro yHueepcuteta um. .M.CeveHoBa
(CeyeHoBckuiA YHBEpCUTET)

Appec: 119991, Mocksa, yn. BonbLuas Muporosckas, 2/6

TenedoH: (495) 609-1400

E-mail: nesviz@mail.ru

AnéLikvH AHgperi Bnagmmmnposumd, JOKTOP 6MONOrMHECKUX HayK, PYKOBOAUTENb
nabopatopun KNMHUYECKON MUKpoBronormm n 6uotexHonornm 6akrepmodaros
Mockosckoro HUW anvpgemunonorum n mukpo6uonorum um. I.H.Ma6punyesckoro
Pocnotpe6Hansopa

Appec: 125212, Mocksa, yn. Aopmunpana Makapoea, 10

TenedooH: (495) 452-1816

E-mail: ava@gabri.ru

Bopucosa Onbra lOpbeBHa, AOKTOP MEAULIMHCKUX HayK, [JOLEHT, PyKOBOAUTENb
naéopatopuv ANarHOCTUKN ONATEPUAHON U KOKIIOLLHON MHAekumin MockoBcKoro
HUWN anugemnonorum n mukpoéuonorum um. I.H.Mabpuyesckoro PocrnotpebHagsopa
Appec: 125212, Mocksa, yn. Aopmupana Makapoea, 10

TenedoH: (495) 452-1816

E-mail: olgborisova@mail.ru

Mbinés AHgpert JIbBOBUY, KaHANAAT MEAULMHCKUX HayK, 3aMeCTUTENb MMaBHOro
Bpada no neyebHon pabote OO0 «LIeHTp MHHOBALIMOHHbBIX MEANLIMHCKNX
TexHonoru» (Eeponerickas KnvHuka)

Appec: 115191, Mocksa, [lyxoBckon nep., 22-6

TenedoH: (495) 132-0411

VYp6aH tOnus HukonaesBHa, kaHaMAaT MEOULIMHCKUX HaYK, Hay4HbI COTPYAHMK
naéoparopumn KNMHUYECKOM MUKpobuonorum n éuotexHonorum Mockosckoro HAU
anugemMuonorum u Mmukpoéuonorum um. I'.H.rabpuyesckoro Pocnotpe6Hansopa
Appec: 125212, Mocksa, yn. Aopmupana Makaposa, 10

TenecboH: (495) 452-1816

E-mail: urbanek @ mail.ru

Boukapésa CeetnaHa CepreeBHa, kKaHaMAaT 6MONOrM4ECKMX HayK, CTapLUni
Hay4HbIi COTPYAHWUK naéopaTopum MMMYyHOBMONOrM4eCcKMX npenaparos
Mockosckoro HAW anugemuonorum n mukpo6uonorum um. I.H.Mabpuyesckoro
Pocnotpe6Hapsopa

Appec: 125212, Mocksa, yn. Aopmupana Makaposa, 10

TenecboH: (495) 452-1816

E-mail: cip1989 @ gmail.com

Py6anbckuii Oner Bacvnbesun4, JOKTOP MEANLIMHCKUX HayK, npodeccop,
3aBefyoLwmnin Kadenpon MUKpo6unonorum AcTpaxaHCcKom rocyaapCTBeHHON
MeOVLMHCKOWN akagemMum

Appec: 414000, ActpaxaHb, yn. BakuHckas, 121

TenecboH: (8512) 52-3599

E-mail: rubalsky.innovation @ gmail.com

Boponaes AnekcaHap IMWUTpreBmny, MnaaLumnid Hay4Hbli COTPYAHVK fabopaTtopum
KIIMHUYECKOM MUKpobuonorum n uotexHonornm Mockosckoro HAW annaemumonorum
1 Mukpobuonorum nvenn I.H.rabpuyesckoro Pocnotpe6Hapsopa

Appec: 125212, Mocksa, yn. Aopmunpana Makapoea, 10

TenedoH: (495) 452-1816

E-mail: advoropaev@gmail.com



