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AHHOMauusi

B 0630pe npeacTtaeneHa nHopmaumsa 06 ogHOHYKNeoTUAHbIX nonumopduamax (single nucleotide polymorphism,
SNP) B reHax HekoTOpbIX UHTepnenknHos (IL), Bxogdawmx B cynepcemenctso IL-1, n nx cBasm ¢ pasnuyHbIMU
3aboneBaHNsIMM YeroBeka Kak MHEKLMOHHOW, Tak U HEUMH(EKLMOHHOM npupoabl. KpaTko uanoxeHa uctopus
obHapyxeHus SNP 1 passutMe Hay4yHOro nomcka no faHHou npobneme A0 cerogHAWHero BpemeHn. OnmncaHbl
HEKOTOpble MeXaHW3Mbl B3aUMOLENCTBUA UHMEKLUMOHHBIX areHTOB U UMMYHHOW CUCTEMbI YeroBeka C Y4ETOM
SNP otaenbHbIX LMTOKMHOB cynepcemericTea IL-1. MNpuBegeHsbl AaHHble 0 cBA3u psaga SNP B reHax, koavpyto-
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LWnx apyrme haktopbl UMMYHHOW CUCTEMBI, aCCOLIMMPOBAHHbIE C 0COBEHHOCTAMU TEYEHUSA BUPYCHbIX renaTnToB
B n C. Obcyxpaetcsa 3HadeHue onpegenenus SNP-nponopuny npoBocnanuTenbHbIX LMTOKMHOB U UX aHTaro-
HUCTOB cynepcemelictea IL-1 cpeam 300poOBOro HaceneHus U COoTHoLEeHNsT oTaenbHbIX SNP y onpeaenéHHbix
rpynn nauueHToB Kak napamMerpa MOHUTOPMHra CUCTEM 3NMAEMUOIIOrMYECKOro Haasopa 3a MHMEKUMOHHBbIMU

3aboneBaHusMU.

KnroueBble cnoBa: 00HOHYKneomudHbIlU nonumMopghusm, cynepcemelicmeo uHmepnelikuHa-1, supycHble 2ena-

mums! B u C, 0630p

HUcmoyHuk d)UHchupoeaHun. ABTOpPbI 3asABNSAIOT o6 OTCYTCTBMM BHELUHEro drHaHCUPOBaHWA NpU NPOBEAEHUN

ncenenoBsaHuA.

Kom;bnu:(m uHmepecos. ABTOpPbI OEKNapupyoT OTCYTCTBME ABHbIX U NOTEHUWaNnbHbIX KOH(PIMKTOB MHTEPECOB, CBS-

3aHHbIX C Nybnukauuen HacTosILLEen cTaTbu.
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The aim of the review is to provide up-to-date in-
formation on the association of polymorphisms in in-
terleukin-1 superfamily genes and some cytokines with
human diseases, including viral hepatitis B and C.

As currently assumed, most of the human dis-
eases are multifactorial. The international Human Ge-
nome Project completed in 2000 set the stage for a new
and important trend in studying molecular and genetic
mechanisms in a wide range of autoimmune and in-
fectious diseases. The project provided an insight into
the relationship between an individual’s susceptibility
to different diseases, severity of their development,
their outcomes and treatment effectiveness, on the one
hand, and single nucleotide polymorphisms, on the
other hand. It sparked great interest among scientists,
motivating them for thorough research on the new
problem.

SNPs are the smallest possible variations of the
genetic code or the substitution of one nucleotide base
for another. Currently, the related term "single nucle-
otide variation" (SNV) is becoming quite popular,
though it has a more general meaning, including sin-
gle nucleotide deletions and insertions, which in coding
sequences cause the reading frameshift and premature
termination of translation, thus affecting adversely the
protein synthesis. SNVs will not be discussed in this
review. The nonsynonymous substitution, on the one
hand, can lead to a missense mutation (incorporation
of a different amino acid into the resulting protein and
possible alteration of protein properties) or, on the other
hand, can result in a nonsense mutation (creation of a
stop codon, which causes termination of the transcrip-
tion). Synonymous substitutions do not lead to substitu-
tions in the protein sequence and, consequently, do not
cause any alterations in the encoded protein and disrup-
tion of its functions. SNPs are found in both coding and
non-coding regions of a gene. Mosrati et al. described
2 polymorphic loci in the promoter region of the TERT
(telomerase reverse transcriptase, which is a catalytic
subunit of the enzyme telomerase) gene, or more spe-
cifically, 52736100 (A—C) and rs10069690 (C—T)

with homozygosity for the C and T variants, respec-
tively, associated with an increased risk of developing
primary glioblastoma [1].

The new era of molecular diagnostics opened
new avenues in exploration of the relationship be-
tween SNPs and different human diseases. Most of the
research articles published in the early 2000s focused
mostly on detection of new SNPs in the human ge-
nome, making no attempts to find any correlation re-
lationships with different diseases [2, 3]. The increased
interest of researchers from different countries resulted
in description of numerous SNPs in the human genome.
In their review summarizing the results of multiple
studies, Sachidanandam et al. provided a map of 1.42
million SNPs [4]. Currently, the number of identified
polymorphisms exceeds the previous number manifold:
According to the data generated by the 1000 Genomes
Project, more than 40 million SNPs were identified in
the human genome. The same period is rich in studies
focusing on detection of relationships between SNPs
and different diseases. Hijikata et al. reported the iden-
tified correlation between the polymorphism of the
promoter region of the MxA4 gene encoding myxovirus
(MX1, Gene ID: 4599) resistance proteins and the vi-
rological response to treatment of patients with chronic
hepatitis C (CHC) [5]. Soon after, Grosch et al. found
the association between the polymorphism of the MOR
gene (u-opioid receptor, Gene ID: 4988) and the risk of
idiopathic epilepsy development [6].

The intense interest and fast accumulation of new
data on the role of SNPs in development of diseases
provided the basis for the International HapMap Proj-
ect that was launched in 2002 and is still available to
researchers worldwide [7]. The main objective of the
HapMap Project is full-scale mapping of SNPs in the
haploid set of the human genome. Note that concep-
tually similar studies were conducted in the late 1990s
to explore the joint effect of polymorphisms in closely
linked genes on some disease processes. Chamberlain
et al. and Fujita et al. found the association of polymor-
phism at the D9S5 locus on chromosome 9 with the
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mutation at the FA locus, which is tightly linked to de-
velopment of Friedreich ataxia [8, 9].

The interaction between an infectious agent and
the human immune system is a complex and multifacto-
rial process involving active participation of cytokines.
A significant part of the cytokine system is represented
by the interleukin group, which includes the IL-1 su-
perfamily comprising 11 proteins. At the initial stage of
an infectious disease, these proteins participate in ac-
tivation of phagocytosis and synthesis of arachidonic
acid, which is a precursor in the biosynthesis of prosta-
glandins and thromboxanes [10]. Previously, this group
included only four proteins: IL-1a, -1, -1RA, and -18.
Other cytokines with similar functions were discovered
later and were also included in the superfamily. The dis-
covery of new interleukins made it necessary to make
changes in the names assigned to interleukins of the
above superfamily (Table 1).

The simplified scheme of the inflammatory path-
way of the IL-1 family can be described as a competitive
interaction between IL-1a, -1p, and -1RA (the interleu-
kin receptor antagonist) and 3 receptors for the above
interleukins: IL-1R1, -1R2, -1R3 (IL-1RACcP accessory
protein). The interaction can result in activation of the
proinflammatory or the anti-inflammatory pathway.

Although the IL-1a functions have not been stud-
ied to the full extent, Werman et al. believe that this
interleukin is a signaling molecule functioning as a
transcription factor for proinflammatory cytokines [12].
The implementation of the inflammatory pathway be-
comes possible if [L-1a and IL-1p bind to the IL-1R1
receptor with the participation of IL-1RAcP. If IL-1p
binds to IL-1R2 (a decoy receptor), the signal initiat-
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ing the inflammatory pathway is not transmitted, and
the inflammatory process does not develop [13]. The
expression of IL-1a and IL-1P genes is different. The
alpha-protein continuously persists in epithelial and
mesenchymal cells of the healthy body; there are data
proving its presence in large quantities during cellular
apoptosis [14]. The active IL-1B transcription occurs
solely in response to development of a pathologic pro-
cess. The transcription of cytokine genes, including
IL-1, is activated through Toll-like receptors (TLRs)
primarily recognizing pathogen-associated molecular
patterns (PAMPs), which include bacterial and fun-
gal cell wall components, their nucleic acids and pro-
teins, as well as damage-associated molecular patterns
(DAMPs) — endogenous molecules that are released
from damaged cells following the infection or any other
pathological conditions.

Expression levels of IL-1p and -1RA depend on
epigenetic modifications in the respective protein-cod-
ing regions, as it was confirmed by Madej et al. who
conducted the in vitro study to compare expression lev-
els of proinflammatory cytokines and their antagonists
through dual exposure of isolated monocytes and mac-
rophages to infectious bacteria [14]. We think that the
mechanism described above is universal and is imple-
mented in multiple pathological processes, though this
assumption needs further studies.

Currently, locus rs1800587 (-889C—T) is one of
the most extensively researched IL-1a SNPs. Numerous
attempts have been made to identify the association of
this polymorphism with different diseases; studies have
frequently produced discordant findings. For example,
Psemeneckiené er al. [15] identified the association

Table 1. Names of IL-1 superfamily interleukins in the new and previous nomenclatures [11]

The name approved in the previous

The name approved

Identification number

nomenclature in the new nomenclature (NCBI Gene ID)
IL-1a 1F1 ID: 3552
IL-1B 1F2 ID: 3553

IL-1RA 1F3 ID: 3557
IL-18 1F4 ID: 3606
IL-36Ra 1F5 ID: 26525
IL-36a 1F6 ID: 27179
IL-37 1F7 ID: 27178
IL-368 1F8 ID: 27177
IL-36y 1F9 ID: 56300
IL-38 1F10 ID: 84639
IL-33 1F11 ID: 90865
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with high risk of Alzheimer’s disease development. In
the meantime, Serretti ef al. and Yildiz et al. did not find
any proof of the above association [16, 17]. Such con-
troversial findings may be explained by ethnic distribu-
tion of the patients: The association between SNPs and
Alzheimer’s disease was found in patients from Lithua-
nia, though it was absent in Italians, Greeks, and Turks.
The similar discrepancies were encountered during
attempts to find the association between rs/800587
(C—T) SNP and the risk of posttraumatic osteomyelitis
and many other diseases. Asensi et al. and Tsezou et al.
reported the positive correlation [18, 19], while Jiang
et al. did not find any correlation [20]. Note that the
range of diseases associated with the rs 1800587 (C—T)
polymorphism is quite wide and has not been identified
yet. In their recent research, Korobeinikova et al. [21]
reported the significant prevalence of the homozygous
CC genotype in patients with a larger size of the prima-
ry breast cancer tumor and more unfavorable prognosis
for the disease outcome as compared with other geno-
types of the same SNP.

As members of the IL-1 superfamily are proinflam-
matory agents of the immune system, multiple attempts
have been made to find the association between se-
quence variations encoding IL-1 members and the wide
range of human diseases. Although results obtained by
many researchers give no evidence of any associations,
they are highly important for creating a global data-
bank. For example, Picos et al. [22] found no associ-
ation of rs16944 (-511C—T1), rs1143634 (3953C—T),
and rs1800587 (-889C—T) polymorphisms with gas-
troesophageal reflux disease. No association between
IL-1a nucleotide polymorphisms for 7s 1800587 (C—T)
and rs17561 (G—T) loci and open-angle glaucoma or
autoimmune diseases (systemic sclerosis, juvenile id-
iopathic arthritis, rheumatoid arthritis, multiple sclero-
sis, and systemic lupus erythematosus) was found [23,
24]. Identification of negative correlation relationships
can be of great use in finding new genetic targets of the
studied diseases. The obtained results can also be used
in repeat research with different parameters of study
groups, materials and methods.

At present, IL-1p is a more actively researched
member of the IL-1 family as compared to IL-1a,
which, in our opinion, can be explained by the high
significance of SNP for functional activity of the pro-
duced protein. Goracy et al. [25] found that the pres-
ence of the C-allele at rs7143627 (-317—C) located
in the promoter region of the IL-1B-coding gene was
associated with high probability of a stroke. Okada
et al. [26] identified the TT genotype as a risk fac-
tor for pouchitis in patients with ulcerative colitis and
its progression. Rech et al. [3] studied the impact of
the rs1143627 (-31T—C) polymorphism and came
to conclusion that the 7T genotype is associated with
chronic gastritis caused by H. pylori; they also made
assumption that individuals with the 7T genotype are

characterized by significantly higher expression of
proinflammatory IL-1p.

Polymorphic variants of locus 7516944 (-511C—T)
are in linkage disequilibrium with allelic variants of lo-
cus 751143627 (-31T—C). The most unfavorable com-
bination is represented by the C/T (-31/-511) haplotype.
The above conclusion was made by Oliveira et al. [23]
when they studied the association of polymorphisms
with open-angle glaucoma. Landvik et al. [27] were
able to identify the linkage group of four IL-1p poly-
morphisms: -3893G, -1464G, -511C, and -317, which
is a risk factor for non-small cell lung cancer caused by
the ability of this combination group of nucleotides to
boost translation of proinflammatory IL-1 molecules.

IL-1RA encoded by the /L-/RN gene is a mono-
meric glycated protein and binds with similar affinity to
IL-1R1 and IL-1p receptors, without any further signal
transmission, thus causing an anti-inflammatory effect
[28]. This protein is expressed in many tissues of the
body: intestine, lungs, lymph nodes, liver, skin, etc. A
substantial increase in the IL-1RA production can be
indicative of a favorable prognosis in acute conditions,
while a decrease in its production implies the preva-
lence of the proinflammatory profile, which, in its turn,
is seen as a chronic process predictor.

The anti-inflammatory property of IL-1RA is suc-
cessfully used in medical practice. Such severe diseases
as theumatoid arthritis, atherosclerosis, coronary artery
disease, diabetes, metabolic syndrome, and others are
successfully treated with anakinra, a recombinant form
of IL-1 receptor antagonist (IL-1Ra) [29, 30]. Muta-
tions in the nucleotide sequence encoding IL-1RA,
such as deletions or insertions of nucleotides can cause
an increased risk of nonfunctional protein production,
which can result in development of deficiency of the
IL-1 receptor antagonist (DIRA) resulting in severe
skin and bone inflammation [31].

The IL-1RN gene has 5 allelic variants, depending
on the number of the incorporated tandem repeats, or
variable number tandem repeats (VNTRSs) consisting
of 86 base pairs and located in intron 2. Allele 2 (IL-
1RN*2), which has 2 tandem repeats, is associated with
high risk of carotid artery disease [32] and coronary
heart disease [33]. The IL1RN*2 haplotype is also asso-
ciated with male infertility [34], while the ILIRN*1/*1
genotype was associated by Tripathy et al. with high
risk of chikungunya virus infection [35].

Ismail et al. demonstrated that IL-1RN rs4/9598
(-20187—C) SNPs, the CT genotype could be used as
a predictor of more aggressive form of rheumatoid ar-
thritis [36]. Lin et al. did not find any association of
IL-1RN 756743376 and rs1542176 SNPs with risk of a
myocardial infarction [37]. Ibafiez et al. found that the
protective properties of the rs380092 T-allele (C—T)
were associated with minimization of intimal thicken-
ing, which precedes atherosclerosis [38]. Attur et al.
found that the CTA-haplotype of rs419598/rs315952/
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rs9005 loci is associated with lower risk of knee osteo-
arthritis [39].

Individuals differ in their susceptibility to viral in-
fections and response to the infection process. Accord-
ing to WHO, 30% of individuals with hepatitis C virus
infection (HCV) clear the virus spontaneously within
the first six months of the infection, without therapeutic
intervention, while the remaining 70% of persons will
develop chronic HCV infection. Of those with chronic
HCYV infection, the risk of liver cirrhosis (LC) ranges
between 15% and 30% [40]. The variability of the hu-
man genome is one of the critical factors affecting the
individual development patterns of infection processes,
including viral hepatitis infections. Identification of ge-
netic markers is of high importance for disease develop-
ment prognosis, for patients’ individual responsiveness
to treatment regimes, and for computational modeling
of an epidemic process, including short-term and medi-
um-term scenarios of its development. Signaling path-
ways participating in implementation of the immune re-
sponse are significant areas for finding SNPs affecting
the intensity of the infection process in patients with vi-
ral hepatitis. At present, studies are focused on the role
of SNPs in HLA-DPB1, HLA-DPAI, DOBI1, DOB2, and
DQA?2 genes belonging to the major histocompatibility
complex (MHC) Class II, which, in its turn, is responsi-
ble for antigen presentation to CD4" cells.

According to WHO, hepatitis B and C are diseases
causing severe damage to the health of people in many
countries. Worldwide, there are 325 million people liv-
ing with viral hepatitis B and C leading to more than
900 thousand deaths a year. Recognizing the tremen-
dous global burden caused by viral hepatitis, in 2016,
WHO adopted the Global Health Sector Strategies on
Viral Hepatitis for 20162021, calling for global elimi-
nation of viral hepatitis. Viral hepatitis is a global chal-
lenge that demands researchers conduct scientific stud-
ies across the entire spectrum of the problem, including
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identification of associations between SNPs and hepa-
titis B and C. The main focus is on search for patterns
and risk factors for development of LC and primary
liver cancer (PLC), which are the most severe compli-
cations of chronic hepatitis B (CHB) and chronic hepa-
titis C (CHC) (Table 2).

Researchers from different countries found se-
veral polymorphisms associated with LC and PLC.
Most of the studies were performed in China, which is
highly endemic for hepatitis B. In their studies, Jiang
et al. prove the existence of the association of HLA-
DQBI (Gene ID: 3119) 159275319 (A—G) polymor-
phism with LC and PLC [41, 63]. Cao et al. found that
in patients with CHB, the A4 genotype of rs1800896
(G—4) IL-10 (Gene ID: 3586) could be seen as a risk
factor for LC and PLC compared with the GG allele
[43]. The studies performed among patients with CHB
and CHC in European countries also demonstrated as-
sociations of some SNPs with higher risks of LC and
PLC development. Polish researchers found that pa-
tients with CHB were exposed to higher risk of LC de-
velopment, and this risk was associated with the /L10
GCCT haplotype (1082G/819C/592C/1353T, 1D 3586)
[44]. Jiménez-Sousa et al. and Cavalli et al. found the
association between the MERTK 754374383 (A—G),
ID10461, and high risk of LC development in CHC pa-
tients in Spain [46, 47].

In addition to associations with LC and PLC, in
the recent years there have been identified associations
of SNPs with other characteristics inherent in infections
caused by hepatitis B and C viruses (Table 3).

The meta-analysis of epidemiological studies on
identification of the association of SNP /L-28B (IFNL3;
Gene ID: 282617) with hepatitis B and C, which was
performed by Jiménez-Sousa et al. [52], showed that
the CC genotype was associated with a higher frequen-
cy of spontaneous clearance of hepatitis C virus infec-
tion both in patients of Mongolian origin and in patients

Table 2. SNP associations with the development of liver cirrhosis (LC) and hepatocellular carcinoma (HCC) in patients with

chronic hepatitis B (CHB) and C (CHC)

Gene Region of Identification of
Polymorphism g Study groups n association between Effect
ID NSBI study, source . .
SNPs and viral hepatitis
HLA-DQB1  rs9275319 (A—G) China CHB and 702 P=1,30 x 1073 A-allele —risk of LC
ID: 3119 [63] cirrhosis-patients OR =1,32;
95% Cl 1,06-1,64
Healthy 2601
population
China Patients 1161 P o =2,72%x107" A-allele — risk factor
[41] with CHB and HCC OR=1,49 for CHB and HCC
Healthy 1353

population
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End of Table 2.
: Identification of
Gene Polymorphism Region of Study groups n association between Effect
ID NSBI study, source . s
SNPs and viral hepatitis
IL-6 rs1474347 (C—A,G) Egypt Patients 22 OR=57; AC allele is associated with
ID: 3569 [42] with CHC and LC 95% ClI 1,05-31,07; high risk of LC and HCC
p <0,05
Patients with 54
HCV and HCC
Comparison 48
group
IL-10 rs1800896 (G—A) China Patients with 241 OR =2,01; AA genotype is a risk factor
ID: 3586 [43] LCin CHC 95% ClI 1,10-3,65; for LC and HCC
p <0,05
Comparison 254
group
rs1800896 Poland Patients 857 OR =2,61; GCCT haplotype is associated
(-1082G—A)/ [44] with CHB 95% ClI 1,58-4,30; with risk of LC in CHB
rs1800871 p =0,0003
(-819T—C)/
rs1800872 Comparison 100
(-592C/A)/ group
rs1800893
(-1353CIT)
1082G/819C/
592C/1353T
STAT4 rs7574865 China Patients 5902 OR =1,18; G-allele — risk factor
ID: 6775 (T-A,G) [45] with CHB 95% CI 1,07-1,31; for HCC
p =0,001
Comparison 7867
group
MERTK rs4374383 (A—G) Spain Patients 208 OR =2,18; G allele is associated with
ID: 10461 [46, 47] with CHC p=0,070 higher risk of liver fibrosis
in CHC patients as compared
to A allele
TLR4" rs2148356 (A—T) Spain Patients with 155 OR =0,942; T allele is associated with
ID: 7099 [48] CHC and HCC 95% Cl 0,366-2,426 low risk of HCC and slow
progression of CHC
Patients 153
with CHC
Comparison 390
group

Note. 95% Cl — 95% confidence interval; OR — odds ratio.
A number of studies addressing TLR4 rs4986790 and rs4986791 SNPs did not find any association with any parameter for CHB and CHC

or obtained results different from those shown in Table 2. Katrinli et al. [59] found no association between the rs4986790 polymorphism and
CHB; Pires-Neto Ode et al. [60] claimed the absence of any correlation of rs4986790 and rs4986791 with CHB and CHC. Sghaier et al. [56]

identified the G allele at locus rs4986790 as a risk factor for chronic infection with hepatitis B and C viruses.
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Table 3. Simple nucleotide polymorphisms associated with achieving a sustained virological response, spontaneous
clearance, and high risk of chronicity in patients with HBV and HCV infections

Identified SNP

Gene Region of . ”
Polymorphysm Study groups n and viral hepatitis Effect
ID NSBI study, source associations
HLA-DQB2 C—T rs7756516 China Patients with CHB 321 OR =0,46; TT haplotype is associated
ID: 3120 (C-T) [49] 95% ClI with non-sustained therapeutic
0,23-0,91; response in patients with CHB
p =0,0262
HLA-DQA2 G/T rs9276370 Comparison group 304
ID: 3118 (G—AT)
IL-10 rs1800896 Egypt Patients with LC 50 OR =4,0; GG genotype is associated with
ID: 3586 (T—-C) [50] in CHC 95% Cl 1,86-8,8; higher susceptibility to HCV
p <0,05
Comparison group 50
rs1800871 India Patients with 40 OR =24; TC genotype is a risk factor
(-819T7—C) [51] acute hepatic 95% CI 0,9-6,2; for acute liver failure
encephalopathy in p <0,05
acute viral hepatitis E
combined with CHB
Comparison group 40
IL-28B rs12979860 Metaanalysis Mongoloid patients 1880 OR =1,31; CC genotype implies higher
(IFNL3) (C-T) [52] 95% CI1 0,79-2,15 probability of spontaneous
ID: 282617 clearance
Caucasian patients 8828 OR = 3,78;
95% CI 2,60-5,50
Russia CHC patients 48 OR =2,38;
[53] (genotype CC) 95% CI 1,1-5,11;
p = 0,025
Patients with CHC 76
(other genotype)
rs4803217 (CIA) Poland Patients with CHC 96 OR =4,979; A allele is associated with
[54] 95% ClI sustained virological response
1,344-18,444; to CHC (HCV genotype 1)
p=0,016 treatment with pegylated
interferon and ribavirin
STAT3 rs1053004 China Patients with CHB 5242 OR =1,17,; C allele suggests higher risk
ID: 6774 (C-T) [45] 95% ClI of chronicity following
1,07-1,29; acute hepatitis B
Comparison group 2717 p =0,0007
HLA-DPB1 rs9277378 Thailand MaumeHTbl ¢ XIB 219 OR =0,47; A allele suggests lower risk
ID: 3115 (A—C,G,T) [55] Patients with CHB 95% ClI of chronicity following acute
0,31-0,72; hepatitis B
p = 0,001
Comparison group 123
rs4986790" Tunisia Patients with CHC 174 p =0,031 T allele is a risk factor for chronic
(A—G,T) [56] infection in patients with acute
hepatitis C
Comparison group 360
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Gene Region of Identified SNP
ID NSBI Polymorphysm study, source Study groups n and wral_hgpatltls Effect
associations
China Patients with CHB 278 OR = 3,29; G allele is associated
[57] 95% Cl with spontaneous HBsAg
0,85-5,73; seroclearance
p =0,008
rs4986791° Saudi Arabia Patients with HCV 450 rs4986791: T allele of rs4986791 combined
(C-T [58] OR =0,298; with the G-allele of rs4986790
95% Cl have a protective effect against
Comparison group 600 0,201-0,443; HCV
p < 0,0001
rs4986790:
OR =0,404;
95% ClI
0,281-0,581;
p < 0,0001
IFNL4 rs368234815 Russia Patients with HCV 48 OR = 2,38; TT/TT in combination with the CC
ID: 101180976 (G—TT,T,.C) [53] (genotype TT) 95% Cl 1,1-5,11; genotype of rs12979860
p = 0,025 is associated with high probability

of spontaneous HCV clearance

Patients with HCV 76
(other genotype)

of Caucasian origin. The data on the association of com-
bined T7/TT genotypes (IFNL4; Gene ID: 101180976)
and CC (IFNL3; Gene ID: 282617) [53] with sponta-
neous clearance are of particular interest. Chinese re-
searchers identified the association between rs4986790
(A4—G,T) in HLA-DPB]I gene (Gene ID: 3115) at and
elimination of HBsAg in patients with CHB [57]. The
association of the T-allele of rs4986790 (4—G,T),
HLA-DPBI gene (Gene ID: 3115) with higher risk of
chronic infection in patients infected with HCV was
found during the examination of a cohort of patients
in Tunisia [56]. Shi ef al. identified that the carriers of
the C-allele of rs1053004 STAT3 (Gene ID: 6774), had
higher risk of chronicity following acute hepatitis B
[45]. In India, Maurya et al. found that the TC genotype
of rs1800871 (-819 T—C), IL10 gene (Gene ID: 3586),
was associated with higher probability of development
of fulminant hepatitis E in patients with CHC [51].
Egyptian researchers found the association between
the GG genotype of rs1800896, IL10 gene (Gene ID:
3586), and higher susceptibility to HCV infection [50].

The STAT3 and STAT4 proteins encoded by the
respective genes mediate expression of the genes re-
sponsible for the immune response and participate in
activation of processes involving cell growth and apop-
tosis. IFNL3, similar to /FFNL4, has antiviral and anti-
tumor properties; it acts as a ligand for the Class II het-
erodimeric cytokine receptor consisting of /L-10RB and
IFNLRI; the receptor activates the JAK/STAT-pathway
to transmit a signal and trigger an antiviral effect. The

MERTK gene encodes the MER protein (MER pro-
to-oncogene, tyrosine kinase), which is a member
of the TAM RTK (Tyro3, Axl, Mer receptor tyrosine
kinase) family of receptor kinases and is a transmem-
brane protein with 2 domains of fibronectin type-III,
1 domain of tyrosine kinase and 2 immunoglobulin-like
domains. MER inhibits the signaling pathways actuat-
ed by cytokines and TLR ligands through suppressors
of cytokine signaling and participates in clearance of
apoptotic cells [61]. TLR4 is a signaling protein trans-
ducing a signal to Kupffer cells in the event of hepatitis
B and C development, thus activating the synthesis of
proinflammatory cytokines, such as TNF-a, IL-1p, -6,
-12, -18 as well as anti-inflammatory IL-10, -4, TGFf
cytokines, and others. IL-6 induces the production of
proteins of the acute phase of inflammation; in hepatitis
B and C, it participates in intensification of hepatocyte
mitosis. The synthesis of IL-6 is activated by TLR4
as well as by IL-1 and TNF-a [62]. IL-10 induces the
synthesis of Th2, monocytes, macrophages, cytotoxic
T lymphocytes, and mast cells; it inhibits the activation
of Th1l and NK-cells; it promotes production of colla-
gen by hepatic stellate cells, thus being one of the fac-
tors contributing the development of fibrosis and LC.
The function of TNF-a is to induce the synthesis of
IFN-y and CDS§".

IL-28B belongs to the type Il interferon (A)
with a high antiviral effect achieved through the JAK/
STAT-signaling cascade-mediated activation of the pro-
tein kinase inhibiting replication of HCV.



206

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2021; 98(2)

DOI: https://doi.org/10.36233/0372-9311-121

IFN-y has numerous immune-regulatory proper-
ties: It activates macrophages and monocytes, neutro-
phils, and NK-cells; it stimulates differentiation be-
tween T- and B-lymphocytes.

Among the range of less-explored polymor-
phisms, one of the most promising focus areas is iden-
tification of associations between SNPs of the IL-1
superfamily and viral hepatitis, considering a signif-
icant biological role of the above proinflammatory
cytokines and their antagonists. Currently, there are
published results of the studies exploring the associa-
tion between the members of the IL-1 superfamily and
viral hepatitis. Estfanous et al. found that for IL-1f
rs1143629 SNPs, the homozygous 44 variant has a
significantly higher rate of occurrence among patients
with CHC, though there was no correlation for IL-1f
rs1143634 [64]. IL-18 SNPs (the GG genotype of
rs1946518) were found to be associated with low sus-
ceptibility to HCV infection, while the 7-allele was
associated with high risk of infection. Biswas et al.
found the prevailing CC IL-1B -511 (C/T) genotype in
patients with asymptomatic CHC [65]. As compared to
the patients with LC and the control group of healthy
people, genotype 2/2 for IL-1RN was more frequently
detected in patients with LC; the combination of IL-1f
(-511) and IL-1RN genotypes, which was represented

REVIEWS

by CC-1/2, was more typical of asymptomatic CHC,
while the 77-2/2 combination was more typical of pa-
tients with LC.

Associations between polymorphisms and dif-
ferent diseases are being extensively studied in many
countries. The understanding of the SNP association
with people’s susceptibility to different diseases, se-
verity of disease development and outcome, efficiency
of antiviral medications is of tremendous significance
for epidemiological studies. An important component
of the present-day systems of epidemiological surveil-
lance of infectious diseases is designing of precise com-
putational models of epidemic process development.
Reliable scenarios of further evolution of epidemic
processes cannot be prepared without knowing the SNP
proportion among the healthy population and the ratio
of SNPs in specific groups of patients. The pressing de-
mand for improved efficiency of epidemic preventive
actions adds significance to SNP research and suggests
that assessment methods for SNP proportions should
be included in the epidemiological surveillance system
as monitoring parameters. Considering the significant
biological role of proinflammatory cytokines and their
antagonists of the IL1 superfamily, exploration of as-
sociations between SNPs and viral hepatitis B and C is
one of the priority objectives.
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