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Тhe study of single-nucleotide polymorphisms of Toll-like receptors has an important applied and theoretical value for 
revealing the mechanisms in formation of immunity features and its correction. The aim of the research was to study the 
available frequency of polymorphic variants of the TLR2 gene (rs5743708) and 896A/G (rs4986790), 1196C/T 
(rs4986791) of the TLR4 gene, and to assess the association with the health status of apparently healthy individuals. 
Materials and methods: the study involved 114 Caucasian individuals living in Poltava or Poltava oblast for a minimum of 
2 years, who underwent the collection of anamnestic data, as well as the data of objective and clinical examinations. The 
polymorphic sites of the TLR2 (rs5743708) and TLR4 genes (rs4986790, rs4986791) were determined by polymerase 
chain reaction (PCR) followed by analysis of the restriction fragments length of the PCR products. The results of 
distribution of polymorphic variants 2258G/A in the genotypes of the TLR2 gene (rs5743708), 896A/G of the TLR4 gene 
(rs4986790), and 1196C/T of the TLR4 gene (rs4986791) corresponded to the theoretically expected ones at the Hardy-
Weinberg equilibrium (χ2 = 0.02, р = 0.99; χ2 = 0.29, р = 0.86; χ2 = 1.46, р = 0.48, respectively). When comparing the 
presence of individual clinical manifestations that were detected during the interviewing, with the presence of 
polymorphic alleles in the genotype, a reliable relationship was established between the presence of the A allele in the 
polymorphic version of the TLR2 gene (rs5743708) in the genotype with rheumatism (p = 0.05), pyelonephritis (p = 
0.05) and a bad habit of smoking (p = 0.04). 
Key words: TLR, single nucleotide polymorphism, genotype, ligand, state of health 

 

Toll-like receptors (TLRs) belong to the class of 
transmembrane single-chain signal receptor proteins that 
recognize foreign evolutionarily conservative molecular 
structures of pathogens, known as pathogen-associated 
molecular structures and trigger the cascade of sequen-
tial reactions of congenital and antigen-specific adaptive 
immunity through signaling pathways (MyD88-dependent 
and TRIF-dependent), resulting in the expression of 
genes of proinflammatory cytokines and modulation of 
the inflammatory response of the body [1]. 

A large number of research publications covering the 
problem of recognizing foreign pathogens prove the lead-
ing role of TLRs in this issue, but sometimes contain con-
troversial data regarding the influence of polymorphic 
variants of genes encoding these receptors on the rec-
ognition of the corresponding ligands and the intensity of 
the immune response [2]. Genetic variability of TLRs can 
determine the differences in the susceptibility of organ-
isms to bacteria and viruses, the intensity of the inflam-
matory process [3]. 

The results of studies, conducted by a group of re-
searchers, confirmed the role of polymorphic variants of 
the TLR2 and TLR4 genes in the sensitivity to infections 
and aggravated course of such diseases as atopic der-
matitis with a predisposition to frequent acute respiratory 
viral infections [4], atopic bronchial asthma [5], urogenital 
diseases [6], atherosclerosis [7]. 

At the same time, the association between the pres-
ence of polymorphic alleles in 2258A genotype of the 
TLR2 gene and 896G of the TLR4 gene with the devel-
opment of allergic rhinitis has not been established [8]. 

Functional polymorphism of the TLR genes, associ-
ated with replacement of single nucleotides (single nu-
cleotide polymorphism – SNP). The TLR2 gene is local-
ized on the long shoulder of the 4th chromosome (4q32). 
In the allelic variant of rs5743708 (2258G/A) of the TLR2 
gene, there is a replacement of arginine (Arg) with gluta-
mine (Gln) at position 753 of the polypeptide chain. This 
leads to confirmatory changes in the TIR domain (the in-

tracellular part of the receptor), resulting in the loss of the 
ability to bind intracellular adapter molecules to this do-
main, the transmission of signal from the receptor is dis-
rupted, the synthesis of proinflammatory cytokines and 
the susceptibility to pathogens of infectious diseases are 
increased [9, 10]. 

The TLR4 gene is localized on the short shoulder of 
the 9th chromosome (9q33.1). The most studied are two 
non-synonymic allelic variants of the TLR4 gene, local-
ized in the extracellular domain of the receptor: 
rs4986790 (896A/G), which causes the aspartic acid to 
be replaced with glycine in exon 3 at position 299 of the 
polypeptide chain and rs4986791 (1196C/T), the re-
placement of tyrosine with isoleucine in position 399. 
These SNP result in the disruption of the receptor inter-
action with ligands, which leads to the reduction of the 
immune response [10, 11]. 

The aim of the present research was to study the 
available frequency of polymorphic variants 2258G/A of 
the TLR2 gene (rs5743708) 896A/G (rs4986790), and 
1196C/T (rs4986791) of the TLR4 gene, and to assess 
the association with the health status of apparently 
healthy individuals. 

This study was conducted in accordance with the plan 
of research work of Higher State Educational Establish-
ment of Ukraine «Ukrainian Medical Stomatological 
Academy» «Determining the role of polymorphism of Toll-
like receptors in the mechanisms of development of im-
mune-mediated diseases», the state registration number 
0109U001629. 

Materials and methods of research 
The formed group consisted of 114 Caucasian men 

who had lived in Poltava or Poltava oblast for at least 2 
years: 25 (21.9%) people indicated their place of birth in 
Poltava or Poltava oblast, 83 (72.8%) individuals were 
born in other regions of Ukraine and 6 (5.3%) respon-
dents were born in another country, although they live 
permanently in the territory of Ukraine. The group was 
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balanced by age and gender: males – 51 (44.7%), fe-
males – 63 (55.3%). The average age of the subjects 
was 22.56±9.58 years. 

Collection of anamnestic data, as well as clinical data 
at the time of examination and objective data on the part 
of various organs and systems, was conducted at the 
Department of Internal Medicine No. 3 with Phthisiology. 
The received data was entered into the observation card 
of the participant of the study, which was originally devel-
oped by the staff of the Department of Clinical Immunol-
ogy and Allergology of Danylo Halytskyi National Medical 
University of Lviv. 

Determining the polymorphic sites of genes was car-
ried out on the basis of the Research Institute of Genetic 
and Immunological Foundations of the Development of 
Pathology and Pharmacogenetics of Higher State Educa-
tional Establishment of Ukraine «Ukrainian Medical 
Stomatological Academy». 

All studies were conducted with the permission of the 
Ethics and Bioethics Committee; before the study, all 
volunteers signed a written consent to participate in the 
scientific experiment. 

The capillary blood was the material for the study. 
The isolation of genomic DNA from blood lymphocytes 
was carried out using the DNA-Express test system in 
accordance with the recommendations of the manufac-
turer (NPF “Litech”, Russia). 

Identifying the alleles of polymorphic sites of TLR2 
(rs5743708) and TLR4 gene (rs4986790, rs4986791) 
was carried out by polymerase chain reaction (PCR) fol-
lowed by analysis of restriction fragment length of PCR 
products. The sequence of specific oligonucleotide prim-
ers which are synthesized NGO "SybEnzym" (Russia), 
temperature settings accession primers, restriction en-
donuclease (Scientific and Production Association “Si-
bEnzim”, Russia) taken from the scientific literature [12, 
13]. 

The statistical analysis of the data was performed on 
a personal computer using the STATISTICA for Windows 
6.0 (StatSoft Inc., USA) and MS Excel spreadsheets. The 
genotypic distribution of the studied polymorphic loci was 
checked for compliance with the Hardy-Weinberg equa-
tion (PCV) using the χ2 criterion for degrees of freedom 
equal to 2 (df = 2). The exact two-sided Fischer criterion 
(for small groups) was used to assess the validity of the 
differences between the groups. Statistically significant 
differences were considered at p <0.05. 

Results and discussion 
We analyzed the data obtained through interviews 

and standard examination. 
It was revealed that 7 (6.1%) respondents previously 

lived in the polluted area due to Chernobyl accident, and 
5 (4.4%) had parents from the area of Chernobyl nuclear 
power plant. Furthermore, 7 (6.1%) people indicated al-
cohol abuse and 33 of them (28.9%) were smokers. 

In the collection of anamnesis, a complicated heredity 
with endocrine diseases was detected in 12 (10.5%) 
people, with allergic diseases in 12 (10.5%) people, in 6 
(5.3%) respondents the immediate family had oncological 
disease in the anamnesis, 2 (1.8%) respondents indi-
cated the presence of neurological pathology in their par-
ents, the presence of diffuse connective tissue diseases 

– 1 (0.9%) person. 81 (71.0%) people reported no heredi-
tary predisposition to various diseases. 

According to the maternal line, we detected such dis-
eases as hypertension and varix dilatation of the lower 
limbs (indicated by 1 person), Parkinson's disease (indi-
cated by 1 person), thyroid disease (indicated by 1 per-
son), stroke (indicated by 1 person), tuberculosis (indi-
cated 1 person), bronchial asthma (indicated by 1 per-
son), oncological diseases (indicated by 1 person). Ac-
cording to the paternal line, we detected: hypertension 
(indicated by 5 people), varix dilatation of the lower limbs 
(indicated by 1 person), diabetes mellitus (indicated by 3 
respondents), Botkin's disease (indicated by 2 people), 
cancer (indicated by 4 respondents), tuberculosis (indi-
cated by 2 people), ectodermal dysplasia (indicated by 1 
person). 

The data of the epidemiological history indicate the 
incidence of acute respiratory diseases: once a year – 29 
(25.4%) of the examined respondents, twice a year – 33 
(28.9%) of respondents, from 3 to 5 times a year – 13 
(11.4%) people and more than 5 times a year – only 2 
respondents (1.8%). 

Among the infections that had been transmitted ear-
lier, chicken pox was prevalent – 64 (56.1%) respon-
dents, rubella – 29 (25.4%), herpes infections – 12 
(10.5%), measles and infections of the gastrointestinal 
tract – 10 (8.8%), as well as 8 (7.0%) people with past 
cutaneous fungal infections, 7 (6.1%) people reported 
having had a history of pertussis and parotitis, 3 (2.6%) 
respondents – infectious hepatitis and bacterial skin in-
fections, 2 (1.8%) – scarlet fever, rheumatism, urogenital 
infections and genital herpes, in addition, diphtheria, po-
liomyelitis, infectious mononucleosis, tuberculosis and 
neuroinfections were reported by 1 (0.9%) person each. 

The structure of diseases of the skin and mucous 
membranes in this group was represented by hives – 6 
(5.3%) of all interviewed individual, 4 (3.5%) respondents 
– with dermatitis, 9 (7.9%) – with hyperpigmentation and 
purpura – 1 (0.9%) person. 

Among the diseases of the urinary system there were 
cystitis – 9 (7.9%), enuresis and pyelonephritis – 2 
(1.8%) respondents. 

One of the promising directions for studying the ge-
netic predisposition to the development and / or charac-
teristics of the course of immunoregulatory diseases is 
the establishment of allelic variants of the genes of the 
innate immune receptors, since the search for genetic 
markers is the basis of personalized medicine, which al-
lows predicting the susceptibility to disease, its course, 
as well as the development of individual preventive and 
therapeutic measures based on the use of immunomodu-
lators – agonists or antagonists of TLRs. 

The next step in our research was to study the fre-
quency of occurrence and compliance in distribution of 
the genotypes of the 2258G/A polymorphic variants of 
the TLR2 (rs5743708) and 896A/G (rs4986790), 1196C/T 
(rs4986791) of the TLR4 gene with the Hardy-Weinberg 
equation in the study group. 

Table 1 presents the inter-group analysis of the distri-
bution of genotypes and alleles of the polymorphic vari-
ants 2258G/A TLR2 (rs5743708) and 896A/G 
(rs4986790), 1196C/T (rs4986791) of the TLR4 gene. 
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Table 1 
The inter-group analysis of the frequency distribution of genotypes and alleles of the polymorphic variants 2258G/A gene of TLR2 

(rs5743708) and 896A/G (rs4986790), 1196C/T (rs4986791) of the TLR4 gene 

Genotypes distribution  

Comparison  
of observed frequen-

cies of genotypes 
with the expected 

ones  (df = 2)  
Genotypes  

observed 
 (n = 114) expected χ2 р 

Coefficient of 
population 

inbreeding, F 

Adequate 
consideration 
of rare alleles, 

μ 

Part rare 
alleles, h 

The 2258G/A polymorphism of the TLR2 gene 
GG 
GA 
AA 

111 (97.37) 
3 (2.63) 

- 

111.05 
2.93 
0.02 

0.02 0.99 -0.01 1.23 0.39 

The 896A/G polymorphism of the TLR4 gene 
АА 
АG 
GG 

103 (90.35) 
11 (9.65) 

- 

103.32 
10.42 
0.26 

0.29 0.86 -0.05 1.43 0.29 

The 1196C/T polymorphism of the TLR4 gene 
СС 
СТ 
ТТ 

103 (90.35) 
10 (8.77) 
1 (0.88) 

102.26 
11.40 
0.34 

1.46 0.48 0.12 1.45 0.28 

 
The distribution of the genotypes of the polymorphic 

variant of 2258G/A of the TLR2 gene (rs5743708) was as 
follows: the GG genotype was found in 111 (97.37%) re-
spondents, GA – in 3 (2.63%), the homozygous genotype 
AA was not detected in any of the subjects. The allele G 
frequency with this distribution of genotypes was 98.68%, 
and the allele A frequency was 1.32%. 

The data presented at the National Center for Bio-
technology Information (NCBI) website indicates that the 
global allele A of the polymorphic variant of the 2258G/A 
of the TLR2 gene (rs5743708) is negligible and is 0.68% 
[14]. Almost the same common frequency of occurrence 
of A (allele 0.7%) is also indicated at the Ensembl web-
site. At the same site, there is information on the fre-
quency distribution of the alleles of the polymorphic vari-
ant 2258G/A of the TLR2 gene (rs5743708) in the Euro-
pean population, which is considerably higher than the 
global one and is 2.4%. The distribution of subpopula-
tions varies considerably, namely: the frequency of the A 
allele among the Iberian population of Spain is the lowest 
and is 0.5%, among the population of Tuscany – 1.9%, 
among the British and Scots – 2.7%, among the Finnish 
population – 3.0% [15]. The frequency of the A allele 
(1.32%) obtained by us is almost twice less than the av-
erage frequency found in the Europeans population, but 
also exceeds the global A allele frequency of the 
2258G/A polymorphic variant of the TLR2 gene 
(rs5743708). 

In calculating the expected frequency of genotypes, the 
following results were obtained: the calculated frequency of 
GG genotype was 111.05; GA genotype – 2.93 and AA 
genotype – 0.02. Such a distribution of genotypes in the 
group corresponded to that expected at Hardy-Weinberg 
equilibrium (χ2 = 0.02; p = 0.99). Rare allele counting less 
than 2 (μ = 1.23) and the proportion of rare alleles above 
zero (h = 0.39) indicate uneven distribution of alleles. The 
approximation to the equilibrium of the genetic structure of 
this sample is also evidenced by the population inbreeding 
rate approaching zero (F = -0.01). 

The analysis of prevalence of polymorphic variant 
896A/G of the TLR4 gene (rs4986790) showed that the 
AA genotype was found in 103 (90.35%) people, AG 
genotype – in 11 (9.65%), GG genotype was not found in 
this group. The allele A frequency was 95.18%, and the 
allele G frequency was 4.82%. The calculation of the ex-

pected frequency of genotypes in the given group 
showed a coincidence with the observed one and was: 
AA genotype – 103.32; AG genotype – 10.42; GG geno-
type – 0.26, which corresponded to the theoretically ex-
pected at Hardy-Weinberg equilibrium (χ2 = 0.29; p = 
0.86). 

In addition, an uneven distribution of alleles was ob-
served, since the rate of inclusion of rare alleles was 
1.43, and the proportion of rare alleles was 0.29. The in-
breeding rate indicated an insignificant heterozygotes de-
ficiency (F = 0.05). 

The results obtained in studies on the frequency of 
occurrence of the polymorphic variant 896A/G of the 
TLR4 gene in other regions of Ukraine among the groups 
of apparently healthy individuals somewhat differed. 
Thus, when examining 285 inhabitants of Crimea, AA 
genotype was detected in 85% of people, AG genotype – 
in 14%, GG genotype – in 1% of all respondents [16]. 

The distribution of the frequencies of genotypes of the 
polymorphic locus 1196C/T of the TLR4 gene 
(rs4986791) was as follows: the SS genotype was found 
in 103 (90.35%) people, the ST genotype – in 10 (8.77%) 
and the TT genotype – in 1 (0.88%) person. By the fre-
quency of alleles, the distribution was as follows: the C 
allele frequency was 94.74%, and the T allele frequency 
was 5.26%. 

The calculation of the expected frequency of geno-
types showed the following results: CC genotype – 
102.26, CT genotype – 11.40 and TT genotype – 0.34. 
Such a distribution of genotypes in the group corre-
sponded to that expected at Hardy-Weinberg equilibrium 
(χ2 = 1.46; р = 0.48). Indicators for the inclusion of rare 
alleles (μ = 1.45) and the proportion of rare alleles (h = 
0.28) indicate uneven distribution of alleles in this group. 
The inbreeding rate indicates insufficient heterozygotes 
in the population and was 0.12. 

Moreover, based on the NCBI and Ensembl data, it is 
known that the global frequency of G allele in the polymor-
phic variant 896A/G of the TLR4 gene (rs4986790) is 
5.99%, and the global frequency of T allele of the TLR4 
(rs4986791) polymorphic variant 1196C/T gene of the TLR4 
gene (rs4986790) is 4.07% [17, 18]. The prevalence of the 
G allele of the polymorphic variant of the TLR4 gene 
(rs4986790) among the Europeans is on average 5.7% and 
varies from 3.7% – from the Iberian population of Spain to 
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11.6% – in the population of Finland, in British and Scots this 
allele is found with a frequency of 4.4%, and Tuscans – with 
a frequency of 4.7%. 

The frequency with which the T allele of the polymor-
phic variant of the TLR4 gene (rs4986791) is found 
among Europeans exceeds the global one and is 5.8%. 
The distribution by subpopulation also varies greatly and 
is as follows: the highest frequency of T allele is indicated 
for the population of Finland – 11.6%, among the Iberians 
and Tuscans, this allele is found at 4.7%, the lowest fre-
quency is for British and Scots – 3.8% [19]. 

The obtained frequencies of G alleles of the polymor-
phic variant 896A/G of the gene TLR4 (rs4986790) and 
the T-polymorphic variant 1196C/T of the TLR4 gene 
(rs4986791) are slightly lower than the average frequen-
cies of these alleles among the European population, but 
did not differ significantly. 

Our further study was aimed at comparing the pres-
ence of certain clinical manifestations, which were noted 
during the interviewing, with the presence of the A allele 
in the genotype (carriers of GA genotype) polymorphic 
variant of the gene TLR2 (rs5743708) (Table 2). 

Table 2 
Analysis of clinical signs in the presence of polymorphic variant of the TLR2 gene (rs5743708) in the genotype 

The presence of the sign 
Carriers of GG 

genotype  
 (n = 111) 

Carriers of GA 
genotype  
 (n = 3) 

р* 

1 2 3 4 

A bad habit of smoking yes 
no 

30 
81 

3 
0 0.04 

Acute respiratory diseases in the anamnesis – 1-2 times a year yes 
no 

74 
37 

3 
0 0.55 

Rubeola yes 
no 

27 
84 

2 
1 0.32 

Measles  yes 
no 

9 
102 

1 
2 0.62 

Chicken pox yes 
no 

62 
49 

2 
1 0.83 

Parotitis yes 
no 

6 
105 

1 
2 0.44 

Skin viral (herpetic) infections yes 
no 

11 
100 

1 
2 0.73 

Rheumatism yes 
no 

1 
110 

1 
2 0.05 

Dermatitis yes 
no 

3 
108 

1 
2 0.21 

Pyelonephritis yes 
no 

1 
110 

1 
2 0.05 

 
It was found that in carriers of the A allele (genotype 

GA) had significantly more cases of inflammatory dis-
eases associated with bacterial infection, namely rheu-
matism and pyelonephritis (p = 0.05). All three people 
with the GA genotype of the TLR2 gene (rs5743708) had 
a bad habit of smoking (p = 0.04). 

Further, a comparative analysis of existing clinical 
manifestations with the presence of the G allele in the 
genotype (carriers of AG genotype) of the polymorphic 
variant of the TLR4 gene (rs4986790) was performed 
(Table 3). 

Table 3 
Analysis of clinical signs in the presence of polymorphic variant of the TLR4 gene (rs4986790) in the genotype 

The presence of the sign 
Carriers of АА 

genotype  
(n = 105) 

Carriers of АG 
genotype  
 (n = 9) 

р* 

Parents from the area of Chernobyl nuclear power plant yes 
no 

4 
101 

1 
8 0.86 

A bad habit of smoking yes 
no 

31 
74 

2 
7 0.94 

The presence of endocrine diseases in close relatives  yes 
no 

10 
95 

2 
7 0.53 

The presence of allergic diseases in close relatives yes 
no 

10 
95 

2 
7 0.53 

Acute respiratory diseases in the anamnesis – 1-2 times a year yes 
no 

72 
33 

5 
4 0.67 

Pertussis yes 
no 

5 
100 

2 
7 0.17 

Scarlet fever yes 
no 

1 
104 

1 
8 0.37 

Rubeola  yes 
no 

26 
79 

3 
6 0.87 

Measles  yes 
no 

9 
96 

1 
8 0.72 
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The presence of the sign 
Carriers of АА 

genotype  
(n = 105) 

Carriers of АG 
genotype  
 (n = 9) 

р* 

Chicken pox yes 
no 

57 
48 

7 
2 0.31 

Parotitis yes 
no 

5 
100 

2 
7 0.17 

Infectious hepatitis yes 
no 

2 
103 

1 
8 0.57 

Skin viral (herpetic) infections yes 
no 

11 
94 

1 
8 0.61 

Infections of the gastrointestinal tract yes 
no 

9 
96 

1 
8 0.72 

Urogenital infections yes 
no 

1 
104 

1 
8 0.37 

Neuroinfections yes 
no 

0 
105 

1 
8 0.12 

Hives  yes 
no 

4 
101 

2 
7 0.11 

Cystitis yes 
no 

8 
97 

1 
8 0.79 

 
As can be seen from Table 3, no reliable association 

was found between the presence of the G allele in the 
genotype (carriers of the AG genotype) of the polymor-
phic variant of the TLR4 gene (rs4986790) and data, re-
ported during the interviewing and listed in the table. 

The presence of individual clinical manifestations in 
individuals who are carriers of another polymorphic vari-

ant of the TLR4 gene (rs4986791) has been analyzed. 
Since only one person had the homozygous TT geno-
type, we combined the carriers of this genotype with car-
riers of the heterozygous CT genotype. Thus, the number 
of individuals carrying the polymorphic allele T was 11 
(Table 4). 

Table 4 
Analysis of clinical signs in the presence of polymorphic variant of the TLR4 gene (rs4986791) in the genotype 

The presence of the sign 
Carriers of CC 
genotype (n = 

103) 

Carriers of the 
T allele (CT 

and TT  
genotypes)  

 (n = 11) 

р* 

A bad habit of smoking Yes 
no 

29 
74 

4 
7 0.83 

Acute respiratory diseases in the anamnesis – 1-2 times a year Yes 
no 

69 
34 

8 
3 0.96 

Pertussis Yes 
no 

6 
97 

1 
10 0.82 

Rubeola  Yes 
no 

27 
76 

2 
9 0.83 

Chicken pox Yes 
no 

57 
46 

7 
4 0.84 

Infectious hepatitis Yes 
no 

2 
101 

1 
10 0.68 

Skin fungal infections Yes 
no 

7 
96 

1 
10 0.74 

Rheumatism Yes 
no 

1 
102 

1 
10 0.46 

Hives  Yes 
no 

5 
98 

1 
10 0.91 

Cystitis yes 
no 

7 
96 

2 
9 0.46 

Pyelonephritis Yes 
no 

1 
102 

1 
10 0.46 

 
A comparative analysis of the presence of the allele T 

in the genotype (CT and TT genotypes) of the TLR4 gene 
(rs4986791) with definite clinical manifestations of indi-
vidual diseases did not reveal any reliable association. 

Thus, the result of the conducted study of the pres-
ence of association in the genotypes of polymorphous 
variants of the TLR2 (rs5743708), TLR4 (rs4986790, 
rs4986791) genes with a general somatic state was the 
detection of a reliable link between the presence of the A 

allele in the genotype of the polymorphic variant of the 
TLR2 gene (rs5743708) with rheumatism (p = 0.05), pye-
lonephritis (p = 0.05), and a bad habit of smoking (p = 
0.04). 
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