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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 Gln11Leu 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.

Сучасний погляд на роль Toll-подібних рецепторів у функціонуванні імунної системи  
та імунопатогенезі хронічного гепатиту С (огляд літератури)

Л. М. Сизова, Т. І. Коваль, В. І. Ільченко, І. М. Звягольська, О. М. Ізюмська
Незважаючи на великі досягнення у вивченні імунопатогенезу хронічного гепатиту С, залишається багато невирішених 
питань щодо діагностики, прогнозування перебігу та ефективності лікування. У контексті вивчення цієї інфекції викли-
кають інтерес рецептори вродженої імунної системи – Toll-подібні рецептори.

Мета роботи – проаналізувати відомості сучасної фахової літератури щодо ролі окремих Toll-подібних рецепторів в 
імунопатогенезі хронічного гепатиту С.

Матеріали та методи. Методами оглядового, системного та контент-аналізу опрацювали доступні наукові джерела, 
що присвячені вивченню Toll-подібних рецепторів. Наведені дані світової фахової літератури та проаналізовані ре-
зультати сучасних досліджень.

Висновки. Вроджена імунна система відіграє визначальну роль у первинному захисті організму від патогенів, розпізна-
вання яких залежить від родини Toll-подібних рецепторів, а генетичний аналіз – перспективний метод превентивної 
та персоналізованої медицини. Перевага генетичних маркерів полягає в тому, що вони незалежно від віку та інших 
факторів містять інформацію про схильність до мультифакторіальних хвороб, що можна використати під час ство-
рення «генетичного паспорта» людини. Уявлення щодо впливу поліморфізму Asp299Gly гена Toll-подібного рецептора 
4 і Gln11Leu гена Toll-подібного рецептора 7 на імунопатогенез хронічного гепатиту С неоднозначні та потребують 
продовження вивчення. Це дасть змогу оптимізувати лікувально-діагностичну тактику при цьому захворюванні на 
основі комплексного оцінювання особливостей імунного реагування, що зумовлені наявністю названих поліморфізмів.

Современный взгляд на роль Toll-подобных рецепторов в функционировании 
иммунной системы и иммунопатогенезе хронического гепатита С (обзор литературы)
Л. М. Сизова, Т. И. Коваль, В. И. Ильченко, И. Н. Звягольская, Е. М. Изюмская

Несмотря на значительные достижения в изучении иммунопатогенеза хронического гепатита С, остается много 
нерешенных вопросов относительно диагностики, прогнозирования течения и эффективности лечения. В кон-
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тексте изучения этой инфекции вызывают интерес рецепторы врожденной иммунной системы − Toll-подобные 
рецепторы.

Цель работы – провести анализ данных современной научной литературы о роли отдельных Toll-подобных рецепторов 
в иммунопатогенезе хронического гепатита С.

Материалы и методы. Методами обзорного, системного и контент-анализа обработаны доступные научные источники, 
посвященные изучению Toll-подобных рецепторов. Представлены данные мировой научной литературы и проанали-
зированы результаты современных исследований.

Выводы. Врожденная иммунная система играет ведущую роль в первичной защите организма от патогенов, распозна-
вание которых зависит от семьи Toll-подобных рецепторов, а генетический анализ – перспективный метод превентивной 
и персонализированной медицины. Преимущество генетических маркеров заключается в том, что они независимо от 
возраста и других факторов содержат информацию о склонности к мультифакториальным заболеваниям, что может 
быть использовано при создании «генетического паспорта» человека. Представление о влиянии полиморфизма 
Asp299Gly гена Toll-подобного рецептора 4 и Gln11Leu гена Toll-подобного рецептора 7 на иммунопатогенез хронического 
гепатита С неоднозначны и требуют дальнейшего изучения, что позволит оптимизировать лечебно-диагностическую 
тактику при этом заболевании на основе комплексной оценки особенностей иммунного реагирования, обусловленных 
наличием указанных полиморфизмов.

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. Nüsslein-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 

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 (MAPKs). 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 cell in a locked (inactive) state [23]. Several groups of 
transcription factors are known today. However, the nucle-
ar factor (NF-κB) has been widely studied [8]. The value 

of protein kinases is in the following. On releasing from 
the NF-κB 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-β (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-κB, mitogen-activated protein kinases (MAPKs). In 
the case of NF-κB, the protein remains in the cytoplasm, 
binding to the NF-κB (IκB) inhibitor. Phosphorylation of 
IκB the IκB kinase complex (IKK) leads to the destruction 
of the inhibitor, which makes it possible to move NF-κB 
to the nucleus. Simultaneous activation of NF-κB 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. 
It is 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-κB. These two transcription factors potentiate 
the action of each other, stimulate the production of 
type I interferons (IFN-α, IFN-β, IFN-γ) and activation of 
interferon-inducible genes [8,23−24]. The TLR7, TLR8, 
TLR9 genes are also capable of initiating type I 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 I and 
II interferon, which in turn would activate the processes of 
destruction of intracellular pathogens, while activation of 
NF-κB induces a pro inflammatory effect through cytokine 
secretion, such as TNF -α, 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 

Огляди
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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 
a sustained 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 Gln11Leu of TLR7 gene on chronic hepatitis C 
immunopathogenesis.

Nowadays, the rapid accumulation of knowledge 
about the genetic basis of pathological processes en riches 
the idea of immunopathogenesis of common human 

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 9th chromosome 
(9q32-33i), 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, β-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]; 
Asp299Gly 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-κB into the nucleus and affects 
the inhibition of the synthesis of proinflammatory cytokines 
IL-6 and TNF-α 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 

Fig. 1. TLRs signaling pathways [26].
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acids. The receptor is able to activate the transcription 
factors NF-κB 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].

Gln11Leu 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 (Gln) 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 Gln11Leu 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-α 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-β, 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 
et al. (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. Sizovа 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].

A large 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. Du bynska et al. (2016) and M. S. Iqbal 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-α by dendritic cells 
[57−58], and in the presence of Gln11Leu polymorphism, 
TLR7 expression is reduced by hepatocytes with the lack 
of recognition of the virus, thereby limiting the production 
of IFN-α and IFN-λ, 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 Gln11Leu 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 
et al. (2009) is 15.2 %, and according to Y. S. Elsedawy et 
al. (2016) and T. I. Koval et al. (2018) it reaches 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 Gln11Leu 
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 et al. (2008), M. El-Bendary et al. (2018) and 
S. I. Malov et al. (2018) report a correlation of the pres-
ence of the Gln11Leu 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 Gln11Leu 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 
TLR7 genes impact on the course of chronic hepatitis C 
and other infectious pathologies.
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