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Abstract: The aim of the present study was to analyze the association of the TLR2 (Toll-like receptor 2
gene) 2258G>A (rs5743708), TLR4 (Toll-like receptor 4 gene) 896A>G (rs4986790), and TLR4 1196C>T
(rs4986791) polymorphisms with dental caries in Polish children. The participants, 261 15-year-old
children, were divided into two groups: 82 cases (i.e., children with DMFT (Decayed, Missing, and
Filled Teeth) index >5, having either moderate or high caries experience, assigned as the “higher”
caries experience group) and 179 controls (i.e., children with DMFT ≤ 5, having either low or very
low caries experience, assigned as the “lower” caries experience group). Genomic DNA was isolated
from buccal swabs, and genotyping was determined by means of real-time PCR (polymerase chain
reaction). There were no significant differences in the genotype or allele distributions in all tested
SNPs (single nucleotide polymorphisms) between children with “higher” caries experience and those
with “lower” caries experience. TLR4 haplotype frequencies did not differ significantly between
cases and controls. In an additional analysis with another case definition applied (subjects with
DMFT ≥ 1 were assigned as “cases”, whereas children with DMFT = 0 were assigned as “controls”),
no significant differences in the TLR2 and TLR4 genotype, allele frequencies, and TLR4 haplotype
frequencies were found between the case and the control groups. The results of the present study
broaden our knowledge on the potential genetic factors that might affect caries risk and suggest
that TLR2 rs5743708 and TLR4 rs4986790 and rs4986791 SNPs are not associated with dental caries
susceptibility in Polish children.

Keywords: Toll-like receptors 2 and 4; single nucleotide polymorphisms; dental caries experience;
children

1. Introduction

Oral diseases (including dental caries) are the most prevalent conditions globally, with
untreated dental caries in permanent teeth being the most common health condition accord-
ing to GBD 2019 study [1]. The WHO estimated the global average prevalence of caries of
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deciduous teeth as 43% and the global average prevalence of caries of permanent teeth as
29% [2]. Dental caries is a chronic, complex, multifactorial disease that could be classified as
a noncommunicable disease (NCD), defined as a biofilm-mediated, sugar-driven condition
that leads to the disruption of dental biofilm symbiosis and demineralization of tooth hard
tissues [3]. The interaction of many factors contributes to caries development, including
environmental factors such as the frequency of toothbrushing, the frequency of sugar-
sweetened beverages consumption, breastfeeding, sex, and household income [3,4]. Some
studies’ results demonstrate thew significant involvement of genetics in caries susceptibility,
with 20–65% of the variation in dental caries experience attributable to genetics [5,6].

In our previous studies, our research group has focused on the association of SNPs
(single nucleotide polymorphisms) in selected genes involved in immune response with
dental caries (MBL2, MASP2, FCN2, and FCN1) [7–9]. In the present study, we extend our
analysis to other genes involved in immune response, i.e., TLR2 (Toll-like receptor 2 gene)
and TLR4 (Toll-like receptor 4 gene).

The Toll-like receptor (TLR) family belongs to the so-called pattern-recognition recep-
tors (PRR) and plays important roles in the innate immune response [10–12]. There are
11 functionally different TLRs in humans [11]. TLR2 is considered as a key regulator of
host immunity, playing a pivotal role in deciding the fate of several microbial and parasitic
infections [11]. TLR4 has the unique ability to identify pathogen-associated molecular
patterns (PAMPs) from many types of pathogens [11]. TLR2 is involved in Gram-positive
bacterial sensing, whereas TLR4 is involved in in Gram-negative bacterial sensing [10,12,13].
TLR2 and TLR4 have been detected in healthy pulp (in the odontoblast cell membrane).
TLR2 was shown to be upregulated in odontoblasts beneath caries lesions as compared
to odontoblasts beneath healthy dentin, leading to the upregulation of innate immunity
effectors (incl. antimicrobial agents) [14]. TLR2 is involved in immune response against
cariogenesis [15,16]. TLR4 in human pulp, upon sensing pathogenic bacteria, induces
inflammatory cytokine production and activates autophagy to protect the host against
bacterial invasion [17].

The association of SNPs in TLR2 and TLR4 genes with different infectious diseases
(including oral diseases) was examined [11,12,18–29]. However, there are very few studies
examining the role of the SNPs in these genes in dental caries susceptibility [26,30]. More-
over, the basis for the inclusion of TLR2 and TLR4 genes in our genetic association study is
the results of Wang and coworkers’ study: both genes are present on the prioritized list of
dental caries candidate genes provided by ENDAVOUR, created taking into consideration
the magnitude of evidence related to dental caries; TLR2 gene was ranked 158, whereas
TLR4 gene was ranked 376 out of 960 candidate genes [31].

We hypothesize that genetic variants of TLR2 and TLR4 that might potentially influence
the TLR2 and TLR4 receptor expression and/or function lead to alterations in cariogenic
bacteria recognition, binding, and biofilm formation, thus affecting dental caries suscepti-
bility. The aim of the present study was to analyze the association of the TLR2 2258G>A
(rs5743708), TLR4 896A>G (rs4986790), and TLR4 1196C>T (rs4986791) polymorphisms
with dental caries in Polish children.

2. Results

Our study sample comprised 261 participants (144 males, 117 females). Their median
DMFT (Decayed, Missing, and Filled Teeth) index was 4 (range 0–19). The case group
(defined as children with DMFT > 5) did not differ significantly from the control group
(children with DMFT ≤ 5) by gender (46.3% female in the case group, 44.1% female in
the control group, p = 0.74). The case group (82 subjects) consisted of 25 children with
DMFT = 6, 21 children with DMFT = 7, 19 children with DMFT= 8, 7 individuals with
DMFT = 9, 6 participants with DMFT = 10, and 1 participant with DMFT = 11, DMFT = 12,
DMFT = 13, and DMFT = 19, respectively. The control group (179 subjects) consisted of 32
participants with DMFT = 0, 27 participants with DMFT = 1, 34 children with DMFT = 2,
25 children with DMFT = 4, and 27 with DMFT = 5.
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The distributions of all of the tested SNPs, i.e., TLR2 2258G>A (rs5743708), TLR4
896A>G (rs4986790), and TLR4 1196C>T (rs4986791), showed no variant homozygotes, and
they did not deviate significantly (p > 0.5) from the Hardy–Weinberg equilibrium (HWE).

The genotype and allele frequencies of the analyzed SNPs of TLR2 and TLR4 genes in
Polish children are presented in Tables 1 and 2 and Figure 1.

Table 1. Genotype and allele frequencies of analyzed SNP in the TLR2 gene in Polish children
(DMFT = 5 as a cut-off value).

SNP (Reference
Sequence),

Genotype/Allele

Children with
Moderate/High Caries

Experience
(DMFT > 5),

N = 82
n (%)

Children with Low/Very
Low Caries Experience

(DMFT ≤ 5),
N = 179

n (%)

p Value a OR (95%CI) b Chi2

TLR2 2258G>A
(rs5743708)

GG 78 (95.12) 165 (92.18)
0.38 – 0.76GA 4 (4.88) 14 (7.82)

AA 0 (0) 0 (0)

GG + GA 82 (100) 179 (100) – –
AA 0 0

GG 78 (95.12) 165 (92.18)
0.38 0.60 (0.19–1.89) 0.76AA + GA 4 (4.88) 14 (7.82)

G 160 (97.56) 344 (96.09)
0.39 0.61 (0.199–1.895) 0.73A 4 (2.44) 14 (3.91)

a Chi-square test; b odds ratio (OR) and 95% confidence interval (95%CI) for “case” vs. “control” children and
“lower” vs. “upper” genotype or allele.
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Table 2. Genotype and allele frequencies of analyzed SNPs in the TLR4 gene in Polish children
(DMFT = 5 as a cut-off value).

SNP (Reference
Sequence),

Genotype/Allele

Children with
Moderate/High Caries

Experience
(DMFT > 5),

N = 82
n (%)

Children with Low/Very
Low Caries Experience

(DMFT ≤ 5),
N = 179

n (%)

p Value a OR (95%CI) b Chi2

TLR4 896A>G
(rs4986790)

AA 73 (89.02) 159 (88.83)
0.96 – 0.002AG 9 (10.98) 20 (11.17)

GG 0 0

AA + AG 82 (100) 179 (100) – –
GG 0 0

AA 73 (89.02) 159 (88.83)
0.96 0.98 (0.43–2.26) 0.002GG + AG 9 (10.98) 20 (11.17)

A 155 (94.5) 338 (94.4)
0.96 0.98 (0.44–2.20) 0.002G 9 (5.5) 20 (5.6)

TLR4 1196C>T
(rs4986791)

CC 72 (87.8) 160 (89.39)
0.706 – 0.14CT 10 (12.2) 19 (10.61)

TT 0 0

CC + CT 82 (100) 179 (100) – –
TT 0 0

CC 72 (87.8) 160 (89.39)
0.706

1.169
(0.5179–2.6414) 0.14TT + CT 10 (12.2) 19 (10.61)

C 154 (93.9) 339 (94.69)
0.714

1.159
(0.526–2.55) 0.13T 10 (6.10) 19 (5.31)

a Chi-square test; b odds ratio (OR) and 95% confidence interval (95%CI) for “case” vs. “control” children and
“lower” vs. “upper” genotype or allele.

There were no significant differences in the genotype or allele distributions in all tested
SNPs between children with “higher” caries experience (having DMFT index > 5) and those
with “lower” caries experience (DMFT ≤ 5).

The analysis of the association between the TLR2 and TLR4 SNPs and caries suscep-
tibility, assessed using dominant and recessive genetic models, revealed no statistically
significant association between TLR2 (rs5743708) and TLR4 (rs4986790 and rs4986791) gene
polymorphisms and susceptibility to dental caries (Tables 1 and 2).

A strong linkage disequilibrium between TLR4 rs4986790 and rs4986791 SNPs was
found (Lewontin’s D’ = 0.963, r2 = 0.928).

Four TLR4 haplotypes (SNPs 896A>G,1196C>T) were identified in the examined
subjects, AC, GT, GC, AT, with frequencies of 94.2%, 5.4%, 0.2% and 0.2%, respectively.

TLR4 haplotype frequencies did not differ significantly between the cases (children
with DMFT > 5) and the controls (children with DMFT ≤ 5) (Table 3).

In an additional analysis with another case definition applied (subjects with DMFT ≥ 1
assigned as cases compared to children with DMFT = 0 assigned as controls), no signif-
icant differences in the TLR2 and TLR4 genotype, allele frequencies, or TLR4 haplotype
frequencies were found between the cases and the controls (p > 0.1).
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Table 3. TLR4 haplotype frequencies in Polish children with moderate/high caries experience versus
those with low/very low caries experience.

TLR4 Haplotypes
+896A>G/+1196 C>T

Haplotype frequency (%)

p Value a Chi2
Children with Moderate/High

Caries Experience
(DMFT > 5)

N = 82

Children with Low/Very Low
Caries Experience (DMFT ≤ 5)

N = 179

AC 93.9% 94.4% 0.82 0.054

GT 5.5% 5.3% 0.93 0.007

GC 0% 0.3% 0.50 0.458

AT 0.6% 0% 0.14 2.183
a Chi-square test.

3. Discussion

Polymorphisms in TLR2 and/or TLR4 genes and protein concentrations of TLR2
and TLR4 have been analyzed in several infectious and/or inflammatory diseases, such
as tuberculosis [19], severe invasive infections by Streptococcus pneumoniae and Neisseria
menigitidis [18,21], sepsis [20], infection by Legionella pneumophila [11], leprosy [11], infec-
tive endocarditis [32], Lyme disease [33], urinary tract infections [34], cytomegalovirus
infection [23], respiratory syncytial virus infection [11], HIV infection [22], and malaria [11].

Some studies have demonstrated the involvement of TLR2 and TLR4 in the pathogen-
esis of oral diseases, such as chronic periodontitis and dental caries [11,15,16,24–26,35–38].

TLR2 and TLR4 are involved in the immune response against bacterial pathogens (both Gram-
positive and Gram-negative bacteria) in cariogenesis and in periodontitis [10,16,25,36,39–41]. In a
study by Malekafzali et al., the elevated salivary concentration of TLR2 in a early childhood
caries (ECC) group compared to a caries-free group was demonstrated, suggesting the
involvement of TLR2 in the pathogenesis of early childhood caries [15]. Zhao et al. found a
significantly increased concentration of soluble TLR2 in the saliva of children with active
caries compared to the saliva of children free from caries [16]. Liu et al. demonstrated
significantly higher expression of TLR4 in dental pulp tissue affected by caries as compared
to dental pulp tissue unaffected by caries [38].

To our knowledge, this is the third report in which the role of TLR gene polymor-
phisms on dental caries susceptibility was addressed. However, the authors of the first
study [26] examined a different ethnic group (i.e., subjects from Turkey), a different age
group (25–44 years), different TLR2 SNPs, only one SNP in the TLR4 gene, and a different
caries phenotype as compared to our study. The authors of the second report analyzed
different SNPs of TLR4 (as compared to our study) and no SNPs in TLR2 [30].

We found a lack of association of alleles, genotypes of TLR2 and TLR4 SNPs, and TLR4
haplotypes with dental caries in Polish children, suggesting that these gene variants do not
affect the caries risk (susceptibility).

The results of our study are consistent with the results of the study of Yildiz Telatar
et al., who demonstrated a lack of significant differences in TLR2 (rs121917864) and TLR4
(rs4986790) gene polymorphisms between the low and high caries risk groups in individ-
uals aged 25–44 years from Turkey [26]. Raivisto et al. found no statistical association
between another SNP in the TLR4 gene, i.e., rs11536889, and initial caries lesions in Finnish
adolescents aged 15–17 years old [30].

It is also worth mentioning the results of the study by Alotaibi and coworkers, who
conducted a genome-wide association study (GWAS) of dental caries in a large multiethnic
population; the authors found that in the permanent dentition, there were no SNPs reaching
a genome-wide significance level [42]. Shungin and coworkers in their genome-wide
association study and meta-analysis identified 47 novel, conditionally independent genetic
risk loci for dental caries with at least one variant meeting the threshold for genome-wide
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significance (p < 5 × 10−8) in unconditional results and following a stepwise selection
procedure. The authors integrated GWAS results with external sources of expression data,
creating a prioritized list of 221 genes that may be involved in dental caries pathogenesis.
However, TLR2 and TLR4 genes were not present on that list [43].

Our study has some limitations. These include the relatively small sample size and
the lack of measurements of TLR2 and TLR4 protein concentrations. Another limitation of
this study is that the analysis was restricted to polymorphisms of two genes. In future gene
association studies of dental caries, other genes involved in Toll-like receptor-mediated
pathogen recognition and/or regulation, such as TLR1 (Toll-like receptor 1 gene), TLR6
(Toll-like receptor 6 gene), and MD-2 (myeloid differentiation-2 gene), should also be
considered [44].

4. Material and Methods

This study constitutes the continuation of the research project entitled “Polymor-
phisms of Selected Genes Involved in Immune Response Mechanisms and Dental Caries
in Children” (Department of Hygiene and Epidemiology, Pomeranian Medical University
in Szczecin) [7,9]. The case–control study design was applied in our study. A total of 261
15-year-old children from Szczecin city were enrolled in our study, as described previ-
ously [9]. The study protocol was approved by the Bioethical Committee of Pomeranian
Medical University. The study was conducted in accordance with the principles of the
Declaration of Helsinki, and both participants and their caregivers gave written informed
consent [9].

The mean fluoride concentration in tap water in Szczecin ranges from 0.11 to 0.25 mg/L
(data received from the Municipal Sanitary Epidemiological Inspectorate). The vast major-
ity of study participants declared that they brushed their teeth at least twice daily. More
advanced tests of the oral material were not performed due to the difficulty in obtaining
consent for invasive procedures in children.

Dental caries diagnosis was established based on the presence of cavitation according
to recommendations of the WHO [45]. For the purpose of the inspection of dental surfaces
for open cavities, a dental lamp and a mirror were used. Clinical visual–tactile examinations
were performed with the use of a standard blunt dental probe and a mirror. Dental caries
was recorded when a cavity could be diagnosed e.g., enamel breakdown could be observed
following the removal of the eventual plaque covering the lesion [46]. The DMFT index (the
sum of decayed, missing due to caries and filled teeth) was provided for every participant.
Dental caries experience level was evaluated according to Vieira and coworkers [47], taking
into consideration the subjects age and DMFT scores. The participants were divided into
two groups: 82 cases (i.e., children with DMFT > 5, having either moderate or high caries
experience, assigned as the “higher” caries experience group) and 179 controls (i.e., children
with DMFT ≤ 5, having either low or very low caries experience, assigned as the “lower”
caries experience group). In addition, the analyzed SNP distribution was also compared
between the 229 children with caries experience (with DMFT > 0) and 32 children with no
caries experience (having DMFT = 0).

Genomic DNA was isolated from buccal swabs by means of standard procedures
using the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany). Two TLR4 SNPs, rs4986790
and rs4986791, and one TLR2 SNP, rs5743708, were selected as per the NCBI SNP database
(https://www.ncbi.nlm.nih.gov/snp/, accessed on 23 June 2024). Genotypes were deter-
mined by means of real-time PCR using the StepOneTM Real-Time PCR System (Roche
Diagnostics, Warsaw, Poland), the TaqPath ProAmp Master Mix, and commercial pre-
designed TaqMan SNP Genotyping Assays (Assay ID: C_11722238_20, C_11722237_20 and
C_27860663, respectively) (Thermo Fisher Scientific, Waltham, MA, USA). Samples were
first heated at 95 ◦C for 10 min before amplification as follows: 40 cycles of two-step PCR
at 95 ◦C for 15 s and 60 ◦C for 1 min. The data were analyzed with Taq Man Genotyper
Software v. 1.0.1. (Thermo Fisher Scientific, Waltham, MA, USA). For quality control

https://www.ncbi.nlm.nih.gov/snp/
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purposes, approximately 10% of the samples were re-genotyped in a blinded fashion and
the same results were obtained.

The results of this study were analyzed statistically with the use of the Statistica 12
software (StatSoft, Kraków, Poland). Genotype and allele frequencies were determined
by means of the direct counting method. The chi-square test was used to compare the
frequencies of TLR2 and TLR4 genotypes, alleles, and TLR4 haplotypes between groups.
The statistical analysis adopted a significance level (α) of 0.05 for the test. The Haploview 4.2
software (Broad Institute, Cambridge, MA, USA) was used for the linkage disequilibrium
analysis. Our study with 82 cases and 179 controls had sufficient statistical power to
detect with 80% probability true differences in allele frequencies between the groups
corresponding to the odds ratio (OR) for the association of moderate/high caries experience
with variant alleles of each SNP equal to 2.88 (positive association) or 0.01 (negative
association) for rs5743708, 2.53 or 0.13 for rs4986790, and 2.57 or 0.11 for rs4986791.

5. Conclusions

The results of the present study broaden our knowledge on the potential genetic
factors that might affect caries risk and suggest that TLR2 rs5743708 and TLR4 rs4986790
and rs4986791 SNPs are not associated with dental caries susceptibility. However, further
studies conducted in other populations/ethnic groups examining other SNPs are needed to
test the consistency of our findings in order to draw definitive, final conclusions regarding
the association between TLR2 and TLR4 SNPs and dental caries. It is also recommended
to conduct studies analyzing the role of TLR2 and TLR4 gene–environment interactions
in dental caries susceptibility. Furthermore, detailed investigations of functional polymor-
phisms in dental caries candidate genes will allow researchers to construct caries prediction
models enabling us to identify high-caries-risk groups among children in order to apply
preventive or therapeutic interventions. The knowledge of genetic factors contributing to
caries risk/resistance contributes to the development of “precision dentistry”.
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896A/G and TLR9 1174G/A polymorphisms are associated with the risk of infectious mononucleosis. Sci. Rep. 2020, 10, 13154.
[CrossRef]

https://doi.org/10.1159/000369103
https://www.ncbi.nlm.nih.gov/pubmed/25612913
https://doi.org/10.1159/000314676
https://www.ncbi.nlm.nih.gov/pubmed/20516689
https://doi.org/10.1111/odi.13806
https://www.ncbi.nlm.nih.gov/pubmed/33600013
https://doi.org/10.1111/j.1601-0825.2011.01887.x
https://doi.org/10.1159/000455054
https://doi.org/10.1155/2015/230251
https://doi.org/10.1111/sji.12771
https://doi.org/10.3389/fimmu.2012.00079
https://doi.org/10.1111/j.1399-302X.2007.00310.x
https://www.ncbi.nlm.nih.gov/pubmed/17241164
https://doi.org/10.1016/j.joen.2007.05.018
https://www.ncbi.nlm.nih.gov/pubmed/17889686
https://www.ncbi.nlm.nih.gov/pubmed/25265998
https://doi.org/10.1186/1472-6831-14-108
https://www.ncbi.nlm.nih.gov/pubmed/25174416
https://doi.org/10.1016/j.medin.2013.08.006
https://www.ncbi.nlm.nih.gov/pubmed/24144680
https://doi.org/10.1177/1753425919862354
https://www.ncbi.nlm.nih.gov/pubmed/31319756
https://doi.org/10.1038/srep38947
https://www.ncbi.nlm.nih.gov/pubmed/27958344
https://doi.org/10.1016/j.ijid.2017.04.024
https://doi.org/10.3390/genes12010036
https://doi.org/10.1016/j.ijid.2014.04.001
https://doi.org/10.7717/peerj.7828
https://www.ncbi.nlm.nih.gov/pubmed/31772831
https://doi.org/10.1155/2019/4029217
https://www.ncbi.nlm.nih.gov/pubmed/31281226
https://doi.org/10.1007/s00795-020-00263-5
https://www.ncbi.nlm.nih.gov/pubmed/32770263
https://doi.org/10.1038/sj.gene.6364282
https://www.ncbi.nlm.nih.gov/pubmed/16437123
https://doi.org/10.1016/j.prp.2022.154284
https://www.ncbi.nlm.nih.gov/pubmed/36563560
https://doi.org/10.1038/s41598-020-70129-4


Int. J. Mol. Sci. 2024, 25, 6985 9 of 9

30. Raivisto, T.; Heikkinen, A.; Kovanen, L.; Ruokonen, H.; Kettunen, K.; Tervahartiala, T.; Haukka, J.; Sorsa, T. SNP Analysis of
Caries and Initial Caries in Finnish Adolescents. Int. J. Dent. 2018, 2018, 1586762. [CrossRef] [PubMed]

31. Wang, Q.; Jia, P.; Cuenco, K.T.; Feingold, E.; Marazita, M.L.; Wang, L.; Zhao, Z. Multi-dimensional prioritization of dental caries
candidate genes and its enriched dense network modules. PLoS ONE 2013, 8, e76666. [CrossRef] [PubMed]

32. Bustamante, J.; Tamayo, E.; Flórez, S.; Telleria, J.J.; Bustamante, E.; López, J.; San Román, J.A.; Alvarez, F.J. Toll-like receptor 2
R753Q polymorphisms are associated with an increased risk of infective endocarditis. Rev. Esp. Cardiol. 2011, 64, 1056–1059.
[CrossRef]

33. Rahman, S.; Shering, M.; Ogden, N.H.; Lindsay, R.; Badawi, A. Toll-like receptor cascade and gene polymorphism in host-pathogen
interaction in Lyme disease. J. Inflamm. Res. 2016, 9, 91–102. [CrossRef] [PubMed]

34. Behzadi, E.; Behzadi, P. The role of toll-like receptors (TLRs) in urinary tract infections (UTIs). Cent. Eur. J. Urol. 2016, 69, 404–410.
[CrossRef]

35. Hong, S.W.; Baik, J.E.; Kang, S.S.; Yun, C.H.; Seo, D.G.; Han, S.H. Lipoteichoic acid of Streptococcus mutans interacts with Toll-like
receptor 2 through the lipid moiety for induction of inflammatory mediators in murine macrophages. Mol. Immunol. 2014, 57,
284–291. [CrossRef] [PubMed]

36. Lappin, D.F.; Sherrabeh, S.; Erridge, C. Stimulants of Toll-like receptors 2 and 4 are elevated in saliva of periodontitis patients
compared with healthy subjects. J. Clin. Periodontol. 2011, 38, 318–325. [CrossRef] [PubMed]

37. Liu, Y.; Gao, Y.; Zhan, X.; Cui, L.; Xu, S.; Ma, D.; Yue, J.; Wu, B.; Gao, J. TLR4 activation by lipopolysaccharide and Streptococcus
mutans induces differential regulation of proliferation and migration in human dental pulp stem cells. J. Endod. 2014, 40,
1375–1381. [CrossRef]

38. Liu, Y.; Gao, Y.; Wen, J.; Xu, S. Locations of TLR4 in healthy dental pulp tissue and dental pulp tissue affected by deep caries. J.
Prev. Treat. Stomatol. Dis. 2017, 25, 153–158. [CrossRef]

39. Jafari, R.; Karamzadeh, R.; Pesaran Hajabbas, F.; Sayyadizadeh, F.; Chekini, Z.; Aghajanpour, S.; Shakeri, L.; Nazarimoghaddam,
K.; Aflatoonian, R. Human closed and open apex premolar teeth express different toll-like receptor. Mol. Genet. Genom. Med. 2020,
8, e1268. [CrossRef]

40. Yumoto, H.; Hirao, K.; Hosokawa, Y.; Kuramoto, H.; Takegawa, D.; Nakanishi, T.; Matsuo, T. The roles of odontoblasts in dental
pulp innate immunity. Jpn. Dent. Sci. Rev. 2018, 54, 105–117. [CrossRef]

41. Murwani, S. Immunologic Aspect of Mice (Mus musculus) Dental Caries Induced by Streptococcus mutans. Am. J. Anim. Vet. Sci.
2017, 12, 53–57. [CrossRef]

42. Alotaibi, R.N.; Howe, B.J.; Chernus, J.M.; Mukhopadhyay, N.; Sanchez, C.; Deleyiannis, F.W.B.; Neiswanger, K.; Padilla, C.;
Poletta, F.A.; Orioli, I.M.; et al. Genome-Wide Association Study (GWAS) of dental caries in diverse populations. BMC Oral Health
2021, 21, 377. [CrossRef]

43. Shungin, D.; Haworth, S.; Divaris, K.; Agler, C.S.; Kamatani, Y.; Keun Lee, M.; Grinde, K.; Hindy, G.; Alaraudanjoki, V.; Pesonen,
P.; et al. Genome-wide analysis of dental caries and periodontitis combining clinical and self-reported data. Nat. Commun. 2019,
10, 2773. [CrossRef] [PubMed]

44. Noreen, M.; Arshad, M. Association of TLR1, TLR2, TLR4, TLR6, and TIRAP polymorphisms with disease susceptibility. Immunol
Res. 2015, 62, 234–252. [CrossRef] [PubMed]

45. Lussi, A. Comparison of different methods for the diagnosis of fissure caries without cavitation. Caries Res. 1993, 27, 409–416.
[CrossRef] [PubMed]

46. Ismail, A.I. Visual and visuo-tactile detection of dental caries. J. Dent. Res. 2004, 83, C56–C66. [CrossRef]
47. Vieira, A.R.; Marazita, M.L.; Goldstein-McHenry, T. Genome-wide scan finds suggestive caries loci. J. Dent. Res. 2008, 87, 435–439.

[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1155/2018/1586762
https://www.ncbi.nlm.nih.gov/pubmed/29849633
https://doi.org/10.1371/journal.pone.0076666
https://www.ncbi.nlm.nih.gov/pubmed/24146904
https://doi.org/10.1016/j.recesp.2011.02.024
https://doi.org/10.2147/JIR.S104790
https://www.ncbi.nlm.nih.gov/pubmed/27330321
https://doi.org/10.5173/ceju.2016.871
https://doi.org/10.1016/j.molimm.2013.10.004
https://www.ncbi.nlm.nih.gov/pubmed/24216318
https://doi.org/10.1111/j.1600-051X.2011.01702.x
https://www.ncbi.nlm.nih.gov/pubmed/21284689
https://doi.org/10.1016/j.joen.2014.03.015
https://doi.org/10.12016/j.issn.2096-1456.2017.03.003
https://doi.org/10.1002/mgg3.1268
https://doi.org/10.1016/j.jdsr.2018.03.001
https://doi.org/10.3844/ajavsp.2017.53.57
https://doi.org/10.1186/s12903-021-01670-5
https://doi.org/10.1038/s41467-019-10630-1
https://www.ncbi.nlm.nih.gov/pubmed/31235808
https://doi.org/10.1007/s12026-015-8640-6
https://www.ncbi.nlm.nih.gov/pubmed/25784622
https://doi.org/10.1159/000261572
https://www.ncbi.nlm.nih.gov/pubmed/8242679
https://doi.org/10.1177/154405910408301s12
https://doi.org/10.1177/154405910808700506

	Introduction 
	Results 
	Discussion 
	Material and Methods 
	Conclusions 
	References

