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There exists a considerable body of literature on immunopathogenesis of chronic hepatitis C. Although results appear consistent with
prior research in the area mentioned above, they appear inconsistent with the issues in the area of diagnosis, prognosis and treat-
ment effectiveness. In this context the study addresses the research to receptors of the innate immune system — Toll-like receptors.

The aim of the research is to analyze the data of current professional literature regarding the role of individual Toll-like receptors
in the immunopathogenesis of chronic hepatitis C.

Materials and methods. The method of reviewing and systematizing as well as the method of content analysis were used to
overview the scientific literature as for the role of Toll-like receptors. For this purpose, we employ survey data collected from
the world professional literature and analyzed the results of current researches.

Conclusions. The innate immune system plays a prominent role in the primary protection of the body against pathogens
which recognition depends on the Toll-like receptors family wheres the genetic analysis is considered as a promising method
of preventive and personalized medicine. The advantage of genetic markers regardless of age and other factors contain
information about the susceptibility to multifactorial diseases which can be used to create a «genetic passport» of a person.
Perceptions about the impact of the Asp299Gly polymorphism of the Toll-like receptor 4 gene and GIin11Leu of the Toll-like
receptor 7 gene on the immunopathogenesis of chronic hepatitis C are ambiguous and this research provides a good starting
point for discussion and further study which will allow optimizing the therapeutic and diagnostic tactics for this disease based
on the complex evaluation of immunity which are defined by the determined polymorphisms.

CyuacHu# norasp Ha poab Toll-noai6Hux peuenTopiB y GpyHKUiOHYBaHHI iMyHHOI cUCcTEMU
Ta imyHonartoreHesi XpoHiuHoro renatuty C (orasia Aitepatypm)

A. M. Cu3soBa, T. |. KoBanb, B. I. InbueHko, I. M. 3BAroabcbka, 0. M. I13toMcbKa

He3Baxatoun Ha BENWKi LOCATHEHHS! Y BUBYEHHI iIMyHOMaToreHe3y XpoHiuHoro renatuty C, 3anuiuaeTbest 6arato HEBUPILLEHUX
NWTaHb LWOAO AiarHOCTVKW, NPOrHO3yBaHHs nepebiry Ta edheKTUBHOCTI NiKyBaHHS. Y KOHTEKCTi BUBYEHHS LT iHADeKLUii BUKMK-
KatoTb iHTEpeC peLenTopy BpomKeHoi iMyHHoT cuctemu — Toll-nogibHi peuentopu.

Meta po6oTu — npoaHanisysaTu BiZOMOCTi Cy4acHoi (haxoBoi NniTepaTypu Lwogo poni okpemmx Toll-nogibHux peuenTtopis B
iMyHonaToreHesi XpoHiyHoro renatuty C.

Matepianu Ta metoau. MeTogamu ornsaoBoro, CUCTEMHOIO Ta KOHTEHT-aHaniay onpawoBany AOCTYMNHI HAayKoBi fxepena,
Lo npucesyeHi BuBdeHHio Toll-nogibHux peuenTopis. HaBeaeHi faHi CBiTOBOI (haxoBoi nitepaTypy Ta npoaHani3oBaHi pe-
3ynbTaTh Cy4acHUX JOCTILKEHb.

BucHoBku. BpomkeHa iMyHHa cuctema Bigirpae B3HavanbHy porib Y NepBUHHOMY 3aXVCTi OpraHiaMy Bif NaToreHis, po3nisHa-
BaHHS SKUX 3anexuTb Big poanHy Toll-nogibHnx peLenTopiB, a reHeTUYHUI aHania — NepCneKTUBHWA METOA NPEBEHTUBHOI
Ta NepcoHaniaoBaHoi MeauuyHu. MepeBara reHeTUYHIUX MapKepIB Nonsirae B TOMY, LLO BOHW HE3AmNEXHO Bif BiKy Ta iHLUMX
dhakTopiB MICTATL iHhOPMALLit0 NPO CXUMBHICTL 40 MYNbTUAKTOPIanbHMX XBOPOD, L0 MOXHA BUKOPUCTATH Mig Yac CTBO-
PEHHS «FEHETUYHOTO MacnopTay MOAWHK. YSBREHHs LWoao Bnnusy nonimopdismy Asp299Gly reHa Toll-nogibHoro peuentopa
4 i GIn11Leu reHa Toll-nogibHoro peuenTopa 7 Ha iMyHonaToreHe3 XpoHiuHoro renatuty C HeogHO3HAuHI Ta noTpedytoTb
MPOLOBXEHHS BUBYEHHS. Lle facTb 3mMory onTuMi3yBaTh NikyBarbHO-4iarHOCTUYHY TakTUKy NpU LibOMY 3aXBOPIOBaHHI Ha
OCHOBI KOMIMITEKCHOTO OLIiHIOBaHHS OCOBIMBOCTEN IMYHHOTO pearyBaHHs, Lo 3yMOBIIEHi HAsiBHICTIO Ha3BaHMX NoniMopdiamiB.

CoBpeMeHHbIN B3rAsiA Ha poAb Toll-nop06HbIX peuenTopoB B GpYHKUMOHUPOBAHUH
MMMYHHOW CUCTEMbI U UMMYHONaTOreHe3e XPOHMUECKoro renatuta C (063op Autepatypbl)

A. M. Cu3soBa, T. U. KoBanb, B. U. UnbueHko, U. H. 3Baronbckas, E. M. U3tomckasn

HecmoTps Ha 3HaunTENbHblE JOCTUXEHNS B U3YYEeHUM MMMYHONaToreHe3a XpoHuyeckoro renatuta C, 0CTaeTcst MHOro
HEpELLEHHbIX BOMPOCOB OTHOCUTENbHO ANArHOCTUKM, MPOTHO3MPOBAHUS TEYEHUsI U 3 (EKTUBHOCTM NeyeHus. B KoH-
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TEKCTE U3YYEHMS STON MHDEKLMM BbI3bIBAIOT MHTEPEC PELENTOPbI BPOXAEHHON UMMYHHOI cuctembl — Toll-nogobHble
peLenTopsl.

Llenb pa6oThl — NpoBECTY aHanN3 faHHbIX COBPEMEHHO Hay4HON iuTepaTypbl 0 pori oTaenbHbIX Toll-nogoGHbIX peLienTopos
B VIMMYHOMaTOreHe3e XpoHu4eckoro renatuta C.

Marepuansi n metoabl. Metogamm 0630pHOr0, CUCTEMHOTO W KOHTEHT-aHan1aa 06paboTaHbl JOCTYMHbIE Hay4HbIE UCTO4YHMKK,
NocBsiLLeHHble n3yveHunto Toll-nogo6HbIX peLentopoB. MpeacTaBneHbl AaHHbIe MPOBOI HaYYHON NUTepaTypbl 1 NpoaHanu-
31POBaHbI PesynbTaThl COBPEMEHHbIX MCCHEA0BAHUIA.

BbiBoabI. BpoxaeHHas UMMyHHas cucTeMa UrpaeT BeayLLyto pofb B NEPBUYHON 3aLumTe OpraHu3ma oT NaToreHoB, pacnosHa-
BaHVie KOTOPbIX 3aBUCUT OT ceMbm Toll-nogoBHbIX PeLIENTOPOB, @ FeHETUMECKUIN aHANMW3 — NEPCMNEKTUBHbIA METOA NPEBEHTUBHON
1 NepCoHan3MpoOBaHHON MeaMLMHbI. [IpenMyLLECTBO reHETUYECKX MapKepOB 3aKIMo4aeTcs B TOM, YTO OHU HE3aBUCUMO OT
BO3pacTa 1 Apyrux (akTopoB coaepkar MHPOPMAaLWIO O CKIOHHOCTU K MynbTUhaKTopuanbHbIM 3a60neBaHusaM, 4To MOXET
ObITb MCMOMNL30BAHO MPU CO3AAHUM «TEHETUYECKOro nacnopta» yenoseka. [NpeacTaBnexne O BAUSHUM nonumopdguaMa
Asp299Gly rexa Toll-nogobHoro peuentopa 4 1 Gin11Leu reHa Toll-nogobHoro pelenTopa 7 Ha UMMYHOMNATOrEHE3 XPOHUYECKOTO
renatuta C HeogHO3HaYHbI W TPEDYIOT AanbHENLIEro U3yYeHus, 4TO MO3BONUT ONTUMU3NPOBATL NeYebHO-ANArHOCTUYECKYIO
TaKTVKy NpuW 3TOM 3a60neBaHnn Ha OCHOBE KOMMIIEKCHOW OLIEHKM 0COBEHHOCTEN MMMYHHOTO pearmpoBaHmsi, 00yCrnoBneHHbIX

Hannynem ykKasaHHbIX I'IOJ'IMMOp(bI/ISMOB.

Despite the great advances in the study of immunopatho-
genesis of chronic hepatitis C a number of questions
regarding diagnosis, prognosis and effectiveness of treat-
ment of this infection remain to be addressed. We present
an overview of literature that relates to work presented
here. In recent years there has been renewed interest
in mechanisms of the damaging effect of hepatotropic
viruses on the liver and the role of the immune system in
the progression of pathology. This issue provokes a num-
ber of gaps and shortcomings. A thorough understanding
of the immunopathogenetic features of chronic hepatitis
C and the role of individual immune system receptors in
this process will significantly improve chronic hepatitis C
therapy and advance an individual treatment approach,
minimizing the financial costs and harm of side effects of
medicines. Future advancements of gene polymorphism
investigations as a factor in genetic susceptibility to
infectious diseases and their peculiarities are expected
to provide new opportunities for identifying at-risk groups
and selecting personalized therapy for each patient. The
study of chronic hepatitis C, the Toll-like receptors (TLRs)
is a topic under intense research and pivotal importance.

Aim
The aim of the research is to analyze the data of modern

professional literature regarding the role of individual
TLRs in the immunopathogenesis of chronic hepatitis C.

Materials and methods

In the course of the expertiment methods of review,
system and content analysis allowed us to explore and
delve into the study of TLRs. We present an overview
of the world professional literature that relates to study
presented here.

A recent study on the role of TLRs in the func-
tioning of the immune system.

TLRs were first detected in Drosophila melanogaster
in 1985 by C. Nusslein-Volhard (German) and E. Wi-
eschaus (USA), the discovery of TLRs was an important
event for the research in immunology and was highly
estimated, thus Hoffmann (Luxembourg) and B. Beutler
(USA) were awarded the Nobel Prize in Physiology or
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Medicine in 2011 [1]. TLR4 was the first element to be
discovered, then other TLRs in mammals and humans
came [2]. Currently 13 TLRs are known, and 10 TLRs of
which have been studied in humans [3-4]. Most TLRs are
located on the cell surface — TLR1, TLR2, TLR5, TLR6,
TLR10; an example of an intracellular arrangement is
TLR3, TLR7, TLR8, TLR9, some TLRs can be expressed
both intracellularly and extracellularly (TLR4, TLR11,
TLR12, TLR13) [2-3,5].

Receptors of the TLRs family recognize pathogens
and, upon activation, increase the local synthesis of
proinflammatory cytokines, prostaglandins, chemo-
kines that trigger the mechanism of implementation of
the inflammatory response — a cascade of adapter and
signaling molecules that leads to the induction of innate
and adaptive immunity [5-8]. TLRs interact with adapter
molecules and transmit an immunogenic signal to effec-
tors, transcription factors, and target genes that together
form a TLR-dependent signaling pathway. This pathway
functions as a complex, consistent system of functio-
nally interacting molecules. The most conservative role
of TLR-activation of antimicrobial immunity in the skin,
mucous membranes of the respiratory, gastrointestinal
and urogenital tracts [8—11].

The analysis of the functions of different TLRs re-
vealed that cells of the innate immune system activate
different signaling pathways depending on the infectious
pathogen. The genes which encode elements of the sig-
naling pathway are coherently regulated in concert.
Genetic variability not only of TLRs but also of molecules
of TLR-dependent signaling pathways can play an im-
portant role in recognizing PAMPs (pathogen-associated
molecular structures) and altering the immune response
to infection [3,8,12]. It is reasonable to claim that clari-
fying the role of TLR in infectious pathology will let on
conducting diagnostics timely and predicting the nature
of the disease in advance. Moreover, this allows to study
the pathogenetic aspects of its development, as well as
to justify the choice of adequate therapy [12-13].

TLR participation in innate immunity is ensured by:

— initiating of secretion of proinflammatory cytokines
which are required for physiological immunological re-
sponse under various influences, among which various
infections occupy the central place [6];
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— regulating of neutrophil activity; a special role is
played by TLR2 and TLR4, when the first one mentioned
above protects cells from apoptosis, and the second one
manifests itself respectfully as an important regulator of
neutrophil survival [14];

— controlling of activation, differentiation and survival
of B-lymphocytes, in which TLR2, TLR4 and TLR9 take
an active part (this pathway of activation of B-lympho-
cytes is accompanied by increased calcium emission,
phosphorylation of some kinases, enhanced endocytosis,
immunoglobulin synthesis, lymphocytes) [15];

— providing support for the intestinal immunity asso-
ciated with the expression of TLR by the epithelial cells
of its mucosa [10];

— participation in the functioning of cells of the central
nervous system, most of which express TLR (microglia,
neurons, astrocytes, endothelial cells of the brain ves-
sels) and the differential impact of TLR on the function
of microglia [16].

Equally important is the involvement of TLR in
adaptive immunity, which is also accomplished through
a number of mechanisms:

— activation of CD4- and CD8-T lymphocytes [17];

— stimulation of the functions of different antigen re-
cognition dendritic cells that express TLR2, TLR3, TLR4,
TLR7, TLR9 [18];

—activation of macrophages, mast cells, in particular,
with the participation of TLR9, which is especially pro-
nounced when exposed to the genetic material of DNA
viruses, bacteria, fungi [19];

— regulation of homeostasis of fibroblasts, myofi-
broblasts, fibroblast-like synoviocytes, endothelial and
epithelial cells, in particular, with the participation of TLR2,
TLR4, TLR6 [20];

— regulation of normal epithelial cells (TLR2, TLR3,
TLR4, TLR5) as well as endothelial cells [21-22];

— potentiation of adaptive immunity with the inclusion
of different mechanisms [20].

TLR transmembrane proteins have an extracellular
domain (leucine-rich repeat, LRR) and an intracellular Toll
IL-1 receptor domain (TIR). The LRR domain recognizes
bacterial patterns and transmits the signal. TIR domain
is a conserved peptide that interacts with proteins. It is
also a part of several cytoplasmic proteins, including two
Myeloid differentiation primary response gene (MyD88
and TIR domain containing adapter protein — TIRAP).
These proteins transmit TLR signals that may be gene-
ral and specific. The first signals are induced from all,
the second — from one particular type of TLR.

Common signaling pathways are represented by
adapter proteins (MyD88 and Toll-interacting protein —
TOLLIP), protein kinases (IL-1R-associated kinase —
IRAK) and TNF-receptor associated factor 6 (TRAF-6)
adapter protein. The interaction between these structures
leads to the activation of a large family of mitogen-activat-
ed protein kinases (MAPKSs). The entire signaling pathway
of TLR activation is complex and multicomponent, but
the final stage of the protein kinase reaction cascade is
the activation of transcriptional factors in the cytosol of
the cellin alocked (inactive) state [23]. Several groups of
transcription factors are known today. However, the nucle-
ar factor (NF-kB) has been widely studied [8]. The value
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of protein kinases is in the following. On releasing from
the NF-kB blocker, it enters the nucleus of the cell, where it
binds to the promoter regions of the inducible gene, which
in turn leads to its activation and the initiation of the syn-
thesis of molecules which are encoded by the formation
of specific RNAs, and by the activation of inflammatory
responses, including cytokine genes [5,10].

Various macromolecules, including lipids, carbohy-
drates, proteins, and nucleic acids, act as microbial ligands
for TLR. The most well-known TLR ligands of exogenous
origin include the components of the cell wall of bacteria:
peptidoglycans, lipopolysaccharides, flagellin, DNA of
microorganisms, viral RNA and many others. It has now
been proven that TLR ligands can also be endogenous
molecules released by cell necrosis and massive tissue
destruction, as well as by the breakdown of extracellular
matrix molecules [8,24]. TLR binding to ligands triggers
an inflammatory signaling cascade through cytoplasmic
TIR domains involving adapter proteins, namely MyD88,
TIRAP, TIR-domain-containing adapter-inducing interfe-
ron-B (TRIF), which leads to the production of cytokines,
antimicrobial peptides and it is realized by intracellular
signaling in two possible ways [23]. Typically, TLR,
with the exception of TLR3, use the MyD88-dependent
pathway in which IRAK is sequentially activated, which
includes 4 subunits — 2 active kinases (IRAK-1 and IRAK-
4) and 2 non-catalytic subunits (IRAK-2 and IRAK-M).
Then IRAK-4 phosphorylates IRAK-1. Phosphorylated
IRAK-1 binds to TRAF-6 and simultaneously activates
NF-kB, mitogen-activated protein kinases (MAPKSs). In
the case of NF-kB, the protein remains in the cytoplasm,
binding to the NF-kB (IkB) inhibitor. Phosphorylation of
IkB the IkB kinase complex (IKK) leads to the destruction
of the inhibitor, which makes it possible to move NF-kB
to the nucleus. Simultaneous activation of NF-kB and
MAPKs induces transcription of various inflammatory
genes, including tumor necrosis factor (TNF), interleu-
kins (IL) 1, 6, 8 and 12. In addition, TLR4 can trigger an
immune response via the MyD88-independent pathway.
Itis carried out by an adapter protein capable of inducing
interferon (IFN), which leads to phosphorylation of tran-
scription factors: interferon-regulating factor-3 (IRF-3)
and NF-kB. These two transcription factors potentiate
the action of each other, stimulate the production of
type | interferons (IFN-a, IFN-B, IFN-y) and activation of
interferon-inducible genes [8,23-24]. The TLR7, TLRS,
TLR9 genes are also capable of initiating type | interfe-
ron synthesis through the MyD88-dependent signaling
pathway upon activation of IRF-3 and IRF-7 [5,24]. In
addition, signals from TLR7, activating IRF-7, stimulate
the production of antiviral cytokines, including type | and
Ilinterferon, which in turn would activate the processes of
destruction of intracellular pathogens, while activation of
NF-kB induces a pro inflammatory effect through cytokine
secretion, such as TNF -a, IL-6 and IL-12[25-26]. General
scheme of TLRs signaling pathways by J. Howell et al.
(2013) is depicted in the Fig. 1[26].

The wide range of TLRs ligands and their presence
on most cells of the body contributes to the involvement
of TLR in the pathogenesis of many diseases [5-6,8,12].
Defects in the TLRs gene system: impaired ligand recog-
nition, TLR expression, signal transduction, production of
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effector molecules, and their polymorphism can lead to
the development of infectious, autoimmune and oncolo-
gical diseases, allergopathology [2,5,8,27-30].

The point mutations at the DNA level that encode
the structure of the receptor can disrupt its normal
functioning and underlie the individual variability of
the human genome [30]. The most common cause of
differences in gene structure is so-called single nucle-
otide polymorphism (SNP), which occurs after about
290 base pairs, resulting in the formation of specific
alleles of genes, which affects the development of
protective reactions and susceptibility to particular
diseases [5,8,11,28-30]. Nowadays, the conceptual
basis of predictive genomic medicine is the very idea
of genetic polymorphism [31].

The gene polymorphism implies that several variants
can be copied from the same gene, structurally different
from the copy of the same protein, some of them copied or
not active at all, or may have the opposite function. When
localized in exons, SNPs change the codons of the ge-
netic code, which can lead to replacement of amino acids
in peptides, sometimes their presence is associated with
an increase or decrease in the concentration/activity of
the gene product, thus genetic polymorphism is a source
of individual differences, in particular in susceptibility and
their course [28,32]. The presence of predisposition genes
does not mean that a person can necessarily develop
certain pathological conditions, gene polymorphism does
not allow determining the time of the disease occurrence,
but allows us to identify the characteristics of metabolism,
drug metabolism and individual risk of susceptibility to a
particular disease.

Thus, our findings indicate that in infectious pathology
TLRs gene polymorphism affects the individual features
of immunity and leads to immunological disorders caused
by activating and inactivating genetic damage to the re-
ceptors of innate recognition or signaling molecules [5,8].
According to S. Mukherjee et al. (2019) a common feature
of TLRs functional polymorphism is a decrease in the abi-
lity to recognize the corresponding ligands, which results
in less pronounced cell activation after encountering
pathogens [32]. It is reported that in infectious diseases,
«mutations» of genes can lead to impaired recognition
of infectious agents and imbalance of the functioning of
the system of innate immunity, which will eventually be
manifested by increased susceptibility to infections and
susceptibility to the development of chronic inflammatory
processes [5,8,13,28,30].

Thus, over the past several decades there has been
asustained research activity in TLRs genes area not only
in terms of basic knowledge but also in the practicalities of
predictive and personalized medicine [31]. Along there are
some studies in the issue discussed but still the research
about the role of TLRs gene polymorphism in chronic
hepatitis C remains limited which makes the relevance
of our study.

Impact of Asp299Gly polymorphism of TLR4 gene
and GIn11Leu of TLR7 gene on chronic hepatitis C
immunopathogenesis.

Nowadays, the rapid accumulation of knowledge
about the genetic basis of pathological processes enriches
the idea of immunopathogenesis of common human
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Fig. 1. TLRs signaling pathways [26].

diseases, which, of course, belongs to chronic hepatitis
C. In terms of studying both the immunopathogenesis of
the disease the gene TLR4, which interacts with the pro-
tein envelope of viruses, structural and non-structural
proteins of hepatitis C virus (HCV), and the TLR7 gene, a
ligand of which is single-stranded are of particular interest
[3,5,6,25,26].

The TLR4 gene is located in the 9" chromosome
(9932-33i), its exogenous ligands are lipopolysaccharides
of gram-negative bacteria, lipotechoic acid, taxol, flavoli-
pin, F-protein of respiratory syncytial virus, type 1 fimbriae,
and fimbriae, mycobacterium tuberculosis ligands, viral
glycoproteins, and endogenous — fibronectin, low density
lipoproteins, heat shock proteins, B-defensins, HMGB-1
hyaluronan [9,33]. The polymorphic marker Asp299Gly
(rs4986790) of the TLR4 gene is a single nucleotide
replacement of adenine (A) by guanine (G) at the +896
position of exon 3, which leads to amino acid replacement
of aspartic acid (Asp) by glycine (Gly) chain 29. This mis-
sense mutation, altering the structure of the extracellular
domain of TLR4, leads to the loss of negative charge of
the site at position 299, which disrupts the process of
recognition of bacterial lipopolysaccharide [4,10].

According to the results of research studies, the fre-
quency of point mutations of the TLR4 gene is very low
(<1 %), with the exception of the genetic polymorphism
Asp299Gly, the frequency of which is >5 % [8,28,34];
Asp299Gily is virtually undetectable in Asian populations
[33]. The practical significance of this polymorphism is
associated with inhibition of phosphorylation after lipopoly-
saccharide stimulation, which in turn leads to a decrease
in the translocation of NF-kB into the nucleus and affects
the inhibition of the synthesis of proinflammatory cytokines
IL-6 and TNF-a and production of IL-10 [33].

The TLR7 gene is located on Xp22.2. chromosomes
and is a component of the body’s antiviral defense system.
It consists of a single exon and encodes a transmembrane
protein of 1049 amino acids, it is localized in intracellular
membrane compartments — endosomes, which in turn
isolates it from a possible contact with endogenous nucleic

Cell
Cytoplasm

Nucleus
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acids. The receptor is able to activate the transcription
factors NF-kB and IRF-7 [25]. The signal is transmitted
through the adapter proteins MyD88, TRAF-6, IRAK-4
[35-36]. Exogenous ligands for TLR7 are small synthetic
compounds, single-stranded RNA characteristic of the vi-
ral genome, nucleoside analogues (imidazoquinolines),
loxoribine, bromyrimine, endogenous auto-RNA, ribonu-
cleoproteins [23,25].

GIn11Leu polymorphism (rs179008) of the TLR7
gene is located in exon 3 and is a single nucleotide re-
placement of adenine (A) for thymine (T) which leads to
the amino acid change of glutamine (GIn) for leucine (Leu)
in the 11 codon of the protein, this allelic variant is one
of the three SNPs that occur in populations of more than
5 % [26,36-37]. Actual data regarding to the incidence
of GIn11Leu polymorphism in healthy populations differs
both in general and in gender, which is related to the X
chromosomal localization of this gene. For example,
S. A. Taghavi et al. (2009) report that its overall prev-
alence is 14.67 %, among women — 10.3 %, among
men — 16.24 % [35], and according to M. Bordignon
et al. (2013) — 44.2 % for women and 18.5 % for men
[29]. This polymorphism encodes functionally defective
proteins and is able to reduce IFN-a production, thereby
disrupting the adaptive immune response that occurs
through the TLR7-dependent signaling pathway [29, 37].

Currently, a large number of genes have been cor-
related with susceptibility, features, and efficacy of chronic
hepatitis C antiviral therapy. A great attention is paid to
the role of TLR genes, which are important participants in
CSF immunopathogenesis. There are reports in the world
and national research studies that highlight the role of
TLR4 and TLR7 genes and their functioning in the im-
munopathogenesis of chronic hepatitis C.

Scientific data suggest that HCV recognition by im-
mune cells occurs through TLR4, and signals from this
gene are capable of regulating HCV replication [38-39].
It is stated that in patients with chronic hepatitis C there
is a significant increase in the expression of TLR4 by
peripheral blood mononuclear cells regardless of HCV
genotype or histological stage of the disease, which
increases the synthesis of IFN-B, IL-6 from B cells of
the immune system and is activated in the immune sys-
tem. Increased expression of TLR4 by hepatocytes and
epithelial cells of the biliary tract, a positive correlation
of this phenomenon with liver damage in inflammation,
activation of myofibroblasts and the development of liver
fibrosis in chronic hepatitis C indicate the results of studies
by S. Y. Mohamed et al. (2017) [40].

In some studies, the prevalence of the TLR4 gene
Asp299Gly polymorphism among chronic hepatitis C pa-
tients is studied. Thus, in the works of O. D. S. Pires-Neto
etal. (2015) and A. A. Al-Qahtani et al. (2014) it is indicated
that the Asp299Gly polymorphism of the TLR4 gene was
detected in 6.9-9.1 % of patients with chronic hepatitis C,
whereas according to C. Guarner-Argente et al. (2010)
it reaches 40.0 % [41-43]. In L. Sizova et al. (2016) it is
claimed that the prevalence of Asp299Gly polymorphism
among chronic hepatitis C patients is 15.2 % and exceeds
population control data 4.5 times, which gives reason to
consider its carrier as a risk factor for chronic hepatitis C
infection with HCV [44].
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Alarge number of existing studies show that carriers
of the polymorphic genotype Asp299Gly of the TLR4
gene have a more severe course of chronic hepatitis C
which means that the viral load registered is higher and
susceptibility to bacterial infections is increased, which is
associated with decreased production of IL-6 and IL-10 or
with the development of encephalopathy and also the in-
flammation as a reaction which can block the translocation
of bacterial antigens in cirrhosis [43,45-47]. However, in
other papers, there is no significant influence of this poly-
morphism on the clinical and laboratory characteristics of
chronic hepatitis C [48-50].

The scientific data on the effect of the TLR4 gene
Asp299Gly polymorphism on the process of fibrosis in
the liver and its rate in chronic hepatitis C are extremely
controversial. Thus, a number of studies claim that it
has a connection to a higher rate of progression of liver
fibrosis and the risk of cirrhosis [43,51] as well, other
studies, by contrast, claim that the ability of Asp299Gly
can slow down the clinical progression of chronic hepatitis
C and act as a protective factor for the development of
cirrhosis and hepatocellular carcinoma [52,53], whereas
A.A. Al-Qahtani et al. (2014), O. D. S. Pires-Neto et al.
(2015), and G. Dubinskaya et al. (2016), independently
of one another, concluded that there is no influence on
this process [41-43,54].

The results of studies by M. Peris et al. (2015),
G. M. Dubynska et al. (2016) and M. S. Igbal et al. (2017)
point to the association of the TLR4 gene Asp299Gly
polymorphism with the low efficacy of interferon antiviral
chronic hepatitis C therapy [46,55-56], but no similar
effect was found in M. Emonts (2008) [49].

Scientific reports regarding the involvement of
the TLR7 gene and its peculiarities in the pathogenesis of
HCV infection are ambiguous. It is reported that through
this gene the induction of innate immunity in HCV-infected
is induced, the blocking of HCV RNA, the stimulation of
production of antiviral cytokine IFN-a by dendritic cells
[57-58], and in the presence of GIn11Leu polymorphism,
TLRY7 expression is reduced by hepatocytes with the lack
of recognition of the virus, thereby limiting the production
of IFN-a and IFN-A, while the synthesis of IL-6 remains
unchanged [39]. Another hypothesis concerns the ability
of HCV to impair the expression and/or function of TLR7,
whereas a higher level of expression of this gene by
hepatocytes is observed in individuals with advanced
liver fibrosis [59].

The prevalence of GIn11Leu polymorphism of TLR7
gene among chronic hepatitis C patients according to
E. Ascar (2010) and E. Schott et al. (2007) generally ex-
ceeds 30.0 %, according to the research of S. A. Taghavi
etal. (2009)is 15.2 %, and according to Y. S. Elsedawy et
al.(2016)and T. . Koval et al. (2018) itreaches 41.7 % and
30.9 % among women with chronic hepatitis C, and among
men —17.6 % and 14.4 %, respectively [35-37,60-61].

In the works of E. Ascar (2010) and L. M. Sizova
(2016), no significant associations of this polymorphism
were found with the clinical and laboratory characteristics
of chronic hepatitis C [37,50].

Information on the effect of the TLR7 gene GIn11Leu
polymorphism on the rate of progression of liver fibrosis
is extremely controversial. Some authors point to the ab-
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sence of associations between its presence and the pro-
gression of liver fibrosis in chronic hepatitis C [36-37,62],
others to the protective role of polymorphism in this
process in chronic hepatitis C [54], whereas in the study
of F. Z. Fakhir (2018), this polymorphism is described as
a profibrogenic factor [63].

E. Schott etal. (2008), M. El-Bendary et al. (2018) and
S. . Malov et al. (2018) report a correlation of the pres-
ence of the GIn11Leu polymorphism of the TLR7 gene with
increased susceptibility to HCV and adverse response to
interferon antiviral therapy in chronic hepatitis C patients
[64-66], as confirmed by a study by S. A. Taghavi et al.
(2009), but without the gender dependence of this fact
[34], but it is denied in the works of Y. M. Mosaad et al.
(2019) and S. S. Sleptsova et al. (2019) [62,67].

Thus, the analysis of scientific works of domestic
and foreign authors shows that the susceptibility to HCV,
as well as the formation of complications in humans
are genetically determined and genes of the immune
response and inflammation play an important role in this.
In this regard, the creation of differential diagnostic and
prognostic criteria for the course and consequences of
chronic hepatitis C, developed on the basis of the study
and analysis of the genetic material of each patient, is of
particular importance.

Conclusions

1. The innate immune system plays a prominent role
in the primary protection of the body against pathogens
whose recognition depends on the TLRs family, and ge-
netic analysis is a promising method of preventive and
personalized medicine

2. The advantage of genetic markers is that, regard-
less of age and other factors, they carry information about
the susceptibility to multifactorial diseases, which can be
used to create a «genetic passport».

3. Perceptions about the impact of the Asp299Gly
polymorphism of the TLR4 gene and GIn11Leu of
the TLR7 gene on chronic hepatitis C immunopatho-
genesis are ambiguous and require further study, which
will allow optimizing the therapeutic and diagnostic tactics
for this disease based on a comprehensive evaluation of
the features of immunoreactivity.

Prospects for further research. Future studies could
fruitfully explore this issue further by studying the immu-
nopathogenetic mechanisms of TLR4 impact as well as
TLRY genes impact on the course of chronic hepatitis C
and other infectious pathologies.
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