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Abstract. This review article discusses the basic concepts of membrane-bound receptors of innate immunity —
Toll-like receptors. Basic methods for the determination of their expression used in clinical studies, as well as the
results obtained with them are discussed. Prospects for future research based on complete information about the
system TLR also discussed. These studies will clarify the molecular defects and localize disturbances in the innate
immune system and will evaluate their role in the pathogenesis and treatment of a wide range of diseases.

Individual susceptibility to infection is determined by pathogens, environmental factors and the state
of the immune system [1]. Protection at the local level after contamination is carried out by typical
inflammatory response, which aims to recognize and destroy the pathogen and its components. B and T
lymphocytes carrying the adaptive immune response recognize pathogens using high-affinity receptors.
However, the development of adaptive immunity typically is slow enough, as it assumes the activation,
proliferation of lymphocytes and synthesis of proteins, such as cytokines and immunoglobulins. A more
rapid development of immune reactions is provided by the innate immune response which recognizes the
pathogens with special receptors that have broader specificity than the lymphocyte receptors [2].

The mechanisms by which the innate immune system recognizes pathogens are sufficiently evolu-
tionarily stable and provide effective protection of the organism, despite the rapid mutational variability in
viruses and bacteria. The main reason for the continued effectiveness of this is that the innate immune
system by soluble and cell-bound receptors recognizes the broad structural patterns. They are rather
conservative groups within certain pathogens and are usually necessary for survival, and usually are
absent in the host. Recognition is performed by two types of so called pattern-recognition receptors:
cellular and soluble. Mannose-binding lectin receptors, immunoglobulin receptors, proteins of the com-
plement system, scavenger receptors, and some others are cellular receptors [3,4].

These receptors are called pattern recognition receptors (PRR), as they recognize specific molecular
patterns. The corresponding molecular structures that are composed of pathogens are called pathogen-
associated molecular patterns (PAMS). PAMS recognize PRR with different chemical nature, including
specific combinations of sugars, some proteins, lipid-containing molecules, and nucleic acids, some
patterns. Limitation of recognition of the innate immune system by molecular structures included in the
composition mainly bacteria, viruses and other pathogens aims the innate immune system primarily to
infectious and not on any objects foreign to an organism. For example, double-stranded RNA is an
intermediate product required for replication of RNA viruses, and its recognition is an important trigger
innate anti-viral protection. Detection of Gram-negative bacteria is accomplished by recognition of the
LPS component of the outer membrane. The presence of the LPS component is necessary for the survival
of the majority of this type of bacteria. Recognition of Gram-positive bacteria is carried out in contact with
the receptors of innate immunity conservative PAMS, forming part of their cell walls. Such structures are
peptidoglycan and lipoteichoic acid, which are necessary for the structural integrity of their cell walls
[3,6].
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A special group of cellular receptors are the Toll-like receptor (TLR), which are located mainly on
the surface of cells of innate immunity. These receptors are primarily detected PAMS bacteria, viruses and
other pathogens, and play an important role in the development of the innate immune response.

These receptors recognize molecular structures that are common to whole groups of pathogens. TLR
interact with molecular structures that do not exist in humans, but present on pathogens. TLR are widely
distributed in the cells of host. They induce the activation and expression of specific genes whose expres-
sion controls mechanisms ensuring the destruction of invading pathogens. As a result of TLR activation a
wide spectrum of biological responses appears inducing the synthesis of pro-inflammatory cytokines and
interferons which implement innate immune responses as well as the expression of costimulatory
molecules that facilitate activation of T-lymphocytes, and stimulate development of the adaptive immune
response [3, 7].

The main stages of intracellular activation from TLR signaling fo the cell nucleus. The first step is to
generate a signal, i.e. ligand binding to the corresponding TLR. Formation of intracellular components of
the induced signal and performing active signaling pathway occurs thereafter. The main elements of this
ensemble are adapter proteins (such as MyD88 and TRIF). They specifically bind to the intracellular
domain of TLR specific and intracellular proteins, they combine and provide the transmission signal to the
cytoplasm. The so-called "second messenger” is formed inside the cell. They are molecules which can
diffuse into other areas of cells and stimulate secondary changes there. Activation key enzymes ma signal
transduction (protein kinases and protein phosphatases) is the next step. Kinases catalyze the phospho-
rylation of corresponding amino acid residues that are part of the protein (tyrosine, serine, threoning)
involved in signal transduction. Phosphatases catalyze the dephosphorylation and cancel the effect of
kinases. The subsequent multiplication of the signal carried out by means of a number of enzymes.
Included in the signal transduction pathway enzymes (IRAK-kinases and MAP-kinases) catalyze many
subsequent reaction after the initial activation. Then, they cause the formation of a large number of
molecules of the next component, which considerably increases the signal at each stage of the trans-
mission in the cytoplasm. As a result, a large number of effector molecules such as nuclear transcription
factor NFkB and interferon regulatory factor IRF are formed. NFkB stimulates transcription of genes that
control the synthesis of proinflammatory cytokines [6, 8, 9].

It was found that cach type of TLR recognizes a well-defined repertoire of conservative molecular
structures of pathogens. Full set of Toll-like receptors, those are present in human or mouse, can detect a
plurality of different pathogens (viruses, bacteria, fungi, and even protozoa).

Currently ten TLR men ligands are identified. Most PAMS which are recognized by TLR are
conserved molecular structures. They are necessary for the integrity, performance or replication of certain
pathogens. For example, the viruses can’t operate without their essential component - the nucleic acids.
Gram-negative bacteria can’t exist without the LPS-containing walls, and zymosan is necessary com-
ponents of the cell walls of fungi. Mutations in pathogens that affect their basic structural components are
usually lethal. Double-stranded RNA, which is a ligand for TLR3, is obligatory intermediate product in
replication of RNA viruses. Therefore TLR3 very effectively detects contained in the cell cytoplasm RNA
viruses.

There are associated with dangerous situations for the life of cells, molecular structure — DAMPs
among the ligands that are recognized by TLR. Such structures are formed when damaged cells and
tissues are in different stress conditions (thermal, chemical and mechanical) and in cell necrosis and
apoptosis. Such ligands are, for example, heat shock proteins (HSP60, HSP70), low density lipoproteins,
cells associated with chromatin protein HMG-B1, which is released upon cell necrosis, and others.
Excessive activation via TLR innate immune cells may lead to the development of a number of patholo-
gical inflammatory processes in the body. These include local and systemic autoimmune processes, the
formation of large pockets of necrotic tissue in stroke and heart attack, with massive burns, injuries and
severe infections, including sepsis. Ligands that are recognized by TLR are highly diverse in chemical
nature. These include proteins, lipids, polysaccharides and nucleic acids. Some TLR directly bind to their
ligands. But in other cases, the recognition process also involves accessory proteins. An example of such
recognition is the binding of bacterial LPS to TLR4, which contribute two auxiliary MD-2 protein and
lipid soluble binding protein.
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Monomers LPS are extracted from bacterial membranes using serum lipid binding protein. Lipid-
binding protein carries monomer LPS to a lipid-binding protein portion of the molecule on the membrane
of the phagocyte SD14. CD14 promotes the binding of LPS to the complex TLR4 - MD-2. Interaction
with LPS complex TLR4 - MD-2 leads to the transfer of the signal inside the cell TLR4. It was
experimentally demonstrated that genetic deletion of the protein CD14 on the surface of neutrophils and
macrophages or blocking its functions via monoclonal antibodies significantly reduce the sensitivity of
these cells to bacterial LPS [6,10].

Toll-like receptors that interact with extracellular ligands are included in the plasma membrane of the
host cell. TLR, that bind ligands which are formed within the cell are associated with intracellular
membranes. For example, TLR, which recognize components of the cell walls of bacteria and fungi
(TLR2, TLR4, TLRS, TLR6), are located on the surface of cells of innate immunity. At the same time,
TLR, which recognize viral or microbial nucleic acid (TLR3, TLR7, TLRS, TLR9), are localized to
intracellular membranes. They contact with their ligands in phagolysosomes or endosomes. Such
localization of these receptors enables detecting nucleic acids released from microbial cells or virions after
phagocytosis and their partial hydrolysis.

Certain TLR form dimers, including other TLR. For example, TLR4 forms homodimers, TLR2 can
form heterodimers with TLR1 and TLR6. Formation of dimeric complexes affects their specificity.
Formation of dimeric complexes affects their specificity. This allows such a receptor recognize LPS,
zymosan, lipoteichoic acid, peptidoglycan of bacteria and bacterial lipoproteins. TLR2 + TLRI
heterodimers recognize bacterial lipoproteins and some characteristic surface proteins of the parasite.

TLRS5 recognizes flagellin monomers (the main structural component of bacterial flagella) and
monomers TLR3 recognizes double-stranded RNA, which appears in the cytoplasm of cells after infection
with RNA viruses. Single- RNA of viruses is a ligand for monomeric receptors TLR8 and TLR7.
Monomer TLR9 recognizes and initiates a response against CpG DNA sequences, which are characteristic
of microbial DNA and practically do not occur in vertebrate DNA [6,9,11]. TLR are widely distributed in
the cells of microorganism. It was established that TLR are expressed on most cells in the mammalian
body. However, for the induction and development of both innate and adaptive immune responses TLR
play a most important roleThey are presented in monocytes / macrophages, dendritic cells, neutrophils,
mast cells, NK-cells, mucosal epithelium. These cells constitute the first barrier to the penectration of
pathogens into the body, as well as vascular endothelial cells. The main cell types of the innate and
adaptive immune systems expressing different TLR number are shown in Table.

Expression of TLR cells of the innate and adaptive immunity

Cell types 1LR

1 2 3 4 5 6 7 8 9 10
Monocytes/ Macrophages + + - + + + = + + —
Dendritic cells + + + + + - + - + +
Neutrophils + + 2 + — = = — + —
Mast cells + + + + - + - — + —
NK-cells + - + - + - + - -
Mucosal epithelial cells and vascular endothelial | + + = + = = = - -
B lymphocytes + - - — - ++ + - + +
T lymphocytes + - - - + - - + - -

A wide range of TLR ligands and the representation of these receptors on many cells promote the
involvement of TLR in the pathogenesis of many diseases. Defects in the TLR can lead to development of
serious infectious diseases (sepsis, meningitis), autoimmune discases, atherosclerosis, allergy [12, 13].
Such defects include disorders recognition ligands, expression of TLR, signal transduction, production of
effector molecules and gene polymorphism TLR. Defects molecules involved in signal transduction from
the TLR are the basis increased susceptibility to infections. For example, children with a mutation in the
gene encoding the IRAK-4 kinase, from an early age suffer from severe pyogenic infections caused by
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Gram-positive organisms [14]. At the same time, excessive activation signaling pathway from the TLR is
associated with development of sepsis, inflammatory bowel disease which can cause tissue destruction.
The number of associations between the various pathologies and disorders in the TLR is growing. In
connection with this, adequate and reliable methods of analysis of TLR are nesessary to identify
immunodeficiency disorders associated with impaired functional activity of TLR that can be replicated in
a standard clinical laboratory [15].

Determination of the expression of TLR. TLR expression on the cell surface is often determined by
immunofluorescence. The principle of this method is that it uses fluorescent dyes labeled monoclonal
antibodies (MABs) against CD - markers of cell types simultancously with other fluorochrome-labeled
MABE: for the studied TLR (method of "double labels").

1. Flow cytometry laser.

Sample preparation for flow cytometry is usually carried out as follows: the nucleus containing cells
in peripheral blood are being isolated from erythrocyte sedimentation with 3% gelatin solution. The cell
suspension for the study of intracellular TLR expression is pretreated with fixing solution. Then the
antibodies are being added. To study the expression of surface TLR processing with this solution is not
required as TLRI, 2, 4, 6 and 10 are predominantly membrane associated. Treatment of secondary anti-
mouse antibody labeled with PE or FITS must also conform to generally accepted standards. As isotype
control of cytometric measurements IgG-fraction from the non-immunized mice is used. The final analytic
concentration is 2x106 cells / ml. Flow cytometry is performed on a laser device with an argon laser with a
wavelength of 488 nm. Cytograms study of cell suspension is derived on base of recorded parameters, the
forward scattered light (FSC) and side light scatter (SSC) in the mode of dot-plot. Analysis of the
fluorescence intensity and the percentage of fluorescent cells is carried out in the green region (FITS) FL1
(530 nm) and orange region (PE) FL2 (585 nm). Cells are analyzed in argon laser beams at a flow rate of
5000 cells / sec. Mean fluorescence intensity of cells is expressed in arbitrary units of fluorescence (AUF).

2. m-RNA expression of TLR genes.

m-RNA expression of TLR genes is usually determined by PCR in "real time" (RT), combined with
reverse transcription by using specific primers. For example, expression of TLR2 and TLR4 gene can be
carried out by using the following primers: a TLR-2 - TLR2-F1-CCTTCACTCAGGAGSAGCAAGC, TLR2-
RI1 - TGGAAACG-GTGGCACAGGAC,; to the TLR-4 - TLR4TF6 - GAAGGGGT-GCCTCCATTTCAGC,
TLR4-R6 - GCCTGAGCAGGGTCT-TSTSSA. TLR expression levels of mRNA are controlled by the
gene GAPTAH (GAPDH-F1 - TGC-MTCCTGCACCACCAACT; GAPDH-F2 - YGCCTGCTTCAC-
SASSTTS) due to the similar expression of this gene in human reproductive tract tissues [16].

Currently, methods using these studies were conducted in tens study of Toll-like receptor for various
human diseases.

Some authors have conducted a comparative analysis of the expression of receptors TLR and NOD-2
in nasal polyps tissue and peripheral blood cells and the role of these parameters in the pathogenesis of
polypoid rhinosinusitis was evaluated [17, 18].

As result of research TLR and NOD receptors, the researchers showed that the greatest pathogenetic
significance lies in authentic increase in the expression of receptors TLR4 and TLRS5 on granulocytes,
monocytes and peripheral blood lymphocytes and cells of the inflammatory infiltrate in nasal polyps.
Authentic inhibition of expression of TLR7 in these same cells is also shown. It is known that activation
of innate immunity, TLR expression amplification entails a plurality of pathophysiological effects [8]. As
for the pathogenesis of polypoid rhinosinusitis, where bacterial and fungal infection plays a role trigger
immune inflammation in situ, the most important consequence is overproduction of pro-inflammatory
cytokines and chemokines, which is a major factor in the formation of cellular inflammatory infiltrate.
Intensification of phagocytic and antigen-presenting cell function macrophage-monocytic series, which is
accompanied by overproduction of inflammatory mediators, is also characterized. As a consequence, the
activation of the adaptive immune system for the deployment of the antigen specific lymphocyte immune
response develops in situ [18-20].

Some authors [15] have developed an approach to the evaluation of system components TLR in
healthy subjects, patients with immunopathology (common variable immune deficiency - CVID) and
pathological processes in acute noninfectious origin (acute myocardial infarction - AMI). Functional
activity of TLR was assessed by TNF-o production by human peripheral blood monocytes in response to
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ligands of TLR. TNF-qa is one of the main effector cytokines, providing for the development of the
inflammatory response. In the proposed method, the authors used the mononuclear cells, but not whole
blood, as the soluble inhibitors of TLR, cytokines, preexisting plasma may affect the assessment of the
TLR negatively. Investigations have shown that the mononuclear cells of patients with CVID are
characterized by low growth level of TNF-a in response to ligands TLR2, 6, 4 and 5 in vitro. This can lead
to a weakening of immune function in these patients by repeated infection in vivo. With the development
of acute pathological states such as myocardial infarction, an important role is played by the innate
immune cells - neutrophils, macrophages and pro-inflammatory cytokines. Their expression can be
induced in the cells by activation of innate immunity receptors. In the study of spontaneous and induced
TLR ligands TNF-a production by mononuclear cells of patients with AMI, the authors showed that the
predictor of adverse outcome of discase may be an additional increase in the production of TNF-a by
mononuclear cells of patients in response to TLR ligands LPS and zymosan to 14th days after the
development of myocardial infarction compared with induced expression of TNF-processing-o in the 1st
day of the disease [15].

Some authors [16] examined the relationship mRNA levels of TLR2 and TLR4 with changes in
immunoglobulin profile urogenital tract in women with chlamydia. The authors found an association
immunoglobulin profile and mRNA expression of receptors of innate immunity cells of the cervical canal
(CO) in the pathogenesis of urogenital chlamydiosis (Ugh). It is shown that the level of IgG, IgM, IgA,
slgA, as well as the expression of TLR2 and TLR4 receptors characterize current of the infection process,
the severity of clinical manifestations and outcome of the disease. Increased expression of TLR2 and
TLR4 in combination with increased local synthesis slgA may contribute predominantly local inflam-
mation and a favorable outcome of the disease. According to the researchers, these indicators can be used
as additional criteria in the evaluation process of chlamydial forms and severity of its course. Other
authors [21] investigated the role of Toll-like receptors in the development of immune inflammation in the
skin of patients with psoriasis. Study of the amount and distribution of Toll-like receptor TLR2, TLR4 and
TLRO in skin structures was conducted by histochemical method with the use of monoclonal antibodies.
The authors found increased expression of TLR2 and TLR4 in the epidermal cells and vascular endothelial
cells of psoriasis patients in the absence of expression of TLR9. According to the authors, it contributes to
the development of chronic inflammatory reactions.

Some authors [22] studied the association of polymorphisms TLR2 and TLR9 genes with preterm
labor infectious origin and intrauterine infection. Single nucleotide polymorphisms (SNP) TLR2 genes
were identified in clinical samples by PCR and SNP TLRY gene was determined by PCR in real time. It is
shown that the Arg allele polymorphic marker gene TLR2 Arg753GIn was associated with intrauterine
infection. Another allele A polymorphic marker gene A2848G TLRY associated with urgent delivery when
urogenital infection.

Other authors [23] summarized information about the role of Toll-like receptors (TLR) and their
ligands in the pathogenesis of atherosclerosis. Bacterial lipopolysaccharide (LPS), may interact with TLR4
and induce the formation of atherosclerotic lesions in the arterial wall. The risk of atherosclerosis is
reduced by mutational damage TLR4. Other microbial ligands and heat shock proteins may also be
involved in the induction of atherosclerosis. Proposed a unified theory of atherogenesis, according to
which the induction and progression of atherogenesis is a side effect of the interaction of exogenous and
endogenous ligands to TLR.

Researchers [24] studied TLR-mediated functional activity of peripheral blood mononuclear cells of
children with various forms of neutropenia. The authors found that ligands TLR2, TLR4, TLRS has an
increased catalytic activity on TNF production by mononuclear cells in children with congenital neutro-
penia, and do not affect the immune mononuclear cells of children with neutropenia. Statistically signifi-
cant increase IFNa output in response to ligands TLR3, TLR8 and TLRY in children with immune
neutropenia is shown. The authors believe that the identified changes in TLR-mediated functional activity
of mononuclear cells in children with various forms of neutropenia may be essential in the development
and course of infection in these patients. Researchers also [25] determined TLR expression in the spleen
and lymph nodes of mice by mucosal immunization methods. Immunization of mice with multicomponent
vaccine "Immunovac" was carried out in mucosae and subcutancous. Based on these data, the authors
believe that the different degree of sensitization by different routes of administration of the same drug is
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predetermined at the stage of the interaction of the ligand with the TLR. Researchers [26] studied the
value of expression of TLR for selecting pharmacological correction of cervical pathology and endo-
metrium. After treatment with sodium nucleinate increase in the frequency of cells expressing TLR4 and
TLRO types in the material, as well as reducing the number of human papillomavirus oncogenic risk was
observed. Other authors [27] studied the effect of cyclooxygenase inhibitors on mediated TLR the produc-
tion of pro-inflammatory and anti-inflammatory cytokines in peripheral blood mononuclear cells from
healthy donors and patients with acute pancreatitis. It is shown that cyclooxygenase inhibitors inhibit
TLR-mediated production of both pro-inflammatory cytokines (IL-1, 6, 8, 12 and TNF), and anti-inflam-
matory cytokine IL-10 by these cells. The using of cyclooxygenase inhibitors in patients with acute
pancreatitis on the initial stage of the disease reduces the TNF production in peripheral blood mononuclear
cells in response to lipopolysaccharides (LPS). Accordingly, this leads to decrease effector function and
TLR4 TLRI1 /2 of these patients that reduce the risk of complications. Determination of the expression of
TLR and their functional activity is the first step in the evaluation of TLR in humans. For complete infor-
mation about the system TLR comprehensive assessment of all its units is required. Such an approach was
formulated earlier for assessing the immune status on pathogenetic principle. It was proposed to evaluate
the various stages functioning of immune system [3]. Further evaluation stages TLR system must include
an analysis of all other TLR system components, such as an estimation expression of molecules involved
in signal transduction, transcription factors, etc. It will allow to specify and localize molecular defects in
the innate immune system, as well as to assess their role in the pathogenesis of a wide range of diseases.
Great contribution to the study of this problem can make experimental studies using transgenic and gene-
knockout mice with different gene defects in order to better determine the effect of the expression of TLR
polymorphisms and susceptibility to various, including infectious diseases. There is also of particular
interest to study the individual paths where the specific adapter proteins for each TLR are used, as this
would enhance our understanding of the body's response to different ligands TLR [15].

REFERENCES

Simbircev A.S. Immunologija. 2005, N 26(6), S. 368-376 (in Russ).

Haitov R.M., Pashhenkov M.V, Pinegin B.V. Immunologija. 2009, N 1, S. 66-76 (in Russ).

Uematsu S., Akira S. J. Mol. Med., 2006, N 84, S. 712-725.

Werling D., Jungi T.W. Vet. Immunol. Immunopathol, 2003, N 91, S. 1-12.

Rakoff-Nahoum S., Paglino J., Eslami-Varzaneh F. et al. Cell, 2004, N 118, S. 229-241.

Shortanbaev A.A., Kozhanova S.V. Obshhaja immunologija, 2014, 668 s. (in Russ).

Medzhitov R. Nature, 2007, N 18, S. 819-826.

Haitov R.M., Pashhenkov M.V ., Pinegin B.V. Fiziologija i patologija immunnoj sistemy, 2008, N 6, S. 3-28. (in Russ).
DeFranco A.L., Locksly K.M., Robertson M. Immunity, London, 2007.
] Arunan S. et al. Innate Immunity, 2009, N 15(1), S. 93-103.
| Yalbar S.A et al. Innate immunity, 2008, N 14(1), S. 5-12.
] Cook D.N., Pisetsky D.S., Schwartz D.A. Nat Immunol., 2004, N 5, S. 975-979.
] Vandenbulcke L., Bachert C., Cauwenberge P.V. et al. Immunol., 2006, N 139, SN159-165.
] Picard C., Puel A., Bonnet M. et all. Science, 2003, N 299, S. 2076-2079.
] Koval'chuk L.V., Horeeva M.V. i dr. Immunopatologija i klinicheskaja immunologija, 2008, S. 223-227 (in Russ).

[16] Aleshkin V.A., Karaulov A.V. i dr. Svjaz' urovnej mRNK TLR2 i TLR4 s izmenenijami immunoglobulinovogo profilja
urogenital'nogo trakta pri urogenital’'nom hlamidioze u zhenshhin (in Russ).
[17] Saidov M.Z., Davudov H.Sh. 1 dr. Immunologija, 2008, N 5, S. 272-278 (in Russ).

[18] Wang J., Matsukura S., Watanabe S. et al. Clin. Immunol., 2007, N 3, SN 345-352.
[19] Pitzurra L., Bellocchio S., Nocentini A. et al. Infect. And Immun., 2004, N 12, S. 7275-728]1.
[20] Haitov R.M., Pinegin B.V., Pashhenkov M. V. Rossijskij fiziologicheskij zhurnal, 2007, N 5, S. 505-520 (in Russ).
[21] Katunin O.R., Rezajkina A.V., Kolyhanova O.1. Vestik dermatologii i venerologii, 2010, N 5, S. 84-91 (in Russ).
[22]
[23]

1
2
3
4
5
6
7
8
9
1
1
1
1
1
1

DR WM — O e e e

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

Gankovskaja O.A. Medicinskaja immunologija, 2010, N 1-2, S. 87-94 (in Russ).
Glincburg A.L., Lihoded V.G., Bondarenko V.M. Rossijskij kardiologicheskij zhurnal, 2010, N 2, S. 92-96 (in Russ).
[24] Mamedova E.A., Koval'chuk L. V., Finogeneva N.A., Polovceva T.V., Gracheva L.A., Goldyreva N.G., Horeva M.V,
Fetisova L.Ja., Nikonov A.S. Mikrobiologija, jepidemiologija i immunobiologija, 2010, N 2, S. 64-68 (in Russ).
[25] Ahmatova N.K., Egorova N.B., Ahmatov Je.A., Kurbatova E.A., Semenova [.B., Chertov [.V., Semenov B.F., Zverev
V.V. Jekspressija Mikrobiologija, jepidemiologija i immunobiologija, 2010, N 1. S. 50-54 (in Russ).
[26] Proshin S.N., Glushakov R.I., Shabanov P.D, Sajkovskaja L.A., Semenova 1.V., Tapil'skaja N.I. Kletochnaja
transplantologija i thanevaja inzhenerija, 2011, N 6(1), S. 91-97 (in Russ).
[27] Koval'chuk L.V., Cheredeev AN. Immunologija, 1990, N 3, S. 4-7 (in Russ).

— 153 =——



Becmnux HayuonanvHoti akademuu Hayk Pecnybnuxu Kasaxcman

REFERENCES

[1] CumGuprieB A.C. Tomn-Genku: crierpduyeckue perenTopsl Hecnerpduieckoro MMy Hutera // MimmyHomorust. — 2005.
—No 26(6). — C. 368-376.

[2] XauroB P.M., Ilamenko M.B., Ilunerun b.B. Ponp narrepH-pacio3HAIONMX PEIENTOPOB BO BPOKJICHHOM U ajiall-
TUBHOM MMMy HUTeTe // immyromorus. — 2009. — Ne 1. — C. 66-76.

[3] Uematsu S., Akira S. TLRs and innate immunity // J. Mol. Med. —2006. — Ne 84. — C. 712-725.

[4] Werling D., Jungi T.W. TLR liking innate and adaptive immune response // Vet. Immunol. Immunopathol. — 2003. —
NI1.-C. 1-12.

[5] Rakoft-Nahoum S., Paglino J., Eslami-Varzaneh F. et al. Recognition of commensal microflora by TLRs is required for
intestinal homeostasis // Cell. —2004. —N 118. — C. 229-241.

[6] Topranbaer A.A., Koxanosa C.B. O0mast uMMyHOJIOTHS. — AIIMaThL: OBepo, 2014. — 668 c.

[7] Medzhitov R. Recognition of microorganisms and activation of immune response // Nature. — 2007. — N 18. -
C. 819-826.

[8] XautoB P.M., Ilamenkos M.B., ITunerun b.B. bruonorus perentopos BpokIeHHOW UMMyHHOH cuctemsl // dusuo-
JIOTHSL Y TIATOJIOTHS. UMMYHHOU cucteMbl. — 2008. — Ne 6. — C. 3-28.

[9] DeFranco A.L., Locksly K.M., Robertson M. Immunity. — London, 2007.

[10] Arunan S. et al. Regulation on TL.R4-associated MD-2 in intestinal epithelial cells: a comprehensive analysis // Innate
Immunity. —2009. =N 15(1). — C. 93-103.

[11] Yalbar S.A et al. Review: Innate immunity // Innate immunity. — 2008. N 14(1). — C. 5-12.

[12] Cook DN, Pisetsky D.S., Schwartz D.A. Toll-like receptors in the pathogenesis of human disease // Nat Immunol. —
2004. - N 5. - C. 975-979.

[13] Vandenbulcke L., Bachert C., Cauwenberge P.V. et al. Int. Arch. Allergy // Immunol. — 2006. — N 139. — C. 159-165.

[14] Picard C., Puel A., Bonnet M. et all. Science. —2003. —N 299. — C. 2076-2079.

[15] Komampuyk JLB., Xopeea M.B. u jp. Perenmopsl BpoXICHHOIO UMMYHHTETA: IIOJXOJBI K KOTUYECTBEHHOM U
¢yukrmoHanpHo# orerke TLR yemoseka // IMMyHomaTomorus v KIMHIIeckast mvMMyHomnorust. — 2008, — C. 223-227.

[16] Anemmun B.A., Kapaynos A.B.u ap. Ceszp ypoBrelt MPHK TLR2 u TLR4 ¢ u3MeHEeHUSIMA HMMYHOTTIOOYJIMHOBOTO
PO yPOT€HUTATIHHOTO TPAKTa IIPH YPOTEHUTATFHOM XIIaMUJIM03€ Y JKEHIIHH.

[17] CammoB M.3., JlaBymoB X.III. 1 ap. Dxcrpeccust TLR B HOCOBBIX IoHIax U Ha KIeTKax Nepudeprieckoil KPoBH Y
GOIBHBIX TTOUIIO3HBIM PUHOCUHY cUTOM // ivmyHomorust. — 2008. — Ne 5. — C. 272-278.

[18] Wang J., Matsukura S., Watanabe S. et al. Involvement of TLRs in the immune response of nasal polyp epithelial cells
// Clin. Immunol. —2007. = N 3. - C. 345-352.

[19] Pitzurra L., Bellocchio S., Nocentini A. et al. Antifungal immune reactivity in nasal polyposis // Infect. And Immun. —
2004. - N 12. - C. 7275-7281.

[20] XawurtoB P.M., [Tunerun B.B., [TlamenkoB M.B. 3Hauenue GyHKITMOHATHHON ak THBHOCTH TOJI-TT0JOGHBIX PEIEITOPOB
U JIPYTHX DPEIENTOPOB BPOKIEHHOH MMMYHHOM cucTeMbl B (usuonorun mouek // Poccuiickuii Qu3nonornuyeckuil xypHal. —
2007. — Ne 5. — C. 505-520.

[21] Karynuu O.P., Pezatikuna A.B., Komsxanoa O.W. Ponb pacriozHaonmx perenTopoB B MHUIMAIMA UMMy HHOTO
BOCITAJICHUS B KO¥Ke GONBHBIX ITcopuazoM // BecTHrk nepmatonoruu u Berepoiorum. —2010. — Ne 5. — C. 84-91.

[22] Tamxosckas O.A. HccienoBanve accorpiaruy nomMoppHBX MapkepoB TeHoB TLR2 u TLRY ¢ mpexieBpeMeHHBIMI
pofaMu ¥ BHY TPy TpoOHBIM MHrIpoBanueM // MeaurHckas mvumyHoTorus. —2010. — No 1-2. — C. 87-94.

[23] TmmmGypr AJL, Jiuxomex B.I'., boumapenko B.M. Dk3oreHHble W SHAOTEHHBIE (HaKTOPHI B IaTOrE€HE3e aTepo-
ckiepo3a. Pererrroprast Teopus atepockieposa // Pocentickuit kapauonorudeckuit xypHat. — 2010. — Ne 2. — C. 92-96.

[24] MamenoBa E.A., KoBampuyk JLB., ®unoreneBa H.A., TlonmosuieBa T.B., I'paueBa JLA., T'omapipeBa H.I'., Xopesa
M.B., ®etucona JLS1., HukonoB A.C. OmocpenoBannas TLR ¢yHKIMoHaTbHAS aKTHBHOCTh MOHOHYKITCAPHBIX KIIETOK Y JIeTel ¢
HelTporteHusMH // MUK poGHOTIOTHST, SIHIEMUAOIOTHS U uMMyHoOHomorust. — 2010. — Ne 2. — C. 64-68

[25] AxmaroBa H.K., EropoBa H.b., Axmaros D.A., KypOaroBa E.A., CemenoBa N.b., YeproB U.B., Cemeno b.O®.,
3BepeB B.B. Dxkcmpeccust TLR B cenesenke n muMdaTHIecknx y3lax MIpU MYKO3aJbHBIX METOJaX MMMYHH3arwu // Mukpo-
OUOIIOTHSL, SIUJIEMUOIIOTHS U UMMy HOOHOIorus. — 2010. — Ne 1. — C. 50-54.

[26] Ilpommu C.H., I'mymakoB P.M., ITlaGanoB I1.J[, CaiixoBckas JLA., CemenoBa WU.B., Tarmbckas H. 3naueHue
skcrpeccny TLR it BeiGopa (apMakonoruueckoit KoppeKImy MaToIOT Uy Iefiku MaTku U sHaoMeTpus // Kierounas TpaHc-
IUIAHTOJIOTHS U TKaHeBas UHxkeHepust. — 2011, — Ne 6(1). — C. 91-97.

[27] Kopampuyk JL.B., YepeneeB A .H. AxtyanpHble poGneMbl OTIeHKY UMMYHHOM cHCTeMBI YeoBeka // IMMyHomorus. —
1990. —Ne 3. - C. 4-7.

— 5=



ISSN 1991-3494 M 2. 2015

KEWBIP AYPYJIAPALIH TATOTEHE3IH/ETT TATTEPH-TAHYIIIEI
PEIENTOPJIAPJALIH MAHBI3EI

C. B. Ko:xanosa, b. b. buxiritoBa, A. C. Tapa6aena, J. 7K. buranosa, A. A. Hypmyxanterosa
C. A. Acpenmuapos aTeiHIarsl Ka3ax YITTHIK MCAHIHHANGIK YHHBCPCHTETI, AMater, KazakcTan

Tipek ce3aep: MaTTEPH-TAHYIIBI PEIICITOPIAP, JKYKIA, Tya OITKCH UMMY HUTET.

Annoramus. [onyaa Tya OiTKeH HMMYHHTETTIH MeMOpaHaMeH OaiilaHbIKaH perenTopiaapsl — Tou-Topizal
peuenTopIap Typajbl HETI3Tl TYCIHIKTEME, OJapAbl AHBIKTAYIBIH HCTI3Ti QHICTEPi, IKCHPECCHACHIHBIH KIHHHUKAIBIK
3epTTEYJIEpPi, COHBIMEH KaTap OJIAPABIH KOMETIMCH AJNBIHFAH HOTIDKEJICPAIH HETI3Tl aHBIKTAYJIAPhl KAPAaCTHIPHLIFAH.
3eprreyaepain Oomanmarsl TLR >kyHeciHiH KpI3METI TYpajbl TOJBIK MAarIyMar ajy¥a HETI3JC]ITeH, COHBIMEH Karap
OHBIH OapIbIK 3BEHOJAPHIH KEHICHAI Oaranmay KaskeT. bynm Tya OITKGH MMMYHHTET JKYHECIHIH OY3bIIBICTAPBIHBIH
MOJICKYJIATBIK AKAYJAPBIH HAKTBUIAYFA JKAFJAll TYFBI3BIT OTHIP, COHBIMCH KATAap KOINTETCH aypyJapiblH IaTore-
HE31H/IE 0JIApABIH KbI3METIH OaraiayFa MyMKIHIIK Oepei.

POJIb TATTEPH-PA3IIO3HAIOIIIUX PEHEIITOPOB
B IATOT'EHE3E HEKOTOPBIX 3ABOJIEBAHUI

C. B. Ko:xanora, b. b. bizxknrntona, A. C. Tapataesa, J. JK. buranosa, A. A. Hypmyxanerosa
Kazaxcknit HanmoHaTBHBI MeummHCKnH yHUBEpcuTeT HM. C. JI. Achenamsaposa, Anmarsl, Kazaxcran

KoueBnbie ¢J10Ba: MaTTepH-PACIIO3HAIONINE PEUCHTOPHI, HHPEKIUS, BPO>KICHHBIH HMMYHHTET.

Annortamust. B 0030pHOH cTarbe paccMaTpHBAIOTCS OCHOBHBIC MOHATHSI O MEMOPAHOCBSI3AHHBIX PELENTOPAX
BPOXKICHHOTO HMMYHHUTETa — TOMI-MOJOOHBIX PEIENTOPAX, OCHOBHBIC METOIBI ONPEACICHUS HX IKCIPECCHH,
MPUMCHACMbIC B KJIMHHYCCKUX HCCICAOBAHMAX, a TAKKE IOJYUCHHBIC C MX IOMOINBI0 PE3yIbTaThl. [1epCreKTHBBI
OyAyIuX HMCCICAOBAHMH OCHOBAHBI HA MOJYyYCHHWH IMONHOH mH(pOpManuw o (PyHKUMOHHpOBaHWH cuCTeMBl TLR,
TaKXe HEOOXOIMMAa KOMIUICKCHAS OLICHKA BCEX €€ 3BCHBEB. JTO MO3BOJMT YTOUHHTH U JIOKAJTH30BATh MOJICKY JIIPHbIC
Je(eKThl HApYIICHUH B CHCTEME BPOXKICHHOTO MMMYHHUTETA, 4 TAKKE OLICHUTH HX POJIb B MATOTCHE3E M JICUCHHH
IMHPOKOTO KpyTa 3a00ICBaHHIA.
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