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Pesome. ATonmuueckuii nepMaTUT — PacIPOCTPaHEHHOE XPOHMYECKOE BOCHAJIMTEIbHOE 3a0ojieBaHUe
KOXXM, aCCOIIMMPOBAHHOE CO 3HAYMTEJIbHBIM CHUKEHWEM KadecTBa XU3HU. CUMTaeTcs, 4To aTOMMIecKuii
JIePMaTUT Pa3BUBACTCS y JIMI] C TEHETUYECKOU TIPEeIPaCIOOKEHHOCTHIO K aTOIMU MO BO3[eiicTBUEM (haK-
TOPOB OKPY3KaIoIIei Cpeibl, UIMMYHHOM JTUCPETYJISIIIMNA Y U3MEHEHUEeM MUKpoOroMa Koxu. ToJuT-1mo1o0HbIe
perenTopsl (TLR) IBISIFOTCSI HEOTHheMIIEMOM YacThIO BPOXKACHHONM NMMMYHHOM CUCTEMBI U Y9aCTBYIOT B pac-
MO3HAaBaHUU MAaTOreH-aCCOLIMMPOBAHHBIX MOJIEKYJISIPHBIX MTaTTepHOB. Lleabio nccaenoBaHus ObLIO OLIEHUTh
TEHETUYECKUI PUCK Pa3BUTHUS aTOTIMYECKOTO IepMaTUTa HA OCHOBAaHUY U3YyUYEeHUS TIOTMMOPGHBIX MapKEPOB
BreHax TLR2, TLR4u TLR9. B uccinenoBanue 0bU1H BKIOYeHBI 100 marieHTOB C aTONMMYECKUM IePMAaTUTOM
cpeaHeit (n = 56) u Tsikesoit (n = 44) ctereHbio TsixkecTu. Bo3pacT BapbupoBait ot 18 10 65 jieT. B rpynimmy KoH-
TPOJIST OBUTM BKITIOYCHEI 72 MOOPOBOJIBIIA cTapiie 18 jieT, He MMEIONINX B aHaMHe3¢ KaKMUX-JIM0O ajieprude-
CKMX 3a00JieBaHU I KOXU. B xone ucciaenoBaHust ObLUIM MTpOaHaIM3MPOBaHbI Caeaylolie MapKephbl: 1s5743708
BreHe TLR2, 1s4986791 B rene TLR4 n rs352140 B rene TLRY. UccnenoBaHue reHeTnueckKux MmapkepoB SNP
1s5743708 B reHe TLR2 v 154986791 B rene TLR4 He BBISIBUIO CTATUCTUYECKM 3HAYMMBIX pa3IM4Mii B pac-
npenejaeHun ajieseil u reHoturnoB. M3yuyeHue noaumMmopgHoro Mapkepa rs352140 B rene 7L R9 nokazajio
CTAaTUCTUYECKU OJOCTOBEPHOE Pa3IMUMe MEXIy I'PYIIIOi MallMeHTOB C aTOIMMMYECKUM JePMAaTUTOM CpeIHei
CTETICHU TSKECTH M KOHTPOJIbHOM BbIOOPKOIL. YacToTa BcTpedyaeMocT roMo3uroTbl GG B TpyIine ¢ aToIm-
yecKUM aepMmaTutoM coctaBuia 0,169, B To BpeMsi Kak B rpymiie KoHTpoist — 0,329 (p < 0,05; OR = 0,42;
95% CI =0,18-0,97). Ha ceronHsIHuii 1eHb U3yYeHUE BAUSHYS MTOJIUMOP(MHBIX TeHETUYECKUX JIOKYCOB Ha
PUCK pa3BUTHUS Pa3IMIHBIX 3200JIeBaHUI TIPECTaBIsIET 0COObI MHTepec. OHAKO Cpeay MHOTOUYMCIIEHHBIX
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WCCIIeIOBaHMI, HAaIIpaBJIeHHBIX Ha MoncK SNP-MapKepoB mIsT IMarHOCTUKH ITOBBIIIIEHHOTO PHCKa pa3BU-
TS 3a00JIeBaHMIA, BCTPEYAIOTCS JINIIb SAMHWYHBIC ITyOJIMKALIMM 00 acCOLMAaNU ITOJIMMOP(MHBIX MapKepoB
B reHax TLRs ¢ aronuueckum aepmMatutoM. BeiOpaHHble HaMu noJiuMopdHbIe Mapkephl 155743708 B reHe
TLR4 v 154986791 B rene TLR9 6bU1M M3ydeHbI BITEPBBIC TIPU aTOITMYECKOM JepMaThuTe. B 3akimoueHue, 1mo
pesyabTataM UCCcieNoBaHUsI ObLT BbISIBJIEH OJMH MOJIUMOPMHBIN MapKep, aCCOLIMMPOBAHHBIN C pUCKOM pa3-
BUTUSI aTOMMUYECKOTo JIepMaTuTa. Tak, ObLJI0 IMokazaHo, 4To romo3urorta GG reHetuyeckoro mapkepa SNP
1352140 TLR9Y MmoXeT ObITh NPEAMKTOPOM OTHOCUTEJIFHO PUCKa Pa3BUTHSI aTOIMMMYECKOTO CPpEeIHEeH CTeTeHU
TsDKecTU. TakuM 0Opa3oM, TTOJTyYeHHbBIC TaHHBIE MOTYT OBITh MUCITIOIb30BaHbI TIPU OLICHKE PUCKA Pa3BUTHS
aTONMMYECKOTO IePMATHUTA Y 3MOPOBBIX JIUIL C OTSITOIIEHHBIM CEMEITHBIM aHAMHE30M.

Karouesvie crosa: amonuueckuii depmamum, TLR, SNP, mapkep, amonuueckue 3a001e6anus, 8p0jicOeHHbLI UMMYHUMEm
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Abstract. Toll-like receptors (TLRs) are the most studied among all Pattern Recognition Receptors, the
main function of which is to initiate innate immune response by recognizing pathogen-associated molecular
patterns of various microorganisms on the skin surface. TLR-mediated recognition plays an important role in
linking innate and adaptive immunity that ultimately leads to the production of key cytokines, chemokines
and antimicrobial peptides. Today, there is growing interest in research on single nucleotide polymorphisms
(SNPs) in TLR genes and its influence on susceptibility to inflammatory disease, including atopic dermatitis.
The aim of the research was to study the association of the rs5743708 gene polymorphism in the 7L R2 gene, the
rs4986791 gene polymorphism in the 7L R4 gene and the rs352140 gene polymorphism in the TLR9 gene with
the risk of developing severe cases of AD. A total of 100 patients with AD were included in the study (38 male
and 62 female). The age range was from 18 to 65 years old. All participants were divided into 2 groups according
to the SCORAD index (SCORing Atopic Dermatitis). The control group included 72 volunteers over 18 years
old. The results of our study showed a statistically significant difference between the moderate AD group and
healthy controls in the r$s352140 gene polymorphism in the 7LR9 gene (Figure 1). The frequency of the GG
genotype of SNP rs352140 in TLR9 was 0.169 in the AD group versus 0.329 in the control group (p < 0.05;
OR =0.42;95% CI =0.18-0.97).

In conclusion, the results of our study showed that the 7L R9 rs352140 gene polymorphism may be linked to
an increased risk of atopic dermatitis. Moreover, it was found that the GG genotype of SNP rs352140 in TLR9
can be used as a predictor of the risk of developing moderate AD.

Keywords: atopic dermatitis, TLR, SNP, marker, atopic diseases, innate immunity

Introduction

Atopic dermatitis (AD) is a common chronic
inflammatory skin disease associated with the
significantly decreased quality of life. The first
signs of AD usually appear in infancy, which may
precede the development of other allergic diseases,

including asthma, allergic rhinitis or food allergy [2,
8]. Clinical presentations are diverse and may vary
over time depending on age and the course of disease.
Generally, the acute phase of AD is characterized by
erythematous skin lesions and edema, whereas chronic
stage features lichenification, generalized xerosis and
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post-inflammatory hyperpigmentation. Although the
pathophysiology of AD is still not completely under-
stood, it is regarded as a complex interaction between
immune dysregulation, altered skin microbiome and
environmental factors in individuals with a positive
family history of atopy [2, 4].

Skin microbiome research has highlighted its role
in the development and exacerbation of AD. The
composition of microbial communities in AD patients
is usually characterized by loss of microbial diversity
and predominance of Staphylococcus aureus (S. aureus)
in both lesion and non-lesional skin [5]. That in turn
induces altered immune responses by maintaining
type 2 inflammation due to the elaboration of a wide
range of staphylococcal enterotoxins (SEs) and other
virulence factors by S. aureus strains [10]. Thus, these
data suggest that the disturbed microbial composition
and overgrowth of S. aureus are significantly involved
in the clinical manifestation and pathogenesis of AD
flares.

Toll-like receptors (TLRs) are the most studied
among all Pattern Recognition Receptors (PRRs),
the main function of which is to initiate innate
immune response by recognizing pathogen-
associated molecular patterns (PAMPs) of various
microorganisms on the skin surface, such as lipo-
polysaccharide of Gram-negative bacteria, pepti-
doglycan and lipoteichoic acid of Gram-positive
bacteria. TLR-mediated recognition plays an
important role in linking innate and adaptive im-
munity that ultimately leads to the production of key
cytokines, chemokines and antimicrobial peptides.
These TLRs are expressed by both immune cells and
non-immune cells, including keratinocytes. To date,
there are 10 members of the TLR family (7LRI-
TLRI10) identified in humans, which are further
divided based on their localization into extracellular
TLRs (TLRI1,TLR 2, TLR4, TLR5, TLR6, TLR10)
and intracellular TLRs (TLR3, TLR7, TLRS, TLR9)
[9, 10]. The latter recognize nucleic acids of viruses,
bacteria as well as damaged host cells. Conversely,
extracellular TLRs can detect a broad spectrum
of structures of Gram-positive bacteria and also
components of damaged host cells. In addition, TLR4
is implicated in the recognition of lipopolysaccharide
of Gram-negative bacteria. TLRS5 binds bacterial
flagellin found in many Gram-negative and Gram-
positive bacteria. TLR2 and TL R4 are known for their
ability to bind endogenous ligands such as heat shock
protein and hyaluronic acid [10, 11].

There is growing interest in research on single
nucleotide polymorphisms (SNPs) in 7LR genes
and its influence on susceptibility to inflammatory
disease. For instance, certain polymorphisms were
associated with impaired TLR2 and TLR4 function

in individuals with AD, which may contribute to the
prevalence of Th2-mediated immune responses [1, 7].

The aim of the research was to study the association
of the rs5743708 gene polymorphism in the 7LR2
gene, the rs4986791 gene polymorphism in the TLR4
gene and the rs352140 gene polymorphism in the
TLR9 gene with the risk of developing severe cases of
AD.

Materials and methods

A total of 100 patients with AD were included in
the study (38 male and 62 female). All patients were
admitted in the clinic of skin and venereal disecases
named after V.A. Rakhmanov (Sechenov University).
The age range was from 18 to 65 years old. The
diagnosis of AD was established by using Hanifin and
Rajka’s criteria [3]. All participants were divided into
2 groups according to the SCORAD index (SCORing
Atopic Dermatitis) results: moderate (n = 56) and
severe (n = 44) [6]. The control group included 72
volunteers over 18 years old without atopic dermatitis
and other allergic diseases. Peripheral blood samples
were collected into EDTA tubes (VACUETTE®
TUBE 4 ml K3E K3EDTA, Greiner Bio-One). Total
RNA was extracted using the “AmpliPRIME RIBO-
sorb” kit (Amplisens, Russia). The following markers
were analyzed by PCR-based techniques using “SYBR
Green I RT-PCR” kit (Syntol, Russia) and DT
Prime 5 Real-Time PCR device (DNA-Technology,
Russia): TLR2 r1s5743708, TLR4 1s4986791 and
TLR9 rs352140. Statistical analysis was performed by
using the y? test. Results were considered statistically
significant if a p-value was less than 0.05 (p < 0.05).

Results and discussion

Genotyping of the rs5743708 gene polymorphism
in the TLR2 and rs4986791 gene polymorphism in
the TLR4 did not reveal any statistically significant
differences in allele frequency and genotype
distribution. However, the results of our study
showed a statistically significant difference between
the moderate AD group and healthy controls in
the rs352140 gene polymorphism in the 7TLR9 gene
(Figure 1). The frequency of the GG genotype of SNP
1s352140 in TLR9 was 0.169 in the AD group versus
0.329 in the control group (p < 0.05; OR = 0.42;
95%CI1 =0.18-0.97).

Although studies focused on SNP analysis
have been of particular interest in recent decades,
the data on potential associations between TLR
polymorphisms and AD is limited to a few publica-
tions. To our knowledge, the investigated SNPs
1s5743708 in the TLR4 gene and rs4986791 in the
TLR9 gene were studied for the first time in patients
with atopic dermatitis.
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Figure 1. Distribution of TLR9 SNP rs352140 genotypes in patients with moderate atopic dermatitis compared to healthy

controls
Note. *, p < 0.05.

According to a meta-analysis conducted by
Zhang Y. et al. (2019), carriage of TLR2 SNP
1s5743708 GA genotype revealed a significantly
higher risk for developing AD in the Caucasian
race [12]. Nevertheless, the results of our study found
no difference between patients with AD and healthy
subjects.

It is notable that the scientific literature contains
scarce data related to the analysis of 7LR4 gene
polymorphisms and the susceptibility of AD. Zhao J.
et al. (2017) conducted a meta-analysis that included
more than 340 articles. It has been reported that
rs4986791 in TLR4 was significantly associated with
the risk of developing asthma [13]. However, no data
on AD was found.

According to the literature, the most common
TLR9 polymorphisms are rs5743836, rs187084,
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