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The aim of the research is to establish an association between Arg753GIn polymorphism of TLR-2 gene, Leu412Phe of TLR-
3 gene, Asp299Gly of TLR-4 gene and susceptibility to inflammatory diseases of the upper and lower respiratory tract and
the complicated forms of ARI development.

Materials and methods. 98 healthy subjects distributed according to the genotype of TLR-2, TLR-3, TLR-4 were enrolled in
the study of association between Arg753GIn polymorphism of TLR-2, Leu412Phe of TLR-3 and Asp299Gly of TLR-4 genes and
inflammatory diseases of the upper and lower respiratory tract. The polymorphic site of TLR-2 Arg753GIn, TLR-3 Leu412Phe
and TLR-4 Asp299Gly genotyping was performed by polymerase chain reaction using oligonucleotide primers. The relative risk
of the disease and complications development was estimated using the odds ratio with 95 % confidence interval. The statistical
significance of differences in qualitative characteristics was evaluated using Fischer’s exact test.

Results. It has been revealed that individuals with polymorphic TLR-2, TLR-3 and TLR-4 genes have an increased susceptibility
to ARI with frequent episodes during the year that are complicated by lower respiratory tract inflammation as well as chronic
inflammatory diseases of the upper respiratory tract. It has been shown that the risk of bronchitis and pneumonia development in
ARIs is higher in subjects with polymorphic genotypes of TLR-2, TLR-3 and TLR-4 as compared to the carriers of normal alleles
distribution: 2.9 times with Leu/Phe genotype of TLR-3, 20.0 times with Phe/Phe of TLR-3 and 12.8 times with combinations of
polymorphic genotypes of TLR-2, TLR-3, TLR-4.

Conclusions. The results of the study indicate that the presence of single-nucleotide polymorphisms TLR-2 Arg753GIn, TLR-3
Leu412Phe and TLR-4 Asp299Gly is the marker of high susceptibility to respiratory diseases. Individuals with polymorphic
status of TLR-2, TLR-3 and TLR-4 genotypes have an increased susceptibility to inflammatory diseases of the upper and
lower respiratory tract with ARI frequency of 4 or more episodes during the year.

OAHOHYKA€OTUAHI noAimopdismu TLR-2, TLR-3, TLR-4 Ta cnpUMHATAMBICTb A0 3aNaAbHUX
3axXBOPIOBaHb AMXaAbHUX LAAXIB

H. O. MpuimeHko, T. M. KoteneBcbka, . M. AybuHcbka, I. M. Kanpalwes, K. B. Mikyab

MeTa po6oTu — npocTexunTtn 38’530k noniMopdiamy Arg753GIn reHa TLR-2, Leu412Phe rena TLR-3, Asp299Gly reHa TLR-4 3i
CXUIBHICTIO A0 3ananbHUX 3aXBOPOBaHb BEPXHIX | HUKHIX AUXanbHVX LWNSXIB | PO3BUTKOM ycknagHeHux dopm PI.

Marepianu Ta metogu. 38’30k nonimopdiamy rexis Arg753GIn TLR-2, Leu412Phe TLR-3, Ta Asp299Gly TLR-4 i3 3ananbHumun
3aXBOPHOBAHHSAMM BEPXHIX | HUKHIX AUXamnbHUX LUNSXIB BUBYMIN Y 98 NpaKTUYHO 30OPOBYMX OCIO, SKMX MOAINMIN 3anexHo Bif re-
Hotuny TLR-2, TLR-3, TLR-4. leHoTunyBaHHs nonimopdpHoi AinsiHkm Arg753GIn reHa TLR-2, Asp299Gly reHa TLR-4, Leu412Phe
reHa TLR-3 3aiiicHMnm MeTogom noniMepasHoi NaHLtoroBoi peakLiii 3 BUKOPUCTaHHSIM OMifOHYKNEOTUAHWX npaimMepiB. BigHocHWiA
PU3VIK PO3BUTKY 3aXBOPIOBAHHS Ta YCKIaAHEHb OLIIHIOBANM 3@ AONOMOTOH0 NOKa3HWKa BiHOLLEHHS LIAHCIB i3 AOBIPYMM iHTEPBANIOM
95 %. CTaTMCTUYHY 3HAYYLLICTb BiAMIHHOCTEN ANS AKICHUX 03HaK OLiHIOBANN 3 BUKOPUCTaHHAM TOYHOro TecTy diluepa.

Pe3synkrati. BctaHoBmnm, Lo 0coby 3 noniMopgHo aMiHeHMm reHotunamm TLR-2, TLR-3, TLR-4 matoTb nigsuLLeHy cxunbHicTs 4o TPl
3 4aCTUMM eNi30Aamm NPOTSTOM POKY, SIKi YCKMaAHIOITLCS 3ananbHUMK MPOLIECAMM HUKHIX AnXarnbHKX LUASXIB, & TAKOX [0 XPOHIYHUX
3ananbHUX 3aXBOPIOBaHb BEPXHIX AXanbHWX LWnsxi. [oBeaeHo, LU0 pu3nk po3BUTKy GpPOHXITY Ta NHeBMOHIi npu Pl By B ocid
i3 nonimMopcpHo 3miHeHUMM reHoTunamy TLR-2, TLR-3, TLR-4 nopiBHSHO 3 HOCISIMY HOPManbHOMO PO3MOiny anenei: 3 reHoTMNoM
Leu/Phe TLR-3 -y 2,9, Phe/Phe TLR-3 -y 20,0, kombiHaisimm nonimopdHo amiHeHux reHotunis TLR-2, TLR-3, TLR-4 -y 12,8 pasa.

BucHoBku. Pesynbrati foCnimKeHHs CBig4aTh, L0 MapKepOM BUCOKOI CMPUNHATIVBOCTI 4O pecrnipaTOpHMX 3aXBOPIOBAHb €
HasiBHICTb OOHOHYKNEoTUaHNX noniMopdiamis Arg753GIn reHa TLR-2, Leud12Phe reHa TLR-3, Asp299Gly reHa TLR-4. Ocotu
3 noniMopcdHO 3MiHeHUMK reHotunamm TLR-2, TLR-3, TLR-4 MatoTb nigBULLEHY CXWIbHICTb A0 3ananbHWUX 3aXBOPHOBaHb
BEPXHIX i HYXKHIX AuxanbHuX wnsxis, [Pl 3 YacToToro enisoais 4 i GinbLue NpoTsAroM poky.

OAHOHYKAeOTUAHBbIE noAumopdusmbl TLR-2, TLR-3, TLR-4 U BoCNIPpUUMUMBOCTD
K BOCMAAUTEAbHbIM 3a60AeBaHMAM AbIXaTE€AbHbIX NyTEH

H. O. MpuitmeHko, T. M. KoteaeBckas, I. M. AybuHckas, WU. M. Kanpawes, E. B. M1kyab

Lienb pabotki = npocneaunTs cBa3b nonumopdmama Arg753GIn reHa TLR-2, Leud12Phe reHa TLR-3, Asp299Gly reHa TLR-4 co
CKIMOHHOCTb0 K BOCNIAnMUTENbHbIM 3360neBaHNsIM BEPXHIX W HUKHUX [blXaTembHbIX NyTel U pa3BUTUEM OCNIOXHEHHbIX hopm OPW.

Marepuansi u metogbl. Cessb nonuMopduama reHoB Arg753GIn TLR-2, Leu412Phe TLR-3, n Asp299Gly TLR-4 ¢ Bocnanu-
TeNbHbIMM 3260MEBaHNAMU BEPXHIX W HWXKHUX AblXaTenbHbIX NyTen u3yumnu y 98 npakTiiecku 3nopoBbIX ML, KOTopble Bbinu
pacnpeneneHbl B 3aBUCUMOCTM OT reHotuna TLR-2, TLR-3, TLR-4. leHoTvnupoBaHve nonumopdHoro yyactka Arg753GIn reHa
TLR-2,Asp299Gly reHa TLR-4, Leu412Phe reHa TLR-3 npoBogunn METoA0M nonvMMepasHoi LEMHOM peakLm ¢ UCMomnb30BaHUEM
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ONTMrOHYKNEeOTUAHbIX npal?lmepos. OTHOCMTENBHBIN PUCK pa3BnTnA 3aboneBaHmst 1 OCMIOXXHEHWI OLEHMBAMNM C MOMOLLbIO MOKa-
3aTens OTHOLUEHMS LUAHCOB C JOBEpUTENbHLIM UHTEPBANOM 95 %. CTaTI/ICTVI‘-ieCKyIO 3HAYMMOCTb PA3NUYNIA AN KAYECTBEHHbIX
NPU3HaKOB OLeHNBanu ¢ UCnosb3oBaHMeM TO4YHOro TecTa d>|/1Luepa.

Pesynkrathbl. YCTaHOBMEHO, YTO N1LA C NONMMOPMHO M3MeHeHHbIMU reHoTunamm TLR-2, TLR-3, TLR-4 nmeloT noBbILLEHHYIO
CKNoHHocTb k OPW ¢ YacTbiMu anu3ogamu B TedeHue rofa, KoTopble OCIOXHSIOTCA BOCMANUTENbHBIMU MPOLIECCAMW HUKHIX
AbIxaTerbHbIX NYTeNn, a Takke K XPOHUYECKUM BOCNANUTENbHLIM 3ab0MeBaHNAM BepXHUX AbixaTenbHbIX nyTen. [lokasaHo, 4To
pyck pa3euTKst GpoHxmMTa 1 NHeBMOHUM Npy OPY BbiLe y nnL, ¢ NonMMopdHO namMeHeHHbIMU reHotunamn TLR-2, TLR-3, TLR-4
MO CPaBHEHWIO C HOCUTENSIMU HOPMarbHOTO pacnpeaenenus annenen: ¢ reHotunom Leu/Phe TLR-3 - B 2,9, Phe/Phe TLR-3 - B
20,0, koMBMHALMAMY NONMMOPMHO M3MeHEHHbIX reHoTunos TLR-2, TLR-3, TLR-4 - B 12,8 pasa.

BbiBoab!. Pesyntathl UccneqoBaHUs CBUAETENLCTBYIOT, YTO MapKepoM BbICOKOW BOCTIPUUMHYMBOCTY K pECI1paTopHbIM 3abore-
BaHWSIM SBMSIETCS HANM4Yme OaHOHYKNeoTuaHbIX nonumopdmamos Arg753GIn reHa TLR-2, Leud412Phe reHa TLR-3, Asp299Gly
reHa TLR-4. Jlnua ¢ nonmoppHO n3meHeHHbIMKM reHoTunamu TLR-2, TLR-3, TLR-4 MMetoT NoBbILLEHHYO CKIIOHHOCTb K BOC-
nanuTenbHbIM 3a60MeBaHNAM BEPXHIX N HUXHUX AblxaTenbHblx nyTer, OPY ¢ yacToToi anu3onoB 4 1 Gonee B Te4eHre roga.

Introduction

Acute respiratory infections (ARIs) are the most common
infectious diseases affecting all age groups. 10-14 million
people in Ukraine suffer from ARIs every year, which ac-
counts for 25-30 % of overall morbidity and about 75-90 %
of infectious diseases incidence in the country. According to
the WHO experts report, ARIs rank first among the causes
of temporary disability and third among the main causes
of death, yielding only to coronary heart disease and cere-
brovascular pathology. It is also noted that this group of
diseases is constantly replenished by new representatives
and a negative tendency of ARIs pathomorphism to the pro-
tracted course and the complicated forms development [1]
are observed.

Therefore, understanding the mechanisms of the respi-
ratory tract nonspecific protection from infectious agents be-
comes of particular relevance. The variety and abundance
of infectious pathogens, contacted by the respiratory tract
mucous membrane involve the existence of complex mul-
tifactorial induction of the respiratory tract local protection.
According to modern concepts, Toll-like receptors (TLRs)
are the central link of the multi-level system for recognition of
pathogen-associated molecular structures, whose activation
when the respiratory tract is infected leads to the expression
of genes involved in the inflammatory process regulation,
the innate mechanisms of protection against infectious
agents and acquired immunity.

Respiratory tract epitheliocytes express all known
TLRs, most intensively TLR-2, TLR-3, and TLR-4 [2]. The
ability of these TLRs to recognize a wide range of ligands
(gram-positive and gram-negative bacteria, viral structural
proteins) indicates their key role in the pathogenesis of
respiratory diseases of both viral and bacterial etiology.

In recent years, more and more information has been
collected about TLR dysfunction. One of such dysfunctions
causes may be the substitution in genomic DNA (single nu-
cleotide polymorphism), which leads to changes in the TLR
structure, thus disrupting the pathogens recognition and
congenital immunity system function and as a result — pre-
disposition to a variety of diseases, as well as the severity
of their course [3].

At present, it has been found that Asp299Gly polymor-
phism of TLR-4 gene is closely linked to the development
of sexually transmitted bacterial infections [4], respiratory
syncytial infection in infants and newborns [5], sepsis
induced by gram-negative bacteria [6]. Arg753GIn poly-
morphism of TLR-2 gene is associated with increased
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susceptibility to tuberculosis [7], staphylococcal infections
[8]. The variant of Leu412Rhe polymorphism of TLR-3 gene
is associated with the development of subacute sclerosing
panencephalitis with the cortex affection [9], myocarditis
and dilated cardiomyopathy in case of enterovirus infection
[10], the severe and complicated course of influenza and
influenza-associated pneumonia [11].

Thus, the data of scientific literature indicate that sus-
ceptibility to infectious agents is genetically determined, and
the association study between Arg753GIn polymorphism of
TLR-2, Leu412Phe of TLT-3 and Asp299Gly of TLR-4 genes
and susceptibility to inflammatory diseases of the upper and
lower respiratory tract and complicated forms of ARI deve-
lopment is an urgent and challenging task, which became
the subject of our study.

The aim

The aim of the research is to establish an association be-
tween Arg753GIn polymorphism of TLR-2, Leu412Phe of
TLR-3 and Asp299Gly of TLR-4 genes and susceptibility to
inflammatory diseases of the upper and lower respiratory
tract and the complicated forms of ARI development.

Materials and methods

The study of association between Arg753GIn of TLR-2,
Leud12Phe of TLR-3 and Asp299Gly of TLR-4 genes
polymorphism and inflammatory diseases of the upper and
lower respiratory tract included 98 subjects (women — 55
(56.1 %), men — 43 (43.9 %) aged from 18 to 59 (average
age —32.47 £ 1.25) who did not have generally recognized
risk factors for influenza and other acute respiratory infec-
tions (pregnancy, obesity, diabetes mellitus, immunosup-
pressive disorders, chronic diseases of the lungs, heart,
kidneys, liver, etc.). By polymorphic variants of TLR genes
they were distributed as follows: Leu/Phe of TLR — 34, Phe/
Phe of TLR-3 - 11, Arg/GIn of TLR-2 — 5, Asp/Gly of TLR-4
—4, combinations of polymorphic genotypes in the studied
TLRs — 8. The results were compared with the data of
gender- and age-matched 36 individuals with normal dis-
tribution of TLR-2, TLR-3 and TLR-4 genes.

Genotyping of the polymorphic sites of TLR-2 Arg-
753GIn, TLR-3 Leu412Phe and TLR-4 Asp299Gly was
carried out at the Research Institute of Genetic and Im-
munological Foundations of Pathology and Pharmacoge-
netics of “Ukrainian Medical Stomatological Academy” by
polymerase chain reaction using oligonucleotide primers.
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Fig. 1. Frequency of acute respiratory infections episodes during a year in people with polymorphic
variants of genotypes and normal distribution of TLR-2, TLR-3 and TLR-4 alleles.

*: P < 0.05 in comparison to those with normal distribution of TLR-2, TLR-3, TLR-4 alleles
(the significance level was obtained by Fischer’s exact test).

The amplification was performed using the Tertsik amplifier
(“DNK-Tekhnologiya”, Russia).

The material for the research comprised the outpatient
medical records and case histories. The frequency of acute
respiratory infections and inflammatory diseases of the up-
per and lower respiratory tract during the year, the severity
of their course and the complications development were
particularly detailed.

The statistical analysis of data was carried out using
the method of variation statistics using the computer soft-
ware Microsoft Office Excel 2010 and Statistica 7.0. The
relative risk of the disease and complications development
was estimated using the odds ratio OR. The indicator
OR =1 was considered as the lack of association; OR >1
— as a positive association (“predisposition”), OR <1 -as a
negative association of allele or genotype with the disease.
For the analysis of qualitative parameters correlations
the Pearson’s contingency ratio was determined. The statis-
tical significance of differences in qualitative characteristics
was evaluated using Fischer’s exact test. The differences
were considered significant for all types of analysis with
the error probability, generally accepted in medical and
biological studies — P < 0.05.

Results and discussion

According to the study results, individuals with polymorphic
genotypes in TLR-2, TLR-3 and TLR-4 showed a high sus-
ceptibility to ARIs with frequent episodes during the year
which were complicated by inflammatory processes of
the lower respiratory tract (LRT), as well as chronic inflam-
matory diseases of the upper respiratory tract.

Thus, it was found that sustained ARI were more often
in people with TLR-3 Leu/Phe (91.2 %), TLR-3 Phe/Phe
(100.0 %) genotypes and combinations of TLR-2, TLR-3 and
TLR-4 (100.0 %) genes polymorphic variants as compared
with carriers of normal TLR genotypes (69.4 %, P < 0.03,
P <0.04, P <0.05, respectively).

In these categories of people the percentage of those
suffered from ARI 4 or more times a year was also sig-
nificantly higher: 4.6 times with TLR-3 Leu/Phe (38.2 %,
P < 0.003), 8.7 times with TLR-3 Phe/Phe (72.7 %,
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P < 0.00006) genotypes, 7.8 times with combinations of
polymorphic variants of TLR-2, TLR-3 and TLR-4 genes
(62.5 %, P < 0.002) (in the normal alleles of TLR genes
distribution — 8.0 %) (Fig. 1).

It should be noted that one third (30.6 %) of the subjects
with normal distribution of TLR gene alleles suffered from
ARl infrequently — once every 2 years or less, which was
practically not observed in individuals with polymorphic
variants of TLR-2, TLR-3 and TLR-4 genes (in TLR-3 Leu/
Phe - 8.8 %, P < 0.03, TLR-3 Phe/Phe - 0.0 %, P < 0.04).

In patients with TLR-2, TLR-3 and TLR-4 polymorphic
variants of genotypes complications of respiratory tract
infections were found in 42 out of 62 cases (67.7 %) (with
normal distribution of TLR alleles in 12 out of 34 (35.3 %,
P < 0.001), in particular: at genotype TLR-3 Leu/Phe - in
21 (61.8 %, P < 0.05), TLR-3 Phe/Phe - in 10 (90.9 %,
P < 0.001), TLR-4 Asp/Gly - in 4 (100.0 %, P < 0.02) and
combination s of mutations in TLR-2, TLR-3 and TLR-4
genes -in 7 (87.5 %, P < 0.01). Bronchitis and pneumonia
were prevalent among the complications of the LRT lesions.

Thus, the development of bronchitis against the back-
ground of ARI was observed in 64.5 % (P < 0.03) of sub-
jects with TLR-3 Leu/Phe genotype, in 81.8 % (P < 0.01)
with TLR-3 Phe/Phe, in 75.0 % (P < 0.05) with TLR-4 Asp/
Gly, in 87.5 % (P < 0.01) with variant genotypes of TLR-2,
TLR-3 and TLR-4 combined (with normal distribution of
TLR alleles in 32.0 %); pneumonia —in 23.5 % (P < 0.04) of
people with TLR-3 Leu/Phe genotype, in 45.5 % (P <0.01)
with TLR-3 Phe/Phe and in 50.0 % (P < 0.02) with variant
genotypes of TLR-2, TLR-3 and TLR-4 combined (with
normal distribution of TLR alleles in 8.0 %). The obtained
results were confirmed by the calculated odds ratio ac-
cording to which individuals with polymorphic variants of
TLR-2, TLR-3 and TLR-4 genotypes had an increased risk
of the LRT inflammatory processes development in ARI:
2.9 times with TLR-3 Leu/Phe genotype (OR =2.9; 95 %
Cl: 1.1-7.94), 20.0 times with TLR-3 Phe/Phe (OR = 20,
95 % CI: 2.29-175.05), 12.8 times with variant genotypes
of TLR-2, TLR-3 and TLR-4 combined (OR = 12.8; 95 % CI:
1.41-117.01) as compared to carriers of normal distribution
of TLR genes alleles.

In addition, it turned out that people with TLR-2, TLR-3
and TLR-4 genes polymorphism were more likely to suffer
from inflammatory diseases of the LRT that were not as-
sociated with respiratory viral infection. Thus, according
to anamnesis and outpatient medical records, bronchitis
affected 32.4 % of subjects with TLR-3 Leu/Phe genotype;
45.5 % with TLR-3 Phe/Phe; 62.5 % with combinations of
TLR-2, TLR-3 and TLR-4 polymorphism (with normal dis-
tribution of TLR genes alleles in 11.1 %, P <0.04, P < 0.02,
P < 0.03, respectively); pneumonia — 27.3 % with TLR-3
Phe/Phe, 37.5 % with combinations of TLR-2, TLR-3 and
TLR-4 polymorphism (with normal distribution of TLR genes
alleles in 2.8 %, P < 0.03).

Chronic inflammatory diseases of the upper respiratory
tract were also more likely to occur in people with TLR-2,
TLR-3 and TLR-4 genes polymorphism and were mainly
represented by tonsillitis and sinusitis and partially by
pharyngitis (Fig. 2).

As can be seen from Fig. 2, tonsillitis was 2.3 times
(44.1 %, P < 0.03) more likely to be diagnosed in carriers
of TLR-3 Leu/Phe genotype in comparison to those with
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normal distribution of TLR gene alleles (19.4 %), 2.8 times
(54.4 %, P < 0.04) in TLR-3 Phe/Phe, 4,1 times (80.0 %,
P <0.01) in TLR-2 Arg/Gln, 3.9 times (75.0 %, P < 0.04)
in TLR-4 Asp/Gly and 3.2 times (62.5 %, P < 0.02) in
combinations of TLR-2, TLR-3 and TLR-4 polymorphism.
Sinusitis was more likely to be observed in individuals with
combinations of TLR-2, TLR-3 and TLR-4 polymorphism
(37.5 %) (with normal distribution of TLR gene alleles
5.6 %, P < 0.03).

Consequently, the analysis showed that individuals with
polymorphic variants of TLR-2, TLR-3 and TLR-4 genotypes
have an increased susceptibility to inflammatory diseases
of the upper and lower respiratory tract with ARI frequency
of 4 episodes or more during the year, which are consis-
tently complicated by inflammatory processes of LRT. The
obtained data were confirmed by the results of correlation
analysis, due to which we detected the significant direct
correlations between the polymorphic genotypes Leu/Phe
and Phe/Phe of TLR-3 and their combinations with Arg/
GIn of TLR-2 and Asp/Gly of TLR-4 and ARI (¢ = 0.371,
P <0.05, ¢ =0.305, P <0.05, ¢ =0.332, P < 0.05 respec-
tively) with frequent (more than 4 times a year) episodes
throughout the year (¢ = 0.390, P < 0.05, ¢ = 0.536,
P <0.01, ¢ = 0.508, P < 0.05 respectively), complicated
course of LRT inflammatory processes (¢ = 0.384, P < 0.05,
¢=0.478,P<0.01, ¢ =0.421, P < 0.01 respectively), ton-
sillitis (¢ = 0.570, P < 0.05, ¢ = 0.654, P < 0.05, ¢ = 0.654,
P < 0.05 respectively), bronchitis (¢ = 0.383, P < 0.05,
¢ = 0525, P <0.05 ¢ =0.531, P < 0.05, respectively),
pneumonia (¢ = 0.356, P < 0.05, ¢ = 0.547, P < 0.05,
¢ =0.499, P < 0.05, respectively).

Thus, our findings showed that polymorphisms Arg-
753GIn of TLR-2, Leu412Phe of TLR-3 and Asp299Gly
of TLR-4 genes are associated with increased suscep-
tibility to inflammatory diseases of the upper and lower
respiratory tract and ARI with 4 or more episodes during
the year. The obtained data agree with the results of other
studies that indicate the key role of TLR-2, TLR-3 and
TLR-4 in the pathogenesis of ARI and their complications,
since these receptors recognize viral structural proteins,
gram-positive and gram-negative bacterial ligands (TLR-
2 and TLR-4), dsRNA - RNA replication and transcription
product and DNA-genomic viruses (TLR-3) [12,13]. Fur-
thermore, nowadays it is determined that one of the main
causes influencing changes in the immune response of
TLR in infectious pathology is the polymorphism of single
nucleotides, which makes an important contribution to
the individual peculiarities of protective reactions develop-
ment, as well as susceptibility to a variety of diseases by
forming alleles-specific gene [14,15]. It has been shown
that these genetic defects lead to inadequate functions of
TLR accompanied by disruption of nuclear transduction
(NF-kB) and discoordinated synthesis of proinflammatory
and anti-inflammatory cytokines, including those that
are essential to the development of IL-1B inflammation
[16]. The study of Russian scientists has established
the association of the mutant 299Gly allele with high
susceptibility of children to respiratory viral infections.
Increases in IL-10 and IL-1RA (IL-18 receptor antagonist)
and lower production of immunoglobulins (IgA, slgA, IgM,
IgG) were detected in carriers of mutant genotypes TLR-
4 (Asp299Gly, Gly299Gly), as compared to those with
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Fig. 2. Frequency of chronic upper respiratory tract pathology in people with polymorphic genotypes

and normal distribution of TLR-2, TLR-3 and TLR-4 alleles.

* P < 0.05 as compared to those with normal distribution of TLR-2, TLR-3 and TLR-4 alleles

(the significance level was obtained by Fischer’s exact test).

normal allele distribution. IL-10 and IL-1RA cytokines are
known to induce an immunosuppressive effect by inhibiting
the Th1-cell response and, as a consequence, disrupting
the adaptive immune response and synthesis of immu-
noglobulins. The obtained results indicate the genetically
determined restriction of antibodies response in carriers
of the Asp299Gly polymorphism of TLR-4 gene as one of
the possible causes of anti-infective protection deficiency
in children who frequently catch a cold [17].

Anumber of scientific studies link the Arg753GIn poly-
morphism of TLR-2 with viral infections. An association has
been established between the Arg/Arg homozygous geno-
types carriage and CMV-infection development in patients
after liver transplantation. Another study indicates a linkage
between the mutant Arg/Arg genotype and development of
graft failure after liver transplantation in patients with chronic
hepatitis C, which caused the death of all TLR-2 mutation
carriers [18,19]. The participation of TLR-2 in the immuno-
pathogenesis of HCV infection has been proven in studies
conducted in vitro using cells that contain the Arg753GIn
mutation of TLR-2 gene, which showed the inability to re-
cognize the nuclear and NS3 proteins of HCV. As a resullt,
the antiviral immune response has been disrupted [20].

Another study found that blood cells collected from
carriers of the TLR-2 gene Arg753GIn polymorphism had
significantly lower TNF-a and IFN-g production in response
to B. burgdorferi lysate as compared to samples with no
mutation [21].

The study of Leu412Phe polymorphism functional
significance was performed in several in-vitro studies using
cells that contain mutations in TLR-3 gene and WT (wild-
type) by analyzing the interferon-induced response. The
experiments showed that Leu412Phe cells reduced NF-kB
and IFN-a signaling by 30 % as compared to WT cells in
response to polyinosinic-polycytidylic acid [poly(l:C)] stimu-
lation [10]. The obtained data allowed scientists to assume
that the polymorphism Leu412Phe of TLR-3 gene has a
definite influence on the course of the infectious process.

Today, the association of SNP Leu412Phe of TLR-3 with
the development of subacute sclerosing panencephalitis
in measles, myocarditis and dilated cardiomyopathy has
been proven in enterovirus infection [10]. Thus, in the exa-

combinations
of polymorphic
modified genotypes
of TLR-2,
TLR-3,TLR-4
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mined patients with enterovirus infection and diagnosed
with polymorphism Leu412Phe of TLR-3, the researchers
recorded significantly lower levels of INF-a and higher
viral load as compared to those who had no mutations in
TLR-3 gene. Uncontrolled viral replication led to altered
expression of proinflammatory cytokines and chemokines,
and their damaging effects on the heart. The findings
of Chinese scientists revealed the association between
the carriage of Leu412Phe missense mutation in the TLR-
3 gene and the severe course of atypical pneumonia with
coronavirus-induced ARDS development [22]. In the study,
conducted by A. Nahum et al. [23] using mononuclear cells
and fibroblasts derived from TLR-3 Leu412Phe mutation
carriers, significantly lower levels of IFN-y, IFN-A, IFN-B
and TNF-a in response to stimulation by Candida Albicans
ligands, CMV and synthetic analog of dSRNA poly (I:C) were
found compared with cells that had a normal genotype. The
identified immune response alterations in the TLR-3 gene
polymorphism allowed the scientists to explain the suscep-
tibility to the chronic course of candidiasis and recurrent
viral infections.

Consequently, active research of genetic variability of
TLR in the last decade shows that polymorphism of single
nucleotides makes an important contribution to the indivi-
dual peculiarities of the protective reactions development,
as well as susceptibility to a variety of diseases by specific
gene alleles variations.

Conclusions

1. It has been established that the presence of
single-nucleotide polymorphisms Arg753GIn of TLR-2,
Leu412Phe of TLR-3 and Asp299Gly of TLR-4 genes is
the marker of high susceptibility to respiratory diseases.

2. Individuals with polymorphic status of TLR-2 (Arg/
GIn), TLR-3 (Leu/Phe and Phe/Phe) and TLR-4 (Asp/Gly)
display high susceptibility to inflammatory diseases of
the upper and lower respiratory tract with ARI frequency of
4 or more episodes during the year.

3. The risk of bronchitis and pneumonia development
in patients with ARIs was higher in subjects with poly-
morphic status of TLR-2, TLR-3 and TLR-4 genotypes as
compared with carriers of normal distribution of alleles: 2.9
times (P < 0.05) with TLR-3 Leu/Phe genotype, 20.0 times
(P <0.001) with TLR-3 Phe/Phe, 12.8 times (P < 0.01) with
combinations of TLR-2, TLR-3 and TLR-4 polymorphic
genotypes.

Prospects for further research. The results of
the conducted analysis indicated the presence of in-
creased susceptibility to ARI complicated by inflammatory
processes of the LRT in persons with TLR-2, TLR-3 and
TLR-4 polymorphic genotypes. In our previous study we
found the association between TLR-2 Arg753GIn, TLR-3
Leu412Phe and TLR-4 Asp299Gly genes polymorphisms
and severe influenza and influenza-associated pneumonia
with the development of acute respiratory distress syndrome
and multiple organ failure [11]. The obtained data allows us
to classify individuals with Arg753Gln of TLR-2, Leu412Phe
of TLR-3 and Asp299Cly of TLR-4 genes polymorphism as
a high risk group for influenza-associated complications
development, which requires their specific prophylaxis
necessity. Since it is known that genetic variability of TLR

by influencing the recognition of PAMP is able to change
the immune response to both infection and vaccination,
and data on the efficacy of specific influenza prevention
in individuals with polymorphic genotypes is rather limited,
this needs to study the issue further.
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