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Dental Caries, Developmental Defects of Enamel and Enamel 
Microhardness Associated with Genetic Polymorphisms in the 
RANK/RANKL/OPG System
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Purpose: Recent studies have suggested that disruptions in the RANKL/RANK/OPG system might be involved 
in enamel conditions. The aim of this study was to test whether genetic polymorphisms in RANK, RANKL and 
OPG are associated with dental caries, developmental defects of enamel (DDE) and enamel microhardness. 
Study design: Saliva samples were collected from two subsets for the purpose of genomic DNA extraction. 
In the first subset, composed of 248 children, dental caries and DDE were evaluated during their clinical 
examination. In the second subset, composed of 72 children, enamel samples from the buccal surface of 
primary teeth were used for enamel microhardness analysis. Genetic polymorphisms in RANK, RANKL and 
OPG were genotyped by real-time polymerase chain reactions in all samples from both populations. The chi-
square test was used for dental caries and DDE analysis while, one-way ANOVA with Tukey’s post-test was 
used for microhardness analysis. Hardy-Weinberg equilibrium was also calculated. The established alpha 
was 5%. Results: Caries experience analysis demonstrated a statistically-significant difference for OPG 
allele distribution in primary dentition (p=0.033). The studied polymorphisms in RANK, RANKL and OPG 
were not associated with DDE or enamel microhardness (p>0.05). Conclusion: The genetic polymorphism 
rs2073618 in OPG is associated with dental caries experience in primary dentition.
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INTRODUCTION

The receptor activator of nuclear factor-kB (RANK), RANK 
Ligand (RANKL) and osteoprotegerin (OPG) system was 
initially discovered through parallel efforts in the late 1990s. 

This system was identified as important to immunity via actions 
on dendritic cells1,2, and as essential to bone homeostasis through 
regulation of the activity of osteoclasts3,4. RANKL and OPG are 
members of the tumor necrosis factor (TNF) and TNF receptor 
(TNFr) superfamilies, respectively, and they bind to receptor acti-
vator of NF-kB (RANK)5.

In the past two decades, genetically deficient mice models have 
demonstrated that the RANK, RANKL and OPG system plays a 
critical role in bone metabolism and immunity. This system also 
contributes to organogenesis, homeostasis and the development of 
many disease conditions6. More recent studies have also revealed 
that this triad is related to dental development7-12. Sheng et al 12 
evaluated mice lacking OPG (Opg-/- mouse) and found different 
responses in dental mineralization and morphogenesis due to 
Opg gene deprivation. Ohazama et al 8 demonstrated that during 
mice’s odontogenesis, RANK, RANKL, and OPG showed dynamic 
expression patterns. Furthermore, the addition of exogenous OPG to 
explant cultures of tooth primordial resulted in a reduction of enamel 
mineralization and enamel defects, such as enamel hypoplasia.

Developmental defects of enamel (DDE) are a result of alter-
ations during amelogenesis and may be manifested as enamel hypo-
plasia, diffuse or demarcated enamel opacities or enamel hypomin-
eralization. Clinically, developmental enamel defects often present 
with problems of discoloration, esthetics and tooth sensitivity13. 
DDE is a common condition and is considered to be a non-carious 
defect, however, some studies have speculated that DDE increases 
the risk of dental caries in primary and permanent dentitions14-16.

So far, few studies8,12 have attempted to evaluate the role of 
RANKL, RANK and OPG system in the enamel development and 
clearly suggested that disruptions in this system might be involved 
in enamel defects in an animal model. The enamel phenotypes 
observed in the models of the mentioned studies above clearly 
support that RANK, RANKL and OPG system might be involved 
in DDE phenotype and enamel microstructures alterations. These 
observations lead to the hypothesis that polymorphisms in genes 
encoding human RANK, RANKL and OPG are associated with 
DDE, enamel microhraness alterations and consequently higher 
caries susceptibility in primary and/or permanent teeth. Therefore, 
this study aimed to evaluate whether genetic polymorphisms in 
RANK, RANKL and OPG are associated with alterations in enamel 
microhardness and the risk of DDE and dental caries.

MATERIALS AND METHOD

Samples
The Human Ethics Committees of the School of 

Dentistry of Ribeirão Preto of the University of São Paulo 
(#35323314.7.0000.5419) and the Health Department of Federal 
University of Rio de Janeiro (#333.167) approved this study. 
Informed written consent was obtained from the parents, and an 
age-appropriate assent document was used for every child.

Two data sets from children that sought dental treatment 
at public dental schools were available for this study. The first 

sample set was composed of 248 biologically unrelated children 
who sought treatment at the School of Dentistry of Ribeirão Preto, 
University of São Paulo, São Paulo state, Brazil. The second 
sample set was composed of 72 biologically unrelated children 
that sought treatment at the Federal University of Rio de Janeiro, 
Rio de Janeiro state, Brazil. Both cities are located in the southeast 
region of Brazil. Because of Brazilian immigration patterns, there 
are several different ethnic backgrounds in this region, which are 
mainly European and African descendants, a small percentage of 
Asian descendants and Native Americans.

Saliva samples for genomic DNA extraction were collected 
from both data sets and extracted as previously described17. Briefly, 
patients were instructed to rinse the mouth with 10 mL of saline and 
expectorating the rinse in a 50 mL propylene tube. The tubes were 
centrifuged to pellet the buccal cells. The supernatant was discarded 
and 1 mL of extraction solution containing proteinase K was added. 
After overnight incubation the non-digested proteins were removed 
by adding ammonium acetate. The DNA was precipitated with 
isopropanol. After centrifugation, the supernatant was poured off. 
The DNA was re-suspended in TE and quantification of the concen-
tration and purity of the DNA was determined by spectrophotometer 
(Nanodrop 1000; Thermo Scientific, Wilmington, DE, USA). The 
DNA was stored at -20°C until the real time polymerase chain reac-
tion (PCR) analysis.

Information on demographic data was obtained through a ques-
tionnaire on oral hygiene habits (frequency of tooth brushing and 
dental flossing), and frequency of sweet intake between meals.

Clinical examination for dental caries experience 
and DDE

This sample included 248 children from Ribeirão Preto, with 
ages ranging from 4 to 12 years. Three trained, experienced Pedi-
atric Dentists (CPM, RABS and PNF) performed the clinical exam-
ination. Dental caries was diagnosed by visual examination and 
registered if there was a visual evidence of loss of tooth structure 
(cavitation), using a modified World Health Organization protocol 
recommended for oral health surveys18. Dental caries was assessed 
by the dmft and DMFT indexes (decayed, missing teeth due to 
caries and filled teeth, for primary and permanent dentition respec-
tively). DDE were diagnosed using the modified DDE index based 
on the federation dentaire internationale recommendation (FDI)19. 
The patient was considered to have DDE if he or she presented at 
least one primary or permanent tooth affected by DDE, as presented 
in Figure 1.

Enamel microhardness analysis
This assay was performed on exfoliated primary teeth (51 

molars, 15 incisors, and 6 canines) of 72 children (41 boys and 31 
girls) from Rio de Janeiro with ages ranging from 4 to 12 years. The 
enamel samples from the buccal surface were submitted to enamel 
microhardness analysis as previously described by Romanos et 
al (2015)20. Each enamel block was submitted to microhardness 
analysis using a microhardness tester (IndentaMet 1100 Series, 
Buehler Ltd., Lake Bluff, IL, USA) with a knop diamond under 
a load of 25 grams for 10 seconds. Five indentations spaced 100 
mm away from each other were made. The data were analyzed as 
continuous variables.
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Genotype analysis
The characteristics of the genetic polymorphisms in RANK, 

RANKL and OPG are presented in Table 1. The genetic polymor-
phisms in RANK and RANKL are located in intron while the genetic 
polymorphism in OPG is a missense polymorphism (Lysine>Aspar-
agine). were genotyped by real-time PCR using the TaqMan assay 
(step OnePlus Real-Time PCR System (Applied Biosystems, Foster 
City, USA).

Statistical Analysis
Data were analyzed using Epi Info 7 (Epi Info 7 software, 

Atlanta, GA, USA) and GraphPad Prism 5.0a package (Graph-Pad, 
San Diego, CA, USA). For dental caries evaluation the individuals 
were divided into ‘Caries Free’ and ‘Caries Experience’ groups. For 
DDE evaluation, they were divided into ‘Without DDE’ and ‘With 
DDE’ groups. Comparisons between these groups were performed 
using the chi-square test to compare allele and genotype distribu-
tions among the groups. The odds ratio was used to calculate the 
probability among these groups.

The microhardness data were evaluated as continuous data. 
The Shapiro–Wilk test was used to verify the normality of the data. 
One-way ANOVA with Tukey’s post-test was used for comparisons 
of microhardness means and standard deviations (SD) among geno-
types. The established alpha was 5%.

Hardy-Weinberg equilibrium was evaluated using the chi-square 
test within each polymorphism.

RESULTS

Caries and DDE
Among the 248 included children, 134 were boys and 114 were 

girls. The mean age was 7.6 (Standard Deviation= 2.8 years). One 
hundred sixty-six children had caries experience in at least one 
primary tooth and 115 children had caries experience in at least one 
permanent tooth. The mean dmft score was 5.0 (SD 3.8) and scores 
ranged from 0 to 23. All the children used fluoride tooth paste. Sweet 
consumption between meals was reported in 50.4% (n=125) of the 

children. Thirty-five (16.4%) brushed their teeth once a day and 213 
(83.6%) two or more times per day. Two hundred and one (81.1%) 
children brushed their teeth before sleep. Eighty-nine (35.9%) chil-
dren used dental floss daily.

Age, ethnicity, use of dental floss and sweet intake between 
meals showed no statistically-significant difference between the 
caries free and caries experience groups (p>0.05). DDE was not 
associated with dental caries (p>0.05).

Table 2 demonstrates genotype and allele distribution for RANK, 
RANKL and OPG polymorphisms for primary and permanent denti-
tion. A statistically-significant difference was observed only for 
OPG (rs2073618) allele distribution in primary dentition, in which 
the C allele was associated with caries free (p=0.033; OR=0.59, CI 
95% 0.36- 0.96). The genotype and allele distributions of the genetic 
polymorphisms rs3826620 in RANK and rs9594738 in RANKL were 
not associated with caries experience, neither in primary dentition, 
nor in permanent dentition (p>0.05).

Fifty-five (22.17%) children presented DDE in at least one tooth. 
The most affected tooth was first permanent molars (31 children 
had at least one permanent first molar affected by DDE), followed 
by permanent incisors (17 children had at least permanent incisor 
affected by DDE). Seven children had at least one primary tooth 
affected by DDE. Forty-six children had two or DDE affected teeth. 
Table 3 shows the genotype and allele distribution among the groups 
with DDE and without DDE. The genotype and allele distributions 
of the studied polymorphisms rs9594738 in RANK, rs9594738 in 
RANKL and rs2073618 in OPG were not statistically significant 
associated with DDE (p>0.05).

Microhardness Analysis
The mean enamel microhardness according to the genotype 

is shown in Figure 2. In RANK, the mean enamel microhardness 
was 245.4 Kg/mm2 (SD 67.8) in GG genotype, 233.1 Kg/mm2 (SD 
68.2) in GT genotype, and 207.8 Kg/mm2 (SD 56.0) in TT genotype 
(p>0.05). In RANKL, the mean enamel microhardness was 231.1 
Kg/mm2 (SD 79.3) in CC genotype, 240.5 Kg/mm2 (SD 81.6) in CT 
genotype and 243.5 Kg/mm2 (SD 37.2) in TT genotype. In OPG, the 
mean enamel microhardness was 244.0 Kg/mm2 (SD 65.8) in CC 
genotype, 235.0 Kg/mm2 (SD 65.8) in CG genotype and 220.3 Kg/
mm2 (SD 92.2) in GG genotype. The mean enamel microhardness 
was not associated with any genotype of the studied polymorphisms 
(p>0.05).

Figure 1. Modified developmental defects of the enamel index.

Table 1. Description of the studied genetic variations.
Gene Variant Chromosome Location Base changed Average heterozygosity standard error

RANK rs3826620 18q21.33 G/T 0.454 +/- 0.144

RANKL rs9594738 13q14.11 C/T 0.407 +/- 0.194

OPG rs2073618* 8q24.12 C/G 0.444 +/- 0.157

Note: Obtained from databases: http://www.ncbi.nlm.nih.gov; http://genome.ucsc.edu. MAF: Minor allele frequency; bold form indicates 
mutant allele. *Missense variant (Lys>Asn).
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Figure 2. Enamel microhardness (Kg/mm2) distribution according to the genotypes: A- RANK; B-RANKL; 
and C- OPG genes.

Table 2. Genotype and allele distribution among caries free and caries experience groups in primary and permanent teeth. 

Dentition Groups
Genotype n (%) Allele n (%)

AA Aa aa p-value A a p-value
RANK rs3826620

Primary teeth Caries Free 23 (48.9) 21 (44.7) 3 (6.4)
0.580

67 (71.3) 27 (28.7)
0.408Caries experience 70 (43.2) 74 (45.7) 18 (11.1) 214 (66) 110 (34)

Permanent teeth Caries Free 38 (53.5) 27 (38.0) 6 (8.5)
0.282

103 (72.5) 39 (27.5)
0.166Caries experience 47 (41.6) 53 (46.9) 13 (11.5) 147 (65.0) 79 (35.0)

RANKL rs9594738
Primary teeth Caries Free 19 (40.4) 19 (40.4) 9 (19.1)

0.445
57 (60.6) 37 (39.4)

0.962Caries experience 59 (35.8) 83 (50.3) 23 (13.9) 201 (60.9) 129 (39.1)

Permanent teeth Caries Free 28 (38.9) 33 (45.8) 11 (15.3)
0.868

89 (61.8) 55 (38.2)
0.760Caries experience 40 (35.1) 56 (49.1) 18 (15.8) 136 (59.6) 92 (40.4)

OPG rs2073618
Primary teeth Caries Free 23 (48.9) 19 (40.4) 5 (10.6)

0.132
65 (69.1) 29 (30.9)

0.033*Caries experience 59 (35.8) 70 (42.4) 36 (21.8) 188 (57.0) 142 (43.0)

Permanent teeth Caries Free 28 (39.4) 29 (40.8) 14 (19.7)
0.939

85 (59.9) 57 (40.1)
0.978Caries experience 47 (40.3) 44 (38.3) 24 (20.9) 138 (60.0) 92 (40.0)

Note: AA means the common homozygotic, Aa the heterozygotic, and aa the uncommon homozygotic.
*Means statistical significance difference (p<0.05).

Table 3. Genotype and allele comparisons between DDE and without DDE groups.  
Genotype  n (%) Allele  n (%)

Groups AA Aa aa p-value A a p-value
RANK rs3826620

Without DDE 80 (42.3) 90 (47.6) 19 (10.1)
0.323

250 (66.1) 128 (33.9)
0.410

With DDE 29 (52.7) 20 (36.4) 6 (10.9) 78 (70.9) 32 (29.1)

RANKL rs9594738
Without DDE 74 (38.5) 91 (47.4) 27 (14.1)

0.416
239 (62.2) 145 (37.8)

0.405
With DDE 16 (29.1) 31 (56.4) 8 (14.5) 63 (57.3) 47 (42.7)

OPG rs2073618
Without DDE 72 (37.5) 83 (43.2) 37 (19.3)

0.956
227 (59.1) 157 (40.9)

0.996
With DDE 20 (36.4) 25 (45.5) 10 (18.2) 65 (59.1) 45 (40.9)

Note: AA means the common homozygotic, Aa means the heterozygotic, and aa means the uncommon homozygotic.
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DISCUSSION
In the present study, an association between the genetic poly-

morphism rs2073618 in OPG and caries experience in primary 
dentition was observed. This polymorphism is a leads to a Lysine 
aminoacid replacement by an Asparagine. This aminoacid substitu-
tion could increase the primary enamel susceptibility to caries. The 
critical role of the RANK/RANKL/OPG system in development is 
reinforced by cases of genetic alterations observed in patients, such 
as juvenile Paget’s disease21 and idiopathic hyperphosphatasia22. In 
a case report presenting juvenile Paget’s disease with heterozygous 
duplication in RANK, the patient presented remarkable dental alter-
ations in primary and permanent dentitions. Both dentitions were 
described with shape alterations, large pulp chambers and poorly 
mineralized tissues, and some teeth also presented DDE23. In indi-
viduals with chronic idiopathic hyperphosphatasia, dental alteration 
descriptions included generalized enamel hypoplasia24. These dental 
findings could be explained by the disruption of the interaction 
between RANK and RANKL which affects the temporal program 
of odontogenesis8.

OPG, RANK and RANKL are closely linked with each other, 
in which OPG acts as a soluble decoy receptor and competes with 
RANK for binding to RANKL3. In molars from mice embryos, 
OPG and RANK were expressed from the internal and the external 
enamel epithelium when the bud epithelium progressively takes 
the form of the cap configuration and develops into the internal 
and the external enamel epithelium8. Additionally, the cell culture 
result has shown that RANKL is expressed in dental follicle cells 
of mice7. A study of primary human teeth demonstrated, through 
immunohistochemical study, that RANKL is presented in odon-
toblasts, odontoclasts, periodontal ligament cells, and pulp fibro-
blasts25. Our results also support the role of this system in human 
primary tooth enamel development in an allele dependent manner, 
once the polymorphism in OPG was associated with caries, in 
which children carrying the C allele had a lower chance of having 
caries experience. The genetic polymorphism in OPG evaluated 
here is a missense mutation. Our results suggest that the change of 
Lysine to Asparagine could alter the enamel, favoring the increase 
of caries susceptibility in primary teeth.

In a previous study with opg_/_ knockout mice, the micro-com-
puted tomography analysis showed significantly lower bone mineral 
density of alveolar bone in comparison with wild type mice12. 
Another study that evaluated the effects of OPG on the mechan-
ical properties of rat bone also demonstrated that OPG increased 
femoral mineralization and strength indices26. In our study, an 
association between enamel microhardness and polymorphisms in 

RANK, RANKL and OPG was not observed. However, the wide 
range of age of the microhardness sample could be a limitation of 
our study, once the maturity of enamel changes with age27. Inter-
estingly, although Sheng et al. (2010)12 found lower bone mineral-
ization in Opg_/_ knockout mice, higher degrees of mineralization 
were observed in the enamel and dentin analysis. More functional 
and epidemiological studies should be performed in order to better 
understand the role of RANK, RANKL and OPG in the enamel and 
dentin mineralization in humans.

Ohazama et al (2004)8 observed that the addition of exogenous 
OPG to explant cultures of E12 mice tooth primordial led to a delay 
in tooth development. When the explants were transplanted under 
kidney capsules to allow full tooth development, the OPG-treated 
teeth showed thinner dentin and enamel, with enamel defects such 
as hypoplasia. Enamel hypoplasia is a quantitative defect associated 
with the reduction of enamel thickness formed during the secre-
tory stage of amelogenesis28,29. We did not observe an association 
between genetic polymorphisms in RANK, RANKL and OPG, but it 
is possible that other genetic polymorphisms in these genes may be 
associated with DDE.

Socio-demographic and behavioral variables were not asso-
ciated with caries experience in the present study. However, it is 
possible that the lack of association was due to the fact that the 
socio-demographic and behavioral variables were collected through 
a questionnaire, which could be a limitation or bias in our study 
due to the reporting reliability of the parents and guardians. Other 
important limitation of our study is the lack of information regarding 
pre-peri-and post-natal conditions and their association with DDE. 
Although the results from previous studies are conflicting30, it 
is possible that prenatal or early childhood health factors are 
involved with DDE only in individuals that carry a specific genetic 
background.

Researchers have been discovering new phenotypes related to 
the triad RANK/RANKL/OPG. Therefore, further studies should 
be performed in order to evaluate this pathway in oral and dental 
phenotypes.

CONCLUSION
The genetic polymorphism rs2073618 in OPG gene was associ-

ated with dental caries experience in primary dentition, while RANK 
rs3826620 and RANKL rs9594738 polymorphisms did not show any 
association with dental caries. The studied polymorphisms in RANK, 
RANKL and OPG were not associated with DDE nor microhardness.
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