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Parathyroid hormone (PTH) is essential for calcium and phosphate homeostasis in
odontogenesis-related cells. Therefore, the present study aimed to investigate the
association between single nucleotide polymorphisms in the gene encoding PTH, and
dental caries in Brazilian children. Three hundred and fifty-three children (170 boys and
183 girls, age ranging from 8 to 11 years old) were included in this study. The International
System for Detection and Assessment of Carious Lesions (ICDAS) was used for diagnosis
of dental caries. Visible biofim was also evaluated during the clinical examination.
Genomic DNA was extracted from saliva for real-time PCR to evaluate the single
nucleotide polymorphisms rs6256, rs307247 and rs694 in PTH gene. Dental caries was
classified in ICDASy vs. ICDAS_g or ICDAS1_» vs. ICDAS3_g. Chi-square test, binary
logistic regression adjusted by biofilm and haplotype analyses were performed (o < 0.05).
Biofilm was associated with dental caries (p<0.05). There were no associations between
dental caries and rs6256, rs307247, rs694 in none of the analyses performed (p > 0.05).
In conclusion, the present study supports that the single nucleotide polymorphisms
rs6256, rs307247, and rs694 in the PTH-encoding gene are not associated with dental
caries in Brazilian children.

Keywords: dental caries, parathyroid hormone, polymorphism, single nucleotid polymorphism, children

INTRODUCTION

Parathyroid hormone (PTH) is essential for many biological processes, mostly for regulating
extracellular fluid calcium and phosphate homeostasis (1). PTH is the product of chief cells of
parathyroid glands in response to low calcium serum levels (2) and initiates a mechanism of bone
resorption to stimulate calcium release (3). Besides that, PTH is involved in a complex interaction
network in proliferation of mesenchymal stem cells and enhances the differentiation of osteo- and
odontogenesis-related cells (4). Odontogenesis is a highly coordinated process of tooth formation
and morphogenesis. This process relies upon protein-cell interaction, in which odontoblasts and
ameloblasts are the cells responsible for dentin and enamel synthesis (5). PTH play a direct role
in odontoblast and ameloblast (6, 7). Interestingly, during tooth formation, any imbalance in this
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network of protein-cell interaction may impacts dental tissues
(8). This fact may lead to an enamel and dentin defects,
contributing to an increased susceptibility risk and progression
of dental caries (8, 9).

Dental caries is a multifactorial disease characterized by the
demineralization of tooth minerals. It is one of the most common
chronic diseases during childhood (10). The link between dental
caries and host genetic background has been constantly studied
due to the possibility that some genes may interfere in the
function of amelogenesis and dentinogenesis related proteins and
predicted the susceptibility or progression to dental caries (11).
However, the association between dental caries and variants in
PTH decoder gene was little investigated in children (12, 13).

Single nucleotide polymorphisms (SNPs) are a type of
sequence variation within genomes that may modify the function
and the quantity of protein expression. In fact, previous studies
demonstrated that SNPs in PTH gene were associated with
modifications of PTH serum levels (14-17). These modifications
in PTH serum levels may both influence tooth formation and
the remineralization and demineralization equilibrium of the
tooth in occlusion (2, 18). Thus, it is possible that SNPs in PTH
are involved in the risk of dental caries. Therefore, the present
study aimed to investigate the association between SNPs rs6256,
rs307247, rs694 in the gene encoding PTH, and dental caries in
Brazilian children.

MATERIALS AND METHODS

This study was designed and reported according to the
Strengthening the Reporting of Genetic Association study
(STREGA) statement checklist. After the consent by the Local
Human Ethics committee (protocol: 78568217.7.0000.5142),
this cross-sectional study recruited biologically unrelated
schoolchildren of both genders, aged between 8 and 11 years,
enrolled in schools in the city of Alfenas, Brazil. Parents/legal
guardians agreed to participate in written informed consent
and an assent document was developed for children. All
standard biosecurity and institutional safety procedures
have been adhered in this study. Children with unhealthy
systemic conditions, diseases, endocrinal problems or hormonal
treatment, and children with syndromes were excluded. This
sample was previously described in Reis et al. (19).

A sample size calculation was performed [power = 80%;
alpha = 95%; effect size (Cohen’s w) = 0.20; Degrees of
freedom: 3] and predicted a minimum of 273 children. The
sample and data collection were performed in 2018 by one
single examiner trained and calibrated (Kappa intra-examiner =
0.87). Information about health habits was obtained through the
anamnesis answered by parents or caregivers.

Dental caries was accessed by ICDAS (International Caries
Detection and Assessment System) according to Shoaib et al.
(20). ICDAS was categorized as a dichotomic variable in two
different cut-offs: Healthy (ICDASp) vs. Caries (ICDAS;_¢);
or non-cavitated lesion (ICDAS;_;) vs. cavitated caries lesion
(ICDAS3_¢), as previously described (21).

Visible biofilm was also evaluated using the index described
by Silness and Loe (22). The scores vary from 0 (absence) to 3
(abundant on the surface of the tooth).

For the genotyping analysis DNA samples from each child
were used. Briefly, genomic DNA was isolated from buccal/oral
epithelial cells in saliva samples and extracted from saliva
following a pre-established protocol (23). The saliva tube was
centrifuged and supernatant was discarded. Extraction solution
(Tris- HC1 10 mmol/L, pH 7.8; EDTA 5 mmol/L; SDS 0.5%, 1 mL)
and proteinase K (100 ng/mL) was added to the tube. Afterwards,
for removal of non-digested proteins, ammonium acetate was
added and centrifugation performed. The DNA was precipitated
with isopropanol and washed with 70% ethanol. The tubes were
allowed to air-dry on an absorbent paper and DNA resuspended
in 100 pL of TE buffer (10 mmol/L Tris (pH 7.8) and 1 mmol/L
EDTA). The concentration and purity of DNA was determined
by spectrophotometry using NanoDrop 1000 (Thermo Scientific,
Wilmington, DE, EUA).

Genotyping was performed by Real-time polymerase chain
reactions (PCR) using TagMan probes (Applied Biosystems®,
7500 Real-Time PCR System, Thermo Fisher Scientific). The
allelic discrimination real-time PCR reactions were performed
in a total volume of 5 pL (5 ng DNA/reaction in H,O, 2.5
wL TagMan PCR master mix, 0.125 wL SNP assay; Applied
Biosystems). The thermal cycling was carried out by starting with
a hold cycle of 95°C for 10 min, followed by 40 amplification
cycles of 92°C for 15s and 60°C for 1 min. The SNPs selected
in this study were previously associated with alterations in PTH
serum level (14-16). Characteristics of the SNPs in the PTH gene
are summarized in Table 1.

TABLE 1 | Characteristics of studied SNPs in PTH gene.

SNP rs6256 rs307247 rs694
Position 13492506 13491931 13492870
Function Stop Gained (Arg > Stop codon) Downstream Variant Intron Variant
MAF# 0.12 0.41 0.39
Base change T>G G>A T>C
Function Minor allele decreases PTH serum Minor allele decreases PTH serum Minor allele decreases PTH serum
(Reference) levels levels levels
(14) (15) (16)

#Minor Allele Frequency. Information was obtained in https://www.ncbi.nim.nih.gov/snp/.
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TABLE 2 | Gender, age and biofilm distribution between phenotypes.

Phenotypes Sex Age Biofilm
Male (%) Female (%) p-value* Mean SD* p-valuer Mean SD p-valuef
Healthy vs. Dental caries ICDASq 92 (48.7) 97 (561.9) 0.48 8.95 0.92 0.47 175 0.30 0.0001
ICDAS_s 78 (47.6) 86 (52.4) 879 0.84 1.83 0.26
Healthy and non-cavitated caries lesion vs. Cavitated ICDASy_> 98 (48.3) 105 (561.7) 0.83 8.92 0.81 0.87 1.74  0.30 0.007
caries lesion
ICDASs-s 72 (48.0) 78 (52.0) 8.83 0.95 1.85 024

*Chi-square test. *Standard Deviation. T Student’s T test. Bold forms mean p-values < 0.05.

TABLE 3 | Allele and haplotype analysis.

SNPs Minor allele Frequencies of ICDASO vs. ICDAS1-6 Frequencies of ICDAS0-2 vs. ICDAS3-6
Control Cases p* Control Cases p*
rs6256 T 0.13 0.16 0.358 0.13 0.17 0.210
rs307247 A 0.38 0.36 0.632 0.38 0.36 0.782
rs694 C 0.47 0.45 0.618 0.47 0.45 0.728
Haplotypes Control Cases p* Control Cases p*
rs6256, rs307247 and rs694 G-A-C 0.36 0.38 0.554 0.37 0.28 0.705
T-G-T 0.16 0.13 0.330 0.16 0.13 0.234
G-G-C 0.09 0.07 0.620 0.08 0.08 0.708
G-G-T 0.37 0.39 0.681 0.36 0.39 0.475
rs6256 and rs694 T-T 0.16 0.14 0.335 0.17 0.13 0.213
G-C 0.45 0.47 0.726 0.45 0.47 0.730
G-T 0.37 0.38 0.724 0.36 0.39 0.570
rs6256 and rs307247 G-A 0.36 0.38 0.524 0.36 0.38 0.668
T-G 0.09 0.07 0.540 0.08 0.07 0.634
G-G 0.54 0.53 0.779 0.54 0.53 0.878
rs30724 and rs694 A-C 0.36 0.38 0.618 0.36 0.38 0.680
G-C 0.16 0.14 0.358 0.17 0.14 0.222
G-T 0.46 0.47 0.854 0.45 0.47 0.628

#PLINK compare the frequencies between the major allele by chi-square test. *PLINK compare the frequencies between expected number of haplotypes by fisher test.

For statistical analyses, SPSS software version 25.0 (SPSS Inc.
Chicago, IL, USA) was used. Chi-square test was applied for
evaluating Hardy-Weinberg equilibrium genotypic distribution.
Logistic regression adjusted by biofilm was also performed, and
alleles and haplotypes were analyzed by PLINK software. A p <
0.05 was considered statistically significant.

RESULTS

Three hundred and fifty-three children were included in this
study, 170 boys (48.2%) and 183 girls (51.8%). The mean age
of the sample was 8.88 years (SD = 0.88), 8.82 years for girls
(SD = 0.81), and 8.94 years (SD = 0.96) for boys. Biofilm was
significantly more abundant in the ICDAS;_¢ and ICDAS;_¢
groups (p < 0.05). Detailed information is reported in Table 2.

All studied SNPs were within the Hardy-Weinberg
equilibrium (p > 0.05). The amplification rate for rs6256
was 97.7% (n = 345), 94.3% for rs307247 (n = 333), and 98.0%
for rs694 (n = 346).

Allele distribution and haplotype analysis are shown in
Table 3. There was no association between alleles/haplotypes and
dental caries (p > 0.05).

Dental caries was not associated with any of the SNPs in
both comparisons (ICDAS, vs. ICDAS;_¢ and ICDAS;_; vs.
ICDAS)_¢) in genotype distribution (Table 4).

Multiple logistic regression adjusted by biofilm was also
performed, but the SNPs were not associated with dental caries
(Table 5).

ICDAS was also evaluated as a continuous variable,
however, no association also founded in this
analysis (data not shown).

was

DISCUSSION

To the best of our knowledge, this is the first study to evaluate
the association between SNPs in the PTH gene and dental caries
in Brazilian children. PTH influences tooth formation, since
the odontogenesis-related cells differentiate until dentin and
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TABLE 4 | Genotype distribution between Healthy vs. Dental caries (ICDAS, vs. ICDAS+_g) and Healthy and non-cavitated caries lesion vs. Cavitated caries lesion

(ICDAS_» vs. ICDAS;_g).

SNPS rs6256

rs307247

rs694

Genotypes Dominant Heterozygous p* Recessive p** Dominant Heterozygous p* Recessive p* Dominant Heterozygous p* Recessive p*

GG (%) GT (%) TT (%) GG (%)  GA (%) AA (%) TT (%) TC (%) CC (%)
ICDAS, 135 (55.6) (49 0) 0.266 1(100.0) 0.371 68(54.8) 85(50.3) 0.441 26(63.4) 0.336 49(52.7) 98(53.3) 0.928 40 (57.1) 0.571
ICDAS;_¢ 108 (44.4) 52 (51.0) 0(0.0) 56(45.2) 84 (49.7) 5 (36.6) 44(47.3) 86 (46.7) 30 (42.9)
ICDASo_» 146 (60.1) 51 (50.0) 0.808 1(100.0) 0.415 92 (54.4) 73 (58.9) 0.449 27 (65.9) 0.185 51(54.8) 107 (58.2) 0.598 41 (58.6) 0.634
ICDASs ¢ 97 (39.9) 1 (50.0) 0(0.0) 77(45.6)  51(41.1) 14 (34.1) 2452  77(41.8) 9 (41.4)

Chi-square test was performed, except in *, which was performed Fisher test. *In comparison with dominant genotype.

TABLE 5 | Multiple Logistic Regression adjusted by biofilm.

SNP Genotype Coefficient OR (CI 95%) p-value*

Healthy vs. Dental caries (ICDAS, vs. ICDAS1_5)

rs307247 GA 0.277 1.32 (0.85-2.04) 0.211
AA —0.452 0.63 (0.31-1.24) 0.193

rs694 TC 0.100 1.10 (0.72-1.69) 0.643
CC —0.008 0.99 (0.41-2.54) 0.985

Healthy and non-cavitated caries lesion vs. Cavitated caries

lesion (ICDAS_, vs. ICDAS; )

rs307247 GA 0.273 1.31 (0.84-2.05) 0.228
AA —0.352 0.70 (0.34-1.39) 0.324

rs694 TC —0.043 0.95 (0.61-1.48) 0.845
CC —0.050 0.95 (0.54-1.63) 0.855

*In comparison with dominant genotype. The regression was performed with each
genotype individually. A complete or quasi-complete data separation made it impossible
to analyze the rs6256 SNP.

enamel synthesis (4, 6, 7). There is evidence that odontoblasts,
cementoblasts and ameloblasts, specific cells of tooth formation,
express the PTH receptor 1 (PTHRI1) and are sensible to
PTH serum levels (7, 24). Although the effects of PTH on
cementoblasts and ameloblasts are not fully understood (24),
in vitro studies (7) and studies evaluating PTH-knockout mice
(6) indicate that PTH modulates the proliferative and apoptotic
responses of odontoblasts, suggesting that modifications in
PTH serum levels during odontogenesis can affect dentine
and enamel quality and increase the risk and progression
of dental caries (6, 7). However, more studies should be
developed to clarify the function of PTH in ameloblasts and
odontoblasts and its impact on dental caries susceptibility
and progression.

Although PTH serum levels have been investigated in a
variety of conditions (14-17), the relationship between PTH
serum levels and dental caries is not clarified yet. While Gyll
et al. (25) did not observe differences in PTH serum levels
between caries and caries-free children, on the other hand,
Schroth et al. (26) and Deane et al. (27) showed an increase
in PTH levels in children with Severe Early Childhood Caries,
apart from observing a decrease of calcium and 1,25-dihydroxy
vitamin D levels in these children. The authors suggest that

changes in PTH levels can unbalance the levels of inflammatory
mediators and un-regulate the host’s response to dental caries.
In fact, by a process not fully understood, the serum levels
of some pro-inflammatory proteins, like interleukin-6 (IL-6)
and IL-1PB, are greater in patients diagnosed with primary
or secondary hyperparathyroidism, a condition characterized
by hypersecretion of PTH (17, 28, 29). Interestingly, IL-
6 and IL-1B were already previously associated with dental
caries (30-32). Future studies should investigate salivary and
serum levels of these inflammatory proteins and PTH to
clarify the relationship between PTH and the process of
dental caries.

Calcium and 1,25-dihydroxy vitamin D homeostasis are
essential for the formation and maintenance of teeth (33).
In fact, low levels of calcium were already associated with
dental caries in children (26, 27, 34, 35), as well as low levels
of 1,25-dihydroxy vitamin D (36). Low calcium levels are
detected by extracellular calcium receptors in the parathyroid
glands, which increase PTH gene transcription and secretion.
Besides calcium, phosphate and 1,25-dihydroxy vitamin D
were also identified to regulate PTH gene transcription.
In bones, PTH stimulates receptor activator for nuclear
factor kappa-B ligand (RANKL) expression in osteoblasts,
which initiates the differentiation process of immature to
mature osteoclasts. This way, calcium is released into the
bloodstream by osteoclastic dissolution of organic materials like
hydroxyapatite (37, 38). Thus, PTH may indirectly interfere
in dental caries susceptibility through calcium and vitamin
D regulation.

Our hypothesis was that SNPs in the PTH gene that can
alter PTH serum levels would affect tooth-forming tissues
and, subsequently, later modify the host’s immunoinflammatory
response and the calcium regulation (14-17). We speculated
that SNPs in the PTH gene may influence the quality/quantity
and maintenance of tooth tissues, therefore increasing the
susceptibility and risk of progression to dental caries. rs6256,
rs307247, and rs694 SNPs were previously associated with a
decrease of PTH serum levels (14-17). Besides that, Kiichler
et al. (39) associated the rs6256, rs307247, and rs694 SNPs in
PTH with mandibular retrognathism in a Brazilian population.
In this study, dental caries was not associated with these
SNPs. A possible limitation of this study was that inflammatory
mediators, calcium, vitamin D, and PTH levels were not
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measured during the formation of the child’s dental tissue or
during clinical examination.
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