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Pozza, OA. Estudo de Associação entre polimorfismos genéticos nos genes DR2D, 
ANKK1, COMT e 5-HTT com Disfunção Temporomandibular. [Tese de doutorado].  
Curitiba: Universidade Positivo; 2022. 
 

RESUMO 
 

Introdução: As DTMs têm etiologia multifatorial, sendo a genética também um fator 
predisponente. O objetivo deste estudo foi verificar a associação da interação de 
polimorfismos nos genes DR2D, ANKK1, COMT e 5-HTT com as Disfunções 
Temporomandibulares. Materiais e Métodos: Foi realizado um estudo transversal com 
um total de 249 adolescentes, com idade entre 10 e 14 anos, de ambos os gêneros. Destes, 
149 adolescentes com diagnóstico de DTM (Grupo Caso) e 100 adolescentes não 
acometidos (Grupo Controle). O DNA genômico para análise molecular foi extraído de 
células bucais com base no método descrito por Kuchler et al. Os polimorfismos (SNPs) 
foram selecionados consultando o site do International HapMap Project 
(www.hapmap.org). Foram selecionados dois SNPs do gene DRD2 (rs6275 e rs6276), 
um SNP do gene ANKK1 (rs1800497), dois SNPs do gene COMT (rs6269 e rs4818) e 
dois SNPs do gene 5-HTT (rs3813034 e rs1042173). O teste do qui-quadrado foi aplicado 
para analisar o Equilíbrio de Hardy-Weinberg e comparar as frequências alélicas e 
genotípicas. O teste exato de Fisher compara as frequências dos haplótipos pelo PLINK 
versão 1.06 (https://zzz.bwh.harvard.edu/plink/ld.shtml). Foi realizada regressão de 
Poisson para análise multivariada ajustada por sexo e idade, obtendo-se Razão de 
Prevalência (RP) e Intervalo de Confiança de 95% (IC 95%). O IBM SPSS versão 25.0 
(IBM Corp. Armonk, EUA) foi utilizado para realizar esta análise, e valores de p<0,05 
indicam diferença estatística. A redução de dimensionalidade multifatorial (MDR) 
ajustada por sexo e idade foi aplicada para identificar interações SNP-SNP, 
(sourceforge.net/projects/mdr/files). O MDR executa uma consistência de validação 
cruzada de 10 vezes (CVC), testando a precisão do balanceamento (TBA) e o teste de 
1000 permutações para determinar a significância estatística dos modelos. Modelos com 
consistência de validação cruzada de 9/10 ou 10/10 e TBA > 0,55 e p ≤ 0,05 foram 
considerados os melhores modelos. Os valores de entropia foram calculados e o gráfico 
de interação criado pelo MDR. Resultados: Não há associação entre DTM e 
polimorfismo genético estudado nos genes ANKK1, COMT e 5HTT em ambos os 
modelos alélicos (p>0,05). Na distribuição dos genótipos nos diferentes modelos: 
codominante, dominante e recessivo, também não houve associação entre genes e DTM. 
Para investigar a interação SNP x SNP, a análise de haplótipos foi realizada e três 
combinações possíveis de alelos de locus único foram obtidas: rs6275|rs6276 em DRD2, 
rs6269|rs4818 em COMT e rs38133034|rs1042173 em 5-HTT, nenhum dos quais foi 
associado a DTM (p>0,05). A análise diplotípica foi utilizada para investigar a variante 
específica de todas as combinações possíveis de genótipos de locus único nos 
cromossomos estudados. Nenhuma das combinações de diplótipos evidenciou aumento 
da probabilidade de DTM (p>0,05). Na análise de redução de dimensionalidade 
multifatorial entre genes (MDR) para interações gene-gene, a melhor combinação de SNP 
com o maior valor de precisão balanceado foi rs6275 (DRD2), rs6269 (COMT), 
rs1042173 (5HTT) (p=0,050). Assim, essa combinação revela uma relação sinérgica entre 
esses polimorfismos e predispõe à DTM. Conclusão: A análise MDR fornece evidências 
de que a combinação entre os polimorfismos genéticos nos genes DRD2 COMT e 5-HTT 
predispõe à DTM. 
Palavras chave: Polimorfismos genéticos, dor, distúrbios da articulação 
temporomandibular, doenças da ATM. 
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Pozza OA.  Association study between genetic polymorphisms in the DR2D, ANKK1, 
COMT and 5-HTT genes with Temporomandibular Disfunction. [Thesis]. Curitiba: 
Universidade Positivo; 2022. 

ABSTRACT 

Introduction: TMD's have a multifactorial etiology, and genetics is also a predisposing 
factor. The aim of this study was to verify the association of the interaction of 
polymorphisms in the DR2D, ANKK1, COMT and 5-HTT genes with 
Temporomandibular Disorders. Materials and Methods: A cross-sectional study was 
carried out with a total of 249 adolescents, aged between 10 and 14 years, of both genders. 
Of these, 149 adolescents diagnosed with TMD (Case Group) and 100 adolescents 
unaffected (Control Group). Genomic DNA for molecular analysis was extracted from 
buccal cells based on the method describe by Kuchler et al. The polymorphisms (SNPs) 
were selected by consulting the website of the International HapMap Project 
(www.hapmap.org). Two SNPs of the DRD2 gene (rs6275 and rs6276), one SNP of the 
ANKK1 gene (rs1800497), two SNPs of the COMT gene (rs6269 and rs4818) and two 
SNPs of the 5-HTT gene (rs3813034 and rs1042173) were selected. Chi-square test was 
applied to analyze the Hardy-Weinberg Equilibrium, and compare the allele and genotype 
frequencies. Fisher exact test compare the haplotype frequencies by PLINK version 1.06 
(https://zzz.bwh.harvard.edu/plink/ld.shtml). Poisson regression was performed to 
multivariate analysis adjusted by sex and age, and Prevalence Ratio (PR) and 95% 
Confidence Interval (95% CI) were obtained. The IBM SPSS version 25.0 (IBM Corp. 
Armonk, USA), was used to perform theses analysis, and values of p<0.05 indicate 
statistical difference. Multifactor dimensionality reduction (MDR) adjusted by sex and 
age was applied to identify SNP-SNP interactions, (sourceforge.net/projects/mdr/files). 
MDR perform a 10-fold cross-validation consistency (CVC), testing balancing accuracy 
(TBA), and the 1000 permutation test to determine the statistical significance of the 
models. Models with the cross-validation consistency of 9/10 or 10/10 and the TBA > 
0.55 and p ≤ 0.05 were considered as the best models. Entropy values were calculated 
and MDR created interaction graph. Results: There is no association between TMD and 
genetic polymorphism studied in ANKK1, COMT and 5HTT genes in both allelic models 
(p>0.05). In the distribution of genotypes in different models: codominant, dominant and 
recessive, there was also no association between genes and TMD. To investigate the SNP 
x SNP interaction, haplotype analysis was performed and three possible combinations of 
single-locus alleles were obtained: rs6275|rs6276 in DRD2, rs6269|rs4818 in COMT and 
rs38133034|rs1042173 in 5-HTT, none of which were associated to TMD (p>0.05). 
Diplotype analysis was used for investigated the specific variant of all possible 
combinations of single-locus genotypes on the studied chromosomes. None of the 
diplotypes combinations evidenced an increased probability of TMD (p>0.05). In the 
multifactorial dimensionality reduction between genes (MDR) analysis for gene-gene 
interactions, the best combination of SNP with the highest balanced accuracy value was 
rs6275 (DRD2), rs6269 (COMT), rs1042173 (5HTT) (p=0.050) . Thus, this combination 
reveals a synergistic relationship between these polymorphisms and predisposes to TMD.    
Conclusion: MDR analysis provides evidence that the combination between genetic 
polimorphism in DRD2 COMT and 5-HTT genes predisposed to TMD.  
Key words: Genetic polymorphisms, pain, temporomandibular joint disorders, TMJ 
diseases.
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INTRODUÇÃO 

 
O termo desordem temporomandibular (DTM), adotado e sugerido pela ADA 

(American Dental Association) em 1983 abrange um grupo de condições 

musculoesqueléticas e neuromusculares envolvendo dor e/ou disfunção na articulação 

temporomandibular (ATM), nos músculos mastigatórios e em todos os tecidos 

relacionados (Leeuw, 2010; Kapos et al., 2020). As disfunções temporomandibulares 

incluem vários distúrbios que podem levar à dor orofacial (Ahmad & Schiffman, 2016), 

são frequentemente associadas à restrição da abertura bucal, desvios dos movimentos 

mandibulares e ruídos articulares (Okeson, 2000). Ocorrem mais frequentemente em 

pacientes adultos, podendo atingir mais de 75% dos indivíduos (Egermark et al., 2001;  

Thilander, 2002), na maioria mulheres na faixa etária dos 30 anos (Bove, 2005). Em 

crianças e adolescentes também observam-se sinais e sintomas de DTM, em torno de 16% 

( Godoy et al., 2007) a 68% (Sönmez et al., 2001) sendo que os mais comuns em crianças 

são a dor na região da ATM, sensibilidade à palpação, fadiga ou irritação nos músculos 

associadas à articulação, sons e limitação durante o movimento mandibular (Morawa et 

al., 1985). 

 Ocorrendo de maneira semelhante nas crianças, adolescentes e adultos (Al-

Khotani et al., 2016), as DTMs têm etiologia multifatorial (Leeuw, 2010; Suvinen, et al., 

2005), com a existência de fatores iniciadores, predisponentes e perpetuantes. Os fatores 

iniciadores são aqueles que levam ao aparecimento da patologia, os predisponentes 

aumentam o risco do indivíduo em apresentar o problema, e os fatores perpetuantes 

interferem com a cura ou aumentam a progressão da patologia. 

 Os sinais e sintomas das DTMs, seja em adultos, adolescentes ou crianças, limitam 

e até incapacitam as atividades do indivíduo, apresentando-se como a principal causa de 

dor não dentária na região orofacial (Bertoli, et al., 2009). 
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Evidências de Envolvimento de Fatores Genéticos Associados a Disfunção 

Temporomandibular 

 
 
Em 2001, o primeiro estudo investigando a correlação entre DTM e polimorfismo 

genético foi publicado (Herken et al., 2001). Os autores avaliaram, em turcos, o gene 

transportador de serotonina (5-HTT) e não encontraram correlação significativa. Na mesma 

população, outro estudo (Mutlu et al., 2004) encontrou evidências de associação entre o 

polimorfismo de nucleotídeo único (SNP) T102C do receptor de serotonina (5-HT2A) e 

indivíduos com DTM. Uma clara associação entre (5-HTT) e DTM também foi encontrada, 

avaliando uma população japonesa (Ojima et al., 2007). Em 2008, a Academia Americana 

de Dor Orofacial introduziu o conceito de que fatores genéticos estão associados com as 

DTMs (Leeuw, 2010). 

A partir de então inúmeros estudos confirmaram a associação entre o background 

genético dos indivíduos e DTMs. Um estudo de caso-controle (Smith et al, 2011), 

investigou um número grande de genes relacionados à dor, fornecendo evidências de que 

a DTM crônica é influenciada por contribuições genéticas, incluindo NR3C1, CAMK4, 

CHRM2, IFRD1, GRK5, HTR2A e COMT. Em 2019, o polimorfismo genético rs6275 no 

gene DRD2 foi associado ao deslocamento de disco em adolescentes brasileiros (Franco, 

et al., 2019). Outro trabalho (Jounger et al., 2021) investigando se polimorfismos de 

nucleotídeo único (SNPs) relacionados à neurotransmissão monoaminérgica contribuem 

para a percepção da dor em pacientes com DTM, encontrou correlação positiva em 

polimorfismo no gene HTR3A com a contribuição para a intensidade da dor em DTM. 

Avaliando pacientes brasileiros do sexo masculino, Baratto et al. (2022) 

encontraram que polimorfismos genéticos em DRD2 e ANKK1 podem influenciar os sinais 

e sintomas de DTM em pacientes do sexo masculino. Em recente revisão sistemática, foi 
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avaliada a sobreposição genética entre migrânea e as DTMs (Cruz, et al., 2022) e os 

resultados revelaram a associação entre  o gene ESR1 (estrogênio) no perfil genético de 

ambas as condições clínicas, e o gene COMT (Catecol-O-Metiltransferase), que 

demonstrou ter um papel extremamente relevante na origem das DTMs, porém, nenhuma 

associação com migrânea foi encontrada. 

 

Genes DRD2, ANKK1, COMT e 5-HTT  
 
  

A dopamina é um neurotransmissor envolvido no controle motor, função endócrina, 

recompensa, cognição e emoção. Seus receptores, localizados na membrana celular, estão 

acoplados à proteína G e desempenham um papel importante na mediação dos efeitos da 

dopamina no sistema nervoso central (Oak et al., 2000). Tais receptores, denominados 

DRD1, DRD2, DRD3, DRD4 e DRD5 são codificados pelo gene nomeado com DRD. 

Diversos estudos já relacionaram polimorfismos genéticos em DRD2 com DTM. 

O ANKK1 (Ankyrin Repeat Domain Containing One) é outro gene que codifica 

proteínas responsáveis pela transdução de sinais, e está intimamente ligado ao gene DRD2. 

A associação de variantes funcionais nos genes ANKK1 (rs1800497), DRD2 (rs6275 e 

rs1799732) e DBH (rs7239728 e rs1611115) com suscetibilidade à migrânea, foi estudada 

em 2013 (Jayashri, et al., 2013). Neste trabalho, sugeriu-se um papel significativo do 

polimorfismo ANKK1 e do polimorfismo DBH rs7239728 na migrânea, e um papel 

protetor do polimorfismo DRD2 rs6275. Em 2015, Luo, et al. associaram, de maneira 

significativa, os genes DRD2 e ANKK1 ao deslocamento de disco e à etiologia da DTM. 

O gene COMT, catecol-O-metiltransferase, codifica a principal enzima que degrada 

as catecolaminas (dopamina, epinefrina e norepinefrina). Slade et al (2015), em um estudo 

observacional, mostraram a influência do estresse psicológico e do gene COMT no risco 

de DTM. Recentemente Brancher, et al. (2019) demonstraram que polimorfismos 
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genéticos em 5HTT e COMT foram associados à DTM em adolescentes. O mesmo trabalho 

também associou o polimorfismo na COMT à ansiedade em adolescentes. Bonato et al. 

(2019) relacionaram polimorfismos no gene COMT em indivíduos com DTM à dor 

miofascial associada a outras artralgias crônicas. 

A serotonina (5-HTT, 5-hidroxitriptamina) é um neurotransmissor que desempenha 

um papel crítico em uma ampla gama de processos neurobiológicos (Berger et al., 2009), 

sendo muito importante na regulação de praticamente todas as funções cerebrais. A 

desregulação do sistema serotoninérgico tem sido implicada na patogênese de muitos 

distúrbios psiquiátricos e neurológicos (Roth & Xia, 2004).  Em um estudo de caso-

controle, Bayerer, et al (2010), avaliaram a possível associação entre os polimorfismos do 

gene rs2066713 e rs1979572 do transportador de 5-HT (5-HTT) e diferentes fenótipos de 

migrânea. Nos resultados apresentados, indicaram que o gene 5-HTT estava envolvido na 

etiologia poligênica da migrânea com aura, e sugeriram que as mulheres são mais 

propensas a serem clinicamente afetadas por mutações no gene 5-HTT do que os homens, 

encontrando uma associação genética para o alelo A de rs1979572 para migrânea com aura, 

especialmente em mulheres, bem como uma prevalência significativamente menor para 

portador do alelo A de rs2066713 em mulheres. Em uma população japonesa, um estudo 

revelou a associação genômica do polimorfismo de nucleotídeo único do receptor 5-HT2A 

com o bruxismo do sono, especificamente o alelo C de rs6313 (Yuka et al., 2012). Um 

estudo de 2013, em pacientes brasileiros, encontrou evidências de associação entre o 

polimorfismo 102T-C no gene HTR2A e DTM (de Freitas et al., 2013). Na conclusão, os 

autores reiteraram a necessidade da validação do resultado em uma amostra maior, também 

pediram cautela na extrapolação destes resultados em outros grupos étnicos. 
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PROPOSIÇÃO 

 

Este estudo caso-controle tem como objetivo avaliar se polimorfismos de 

nucleotídeo único dos genes DRD2 (rs6275, rs6276), ANKK1 (rs1800497), COMT 

(rs6269, rs4818) e 5-HTT (rs38133034 e rs1042173) interagem para aumentar o risco de 

desenvolvimento de Disfunção Temporomandibular em uma população de adolescentes.  
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Abstract  

Introduction: TMD's have a multifactorial etiology, and genetics is a predisposing 
factor. The aim of this study was to verify the association between Single Nucleotides 
Polymorphisms (SNPs) in the DR2D, ANKK1, COMT and 5-HTT genes with 
Temporomandibular Disorders (TMDs). Materials and Methods: A cross-sectional 
study was carried out with a total of 249 adolescents, aged between 10 and 14 years, both 
genders, 149 adolescents affected by TMD (Case Group) and 100 unaffected (Control 
Group). Genomic DNA for molecular analysis was extracted from buccal cells and SNPs 
were selected by International HapMap Project (www.hapmap.org) and SNPs in DRD2 
(rs6275 and rs6276), ANKK1 (rs1800497), COMT (rs6269 and rs4818) and 5-HTT genes 
(rs3813034 and 1042173) were selected. Chi-square test was applied to analyze the 
Hardy-Weinberg Equilibrium, and compare the allele and genotype frequencies. Allelic 
and genotypic distribution, haplotype and diplotype analisys were performed in PLINK 
software version 1.06. Multifactor dimensionality reduction (MDR) was applied to 
identify SNP-SNP interactions. Models with the cross-validation consistency of 9/10 or 
10/10 and the TBA > 0.55 and p ≤ 0.05 were considered as the best models. Entropy 
values were calculated and MDR created interaction graph. Results: There is no 
association between TMD, and genetics polymorphisms studied in DRD2, ANKK1, 
COMT and 5HTT genes in both allelic and genotypic models (p>0.05). Three possible 
combinations of single-locus alleles were obtained for haplotype and diplotype analysis 
(rs6275|rs6276 in DRD2, rs6269|rs4818 in COMT and rs38133034|rs1042173 in 5-HTT) 
and none of which were associated to TMD (p>0.05). In the MDR analysis for gene-gene 
interactions, the best combination of SNP with the highest balanced accuracy value was 
rs6275 (DRD2), rs6269 (COMT), rs1042173 (5HTT) (p=0.050). This combination 
reveals a synergistic relationship between these polymorphisms and predisposes to TMD.    
Conclusion: MDR analysis provides evidence that the combination between genetic 
polymorphisms in DRD2, COMT and 5-HTT genes predisposed to TMD.  
 
Key words: Genetic polymorphisms, pain, temporomandibular joint disorders, TMJ 
diseases.  
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Introduction 
 

The term temporomandibular disfunction (TMD) encompasses a group of 

musculoskeletal and neuromuscular conditions involving pain and/or dysfunction in the 

temporomandibular joint (TMJ), masticatory muscles and all the related tissues.1,2 TMD's 

are frequently associated with parafunctional habits, muscular dysfunction, psychological 

conditions like stress, depression and anxiety 3 and characterized by opening restriction, 

mandibular movement deviations and joint noises.4  They occur more frequently in adult 

patients, reaching more than 75% of individuals5,6, mostly women aged 30 years7. In 

children and adolescents, signs and symptoms of TMD are also observed, around 16% 8 

to 68%, 9 and they are most common in children being pain in the TMJ region, tenderness 

to palpation, fatigue or irritation in the associated muscles to articulation, sounds and 

limitation during mandibular movement.10 

TMD's have a multifactorial etiology,2,11 with the existence of initiating, 

predisposing and perpetuating factors. The initiating factors are those that lead to the 

onset of the pathology, the predisposing factors increase the individual's risk of having 

the problem, and the perpetuating factors interfere with the cure or increase the 

progression of the pathology. The signs and symptoms of TMDs, whether in adults, 

adolescents or children, limit and even incapacitate the individual's activities, presenting 

themselves as the main cause of non-dental pain in the orofacial region.11 

In recent years, our research group has investigated the prevalence of TMD in a 

population of adolescents in Curitiba, Brazil. Almost 1000 adolescents were examined 

and the prevalence of TMD symptoms was 36.9%.12 Interesting that high or moderate 

anxiety levels were founded in 82.6% of adolescents and those who have high anxiety 

levels have 3.25 times more prevalence of TMD symptoms. Once TMD was associated 

with anxiety in the studied sample, the next step was to investigate the association 
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between TMD symptoms and single nucleotide polymorphisms (SNPs) in genes 

associated with anxiety. In this sense, we search for possible genes that regulate the 

endogenous mechanisms of pain, stress, and anxiety and chose four to be studied: 

Dopamine Receptors (DRD2), Ankyrin Repeat and Kinase Domain Containing 1 

(ANKK1), Catechol-O-Methyl transferase (COMT), and Serotonin Transporter gene (5-

HTT), all of them eligible how candidate genes, but at that moment, without studies on 

their correlation with TMD. 

The main results showed that SNP in 5-HTT was associated with painful TMD 

(arthralgia and myofascial pain); polymorphisms in COMT were significantly associated 

with myofascial pain and very close to being associated with painful TMD and disc 

displacement. In the same gene, the polymorphism rs6269 was borderline for myofascial 

pain and disc displacement13. At the same time, SNPs rs6275 in DRD2 was associated 

with disc displacement14, that is all SNPs, were individually associated with some 

symptom of TMD. 

In this sense, we hypothesized that a complex interplay between these 

polymorphisms and genes could result in a genotype that could increase the risk for TMD. 

In order to answer this question, this case-control study aims to evaluate if SNP versus 

SNP interactions, i.e., haplotype and diplotype-based association, in DRD2 (rs6275, 

rs6276), ANKK1 (rs1800497), COMT (rs6269, rs4818) and 5-HTT (rs38133034 and 

rs1042173) genes, as well as gene versus gene interaction by multifactor dimensionality 

reduction analyses are associated with TMD in a population of Brazilian adolescents 

(Figure 1).  
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Figure 1- Framework of our study hypothesis. Single nucleotide polymorphisms in 

COMT, 5-HTT13, and DRD214 were, individually associated with TMD (+). Is it possible 

that a complex interplay between these SNPs and genes contributed to the same outcome? 

 

 

Methods 

Ethical Aspects and Study Design  

This cross-sectional study was approved by the Research Ethics Committee of the 

Federal University of Paraná (Process no. 2.006.086), participants received written 

information about the study, and a signed consent was obtained from a parent for all 

parents/guardians. The study followed the Declaration of Helsinki guidelines and was 

conceived according to the principles for reporting the results of genetic association 

studies defined by the Declaration of the STrengthening the REporting of Genetic 

Association Studies (STREGA).15 The adolescents and legal guardians received 

information about the study, and informed consent was obtained from all participants. For 

this study, a random sample of case and control was selected from a previous cross‐

sectional study from Bertoli et al 16 with a representative sample of 934 adolescents of 
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both sexes aged 10‐14 years. Therefore, a subset of 249 adolescents were selected using 

a random number generator (www.randomizer.com), leading to 149 adolescents with 

TMD diagnosis (TMD‐affected) and 100 unaffected adolescents.  

 

Determination of the TMD phenotype 

TMD phenotype was determinate according to the RDC/TMD and their 

subgroups. The TMD subgroups were classified according to the RDC/TMD criteria and 

included adolescents diagnosed with at least one criteria for TMD: myofascial pain, disc 

displacements (with and without reduction), and arthralgia. For painful TMD was 

considered the presence of arthralgia and/or myofascial pain during clinical examination. 

The data regarding myofascial pain, arthralgia, disc displacement, and painful TMD were 

collected through the self‐reported questionnaire by the American Academy of Orofacial 

Pain 17 and the exams according to RDC/TMD criteria, as described by Bertoli et al.16 The 

control group was composed by adolescents randomly selected without TMD. 

 
DNA Samples and Genotyping 
 

Genomic DNA for molecular analysis was extracted from buccal cells based on 

the method describe by Kuchler et al.18 The SNPs were selected by consulting the website 

of the International HapMap Project (www.hapmap.org), which is a union of several 

countries to develop a map with patterns of DNA sequence variations. In this database, 

information about the SNPs in the genes of interest is available. Two SNPs of the DRD2 

gene (rs6275 and rs6276), one polymorphism of the ANKK1 gene (rs1800497), two 

polymorphisms of the COMT gene (rs6269 and rs4818) and two polymorphisms of the 5-

HTT gene (rs3813034 and rs1042173) were selected. Table 1 describes characteristic of 

the studied genes and polymorphisms studied. 

 



 

22 
 

Table 1 - Genes and polymorphisms studied 
Gene Position SNP MAF Base Change 
DRD2 11q23.2 rs6275 0.473 A/G 

11q23.2 rs6276 0.466 C/T 
ANKK1 11q23.2 rs1800497 0.325 G/A 
COMT 22q11.1-q11.2 rs6269 0.356 A/G 

22q11.1-q11.2 rs4818 0.296 C/G/T 
5HTT 17q11.2 rs3813034 0.483 A/C 

17q11.2 rs1042173 0.485 G/T 
Note: SNP= Single Nucleotide Polymorphism. MAF stands for minor allele frequency. 
Retrieved from the database: ncbi.nlm.nih.gov 
 
 
 Statistical Analysis 
 

Chi-square test was applied to analyzed the Hardy-Weinberg Equilibrium, and 

compare the allele and genotype frequencies. Fisher exact test compare the haplotype 

frequencies by PLINK version 1.06 (https://zzz.bwh.harvard.edu/plink/ld.shtml). Poisson 

regression was performed to multivariate analysis adjusted by sex and age, and 

Prevalence Ratio (PR) and 95% Confidence Interval (95% CI) were obtained. The IBM 

SPSS version 25.0 (IBM Corp. Armonk, USA), was used to perform theses analysis, and 

values of p<0.05 indicate statistical difference. 

Multifactor dimensionality reduction (MDR) adjusted by sex and age was applied 

to identify SNP-SNP interactions, (sourceforge.net/projects/mdr/files). MDR perform a 

10-fold cross-validation consistency (CVC), testing balancing accuracy (TBA), and the 

1000 permutation test to determine the statistical significance of the models. Models with 

the cross-validation consistency of 9/10 or 10/10 and the TBA > 0.55 and p ≤ 0.05 were 

considered as the best models. Entropy values were calculated and MDR created 

interaction graph. 

Results 

A total of 249 adolescents participated of this study. The sample was composed 

by 149 (59.9%) affected by TMD, or cases, and 100 (40.1%) unaffected adolescents; 139 

(55.8%) were female and 110 (44,2%) were male. Regarding TMD, significantly most of 
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affected individuals were female (p= 0.022). Table 2 sumarizes the age distribution of the 

examined adolescents. 

 
Table 2: Demographic data of the sample between the groups 
  Control Case  
  n % n % P# 

Sex Male 53 53.00 57 38.26 0.022 
Female 47 47.00 92 61.74 

 
Age 

(Years) 

10 39 39.00 47 31.54  
 

0.193 
11 25 25.00 39 26.17 
12 26 26.00 32 21.48 
13 6 6.00 22 14.77 
14 4 4.00 9 6.04 

Note: # Chi-square test was performed. Bold form means statistical significance. 
 

Table 3 show the allelic distribution and frequency in the TMD affected and 

unaffected groups. There are no association between DF and studied genetic 

polymorphism in ANKK1, COMT and 5HTT genes in allelic model both (p>0.05) 

Table 3- Allelic distribution 
Gene SNP Minor allele Frequency in 

controls 
Frequency in 

cases P# 

DR2D rs6275 C 0.3474 0.3926 0.323 
rs6276 A 0.3646 0.4046 0.387 

ANKK1 rs1800497 C 0.2121 0.2263 0.714 

COMT rs6269 G 0.3073 0.3182 0.804 
rs4818 G 0.3258 0.3417 0.734 

5HTT rs38133034 C 0.4531 0.4228 0.516 
rs1042173 C 0.4694 0.4234 0.321 

Note: # Chi-square test was performed 

 
  

Table 4 summarizes the genotypes distributions among TMD affected and 

unaffected groups for each gene and the analysis in the co-dominant, dominant and 

recessive models and there were no significant association between TMD and these 

variables. 
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Table 4- Genotype distribution in different models: co-dominant, dominant and recessive. 
Gene SNP Model Genotype Control Case Pu Pm PR 95% CI n % n % 

DR2D 

rs6275 

Co-Dominant 
TT 43 45.26 56 41.48 Ref. 
TC 38 40.00 52 38.52 0.866 0.727 1.08 0.68 – 1.71 
CC 14 14.74 27 20.00 0.310 0.561 1.18 0.66 – 2.11 

Dominant TT 43 45.26 56 41.48 0.568 0.619 1.11 0.72 – 1.70 TC + CC 52 54.74 79 58.52 

Recessive TT + TC 81 85.26 108 80.00 0.304 0.631 1.13 0.67 – 1.90 CC 14 14.74 27 20.00 

rs6276 

Co-Dominant 
GG 41 42.71 49 37.40 Ref. 
GA 40 41.67 58 44.27 0.512 0.549 1.15 0.72 – 1.82 
AA 15 15.63 24 18.32 0.455 0.536 1.20 0.66 – 2.18 

Dominant GG 41 42.71 49 37.40 0.420 0.485 1.16 0.75 – 1.79 GA + AA 55 57.29 82 62.60 

Recessive GG + GA 81 84.38 107 81.68 0.595 0.687 1.11 0.65 – 1.90 AA 15 15.63 24 18.32 

ANKK1 rs1800497 

Co-Dominant 
TT 61 61.62 85 62.04 Ref. 
TC 34 34.34 42 30.66 0.672 0.516 0.85 0.54 – 1.36 
CC 4 4.04 10 7.30 0.336 0.871 0.85 0.54 – 1.36 

Dominant TT 61 61.62 85 62.04 0.947 0.599 0.89 0.57 – 1.37 TC + CC 38 38.38 52 37.96 

Recessive TT + TC 95 95.96 127 92.70 0.296 0.778 1.12 0.48 – 2.61 CC 4 4.04 10 7.30 

COMT 

rs6269 

Co-Dominant 
AA 37 38.54 48 36.36 Ref. 
AG 42 43.75 67 50.76 0.482 0.672 1.10 0.70 – 1.73 
GG 17 17.71 17 12.88 0.521 0.750 1.10 0.59 – 2.07 

Dominant AA 37 38.54 48 36.36 0.470 0.651 1.10 0.71 – 1.69 AG + GG 59 61.46 84 63.64 

Recessive AA + AG 79 82.29 115 87.12 0.737 0.872 1.04 0.59 – 1.85 GG 17 17.71 17 12.88 

rs4818 

Co-Dominant 
CC 42 47.19 50 41.67 Ref. 
CG 36 40.45 58 48.33 0.311 0.559 1.13 0.73 – 1.76 
GG 11 12.36 12 10.00 0.851 0.910 1.04 0.53 – 2.03 

Dominant CC 42 47.19 50 41.67 0.312 0.601 1.11 0.73 – 1.69 CG + GG 47 52.81 70 58.33 

Recessive CC + CG 78 87.64 108 90.00 0.517 0.933 0.973 0.51 – 1.83 
GG 11 12.36 12 10.00 

5HTT 

rs38133034 

Co-Dominant 
AA 30 31.25 42 30.88 Ref. 
AC 45 46.88 73 53.68 0.629 0.381 1.23 0.77 – 1.96 
CC 21 21.88 21 15.44 0.388 0.710 0.87 0.44 – 1.74 

Dominant AA 30 31.25 42 30.88 0.952 0.552 1.14 0.72 – 1.80 AC + CC 66 68.75 94 69.12 

Recessive AA + AC 75 78.13 115 84.56 0.210 0.395 0.76 0.41 – 1.41 CC 21 21.88 21 15.44 

rs1042173 

Co-Dominant 
AA 31 31.63 44 32.12 Ref. 
AC 42 42.86 70 51.09 0.598 0.355 1.24 0.78 - 1.98 
CC 25 25.51 23 16.79 0.246 0.739 0.89 0.46 – 1.73 

Dominant AA 31 31.63 44 32.12 0.937 0.533 1.15 0.73 – 1.80 AC + CC 67 68.37 93 67.88 

Recessive AA + AC 73 74.49 114 83.21 0.102 0.406 0.77 0.43 – 1.40 CC 25 25.51 23 16.79 
Notes: Pu means the p value obtained from the univariate test (chi-square). Pm means the p-value obtained from the multivariate test (Poisson regression 
adjusted by sex and age). PR means Prevalence Ratio. 95% CI means 95% Confidence Interval.  

 

 
In order to investigate the SNP x SNP interaction, the next step was the haplotype 

analysis and three possible combinations of single-locus alleles were obtained: 

rs6275|rs6276 in DRD2, rs6269|rs4818 in COMT and rs38133034|rs1042173 in 5-HTT. 

No of them was associated with TMD (p> 0.05) (Table 5). 
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Diplotype analysis was used for investigated the specific variant of all possible 

combinations of single-locus genotypes on the studied chromosomes. None of the 

diplotypes combinations evidenced an increased probability of TMD (p>0.05) (table 6). 

 

 
Next, we performed the between-gene multifactor dimensionality reduction 

(MDR) analysis step for the gene-gene interactions.  Table 7 shows the best SNP x SNP 

combinations. Among the combinations, the best SNP combination with the highest value 

of balanced accuracy was rs6275 (DRD2), rs6269 (COMT), rs1042173 (5HTT) (p=0.050). 

So, this combination reveals synergistic relation between these polymorphisms and 

predisposed to TMD (Figure 2). 

 

 

Table 5- Haplotype Analysis 
Gene SNPs Haplotype Frequency in 

controls 
Frequency 

in cases P# 

DR2D rs6275|rs6276 
C-A 0.3481 0.3871 0.408 
T-A 0.0110 0.0201 0.461 
T-G 0.6409 0.5927 0.312 

COMT rs6269|rs4818 

G-G 0.2496 0.2704 0.642 
A-G 0.0680 0.0659 0.934 
G-C 0.0386 0.0482 0.644 
A-C 0.6437 0.6155 0.564 

5-HTT rs38133034|rs1042173 
C-C 0.4492 0.4183 0.513 
A-C 0.0107 0.0152 0.680 
A-A 0.5401 0.5665 0.578 

Note: * PLINK compare the frequencies between expected number of haplotypes by fisher test.   

Table 6- Diplotype analysis by Poisson Regression adjusted by sex and age. 
Genes SNPs Reference 

Diplotype Diplotypes PR (95% CI) p-
value 

DR2D rs6275 and rs6276 TT + GG TC + GA 1.14 (0.71 – 1.83) 0.580 
CC + AA 1.25 (0.69 – 2.28) 0.452 

COMT rs6269 and rs4818 AA + CC AG + CG 1.11 (0.68 – 1.80) 0.664 
GG + GG 1.09 (0.53 – 2.24) 0.804 

5-HTT rs38133034 and 
rs1042173 AA + AA AC + AC 1.25 (0.77 – 2.02) 0.363 

CC + CC 0.85 (0.42 – 1.75) 0.674 
Note:  PR means Prevalence Ratio. 95% CI means 95% Confidence Interval. 
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Table 7- Summary of MDR analysis results for TMD. 
Locus 

Number 
Best Combination TBA# CV* Pǂ 

2 rs6269 (COMT), rs1042173 (5-HTT) 0.5707 07/10 0.259 

3 rs6275 (DRD2), rs6269 (COMT), rs1042173 (5-HTT) 0.6042 10/10 0.050 

4 rs6275 (DRD2), rs1800497 (ANKK1), rs6269 (COMT), rs1042173 (5-HTT) 0.5316 03/10 0.695 

5 rs6275 (DRD2), rs6276 (DRD2), rs1800497 (ANKK1), rs6269 (COMT), 
rs1042173 (5-HTT) 

0.5501 10/10 0.117 

6 rs6275 (DRD2), rs6276 (DRD2), rs1800497 (ANKK1), rs4818 (COMT), 
rs38133034 (5-HTT), rs1042173 (5-HTT) 

0.5389 05/10 0.595 

7 rs6275 (DRD2), rs6276 (DRD2), rs1800497 (ANKK1), rs6269 (COMT), rs4818 
(COMT), rs38133034 (5-HTT), rs1042173 (5-HTT) 

0.5274 04/10 0.742 

Notes: # Testing Balanced Accuracy. * Cross-validation consistency. ǂ P-values were based on 1000 permutations test. 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

 
 

Figure 2- Entropy graph. This graph shows the entropy value of each SNP 

individually by percentages insides the nodes. The percentages on the lines indicate the 

entropy values resulting from the combination between SNPs. The different colors of the 

lines indicate the entropy kind, like red and orange lines a synergic entropy and blue and 

green a redundancy entropy. The combination rs6275 (DRD2), rs6269 (COMT), and 

rs1042173 (5-HTT) predisposed to TMD. 
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Discussion 
 
It is not new that TMD is a complex condition that involves environmental factors 

and intrinsic factors altogether, including individual genetic backgrounds. It is also a 

common opinion that genetic polymorphisms may predispose to increased risk for TMD. 

Nonetheless, is it possible that different genes interplay to cause TMD? This is the key 

point of this cross-sectional study. In order to answer this question, we designed a study 

that used powerful tools for genetic analysis: haplotype, diplotype-based association, and 

multifactor dimensionality reduction analyses.  For that, DNA samples from 249 

Brazilian adolescents, most of them affected by TMD, were collected and combined 

analyses in DRD2 (rs6275, rs6276), ANKK1(rs1800497), COMT (rs6269, rs4818) and 5-

HTT (rs38133034 and rs1042173) genes were performed. The main result after 

multifactor dimensionality reduction analysis showed that the combination between 

rs6275 (in DRD2), rs6269 (in COMT), rs1042173 (in 5-HTT) reveals synergist action to 

predisposed to TMD.   

Studies on TMD have increased greatly in recent years and research groups around 

the world have contributed to the survey of etiological factors associated with this 

condition. Clinical studies revealed the participation of multiple factors such as anxiety,3 

depression, 12,19 orthodontic treatment, 20 physical, psychological and socio-demographic 

factors.21 A common point is the higher prevalence of TMD in females, reinforced by the 

results from our study that showed significantly more females affected, perhaps because 

of the estrogen level in women. In fact, Berger et al.22 highlight the importance of estrogen 

level assessment in future exploratory studies about TMD. 

Interestingly, studies that point to candidate genes to be studied also increased. In 

2018, the review listed 73 genes that were somehow linked to TMD, 23 since genes 

expressed in skeletal muscle, involved in aggrecan cleavage, collagen pathway, bone 
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metabolism involved until in catecholamine, serotonin, and dopamine metabolism among 

several others. The majority of these studies have investigated how allelic or genotype 

frequencies among TMD-affected individuals. 

In fact, currently, there is a vast number of SNPs available in candidate genes that 

focus on their association with TMD. Some of them are functional SNPs (i.e., those 

altering an amino sequence or a transcription factor binding element) and nonfunctional 

SNPs to avoid the use of nonfunctional genetic variants in association studies.24,25,26 Our 

research group also identified some polymorphisms associated with TMD. First, we 

found an association studying the role of the COL2A1 gene found an association between 

this gene and disc displacement.27 Then, we were able to show the association between 5-

HTT, COMT, and DRD2 with some symptoms of TMD.13,14 In special, these three genes 

were target genes because their association with episodes of anxiety and TMD had already 

been found. 

Once our research group had previous data from each SNP studied, we decided to 

combine multiple genetic tools to investigate which outcomes could occur when 

combination and association analyzes between SNPs and genes were performed, going 

one step further with regard to the interpretation of the genetic component of TMDs. The 

preliminary analysis based on allelic and genotypic distribution was not encouraging once 

no allelic or genotypic association with TMD was observed. It is important to mention 

that investigation based on alleles are not simple and sometimes this analysis could be 

inappropriate. Despite that, an analysis based on haplotypes and diplotypes were 

performed and three possible combinations were obtained (rs6275|rs6276 in DRD2; 

rs6269|rs4818 in COMT; rs38133034|rs1042173 in 5-HTT) but no association with TMD 

was observed.  Its fact that diplotype analysis is more accurate once diplotype preserve 
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more information than haplotypes analysis. Again, the three possible combinations did 

not reveal any association with TMD. 

Positive results for haplotypes or diplotype analysis are difficult and two point 

must to be considerate to increase the possibility to founded associations: a. the sample 

and b. allelic frequency of the SNPs. In order to get closer to more reliable results, our 

sample comprised 249 individuals, including 149 affected by TMD. So, in this sense, the 

sample is acceptable for a genetic study. Regarding SNPs selection, we choose SNPs with 

allelic frequency next to 0.5 which reduces distortions and provides the best prediction 

model for most phenotypes. Nevertheless, both analysis haplotype and diplotype, with 

the common combinations reveals a lack of association with TMD. 

Studies that focus on SNP-SNP interactions are important to explore genetic 

associations once could predict or impact on a given disease or condition 29 but alternative 

methods like multifactor dimensionality reduction are more powerful once it combines 

testing balanced accuracy, cross-validation, and dimensionality reduction technique to 

reduce the dimensionality of multilocus genotypes and detect gene-gene interaction, 

which increase the accuracy of estimates of the prediction error rate even in small 

population samples. 30 Through the MDR technique genotypes are pooled into high risk 

and low risk groups effectively reducing the dimensionality of the genotype for one 

dimension.31 In our study, we used this idea to investigate how interactions between 

DRD2, COMT, 5-HTT, and ANKK1 genes could predict TMD and we have 

demonstrated that one combination (rs6275 (DRD2), rs6269 (COMT), rs1042173 (5-

HTT)) predisposed to TMD. Finally, in previous studies, we describe the contribution of 

SNPs individually analyzed with TMD. Now, in this study, the new approach was to 

evaluate gene-gene interaction and we believed that, besides studies limitations, the final 

results provide new insight into a genetic contribution to TMD. 
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Conclusion 

MDR analysis provides evidence that the combination between genetic 
polymorphisms in DRD2 COMT and 5-HTT genes predisposed to TMD.  
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CONSIDERAÇÕES FINAIS 

  

Considerando-se todas as ferramentas estatísticas utilizadas para a analise dos 

resultados obtidos nesta pesquisa, especialmente a analise de redução multidimensional, 

existem evidencias de que a combinação entre os polimorfismos genéticos nos genes 

DRD2, COMT e 5-HTT predispõe à DTM em adolescentes. Trata-se de um achado 

importante que, até então, não foi descrito na literatura. 
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APÊNDICE - METODOLOGIA 

Desenho do Estudo 

O Comitê de Ética em Seres Humanos da Universidade Federal do Paraná, Paraná, 
Brasil aprovou este estudo (Processo nº 2.006.086), os participantes receberam 
informações por escrito sobre o estudo e foi obtido consentimento assinado de um dos 
pais para todos os pais / responsáveis. O estudo seguiu as diretrizes da Declaração de 
Helsinque. Para este estudo caso-controle, uma amostra aleatória foi selecionada de 
estudos transversais anteriores com uma amostra representativa de 934 adolescentes com 
idades entre 10 e 14 anos (Bertoli et al., 2018). O tamanho final da amostra foi de 256 
(45 afetados e 211 não afetados). Porém, nossa amostra foi composta por 45 casos e para 
análise de associação, foi selecionada uma amostra aleatória de 211 controles por meio 
de um site gerador de números aleatórios (www.randomizer.org). Os dados foram 
coletados de setembro de 2014 a julho de 2016 e seguem a declaração STROBE 
(https://www.strobe-statement.org/index.php?id=strobe-home). 

 

Determinação do fenótipo FD 
Examinadores treinados conduziram os exames odontológicos. Todos os 

examinadores realizaram o exame clínico após treinamento de especialista experiente 
(J.A.B). Os participantes foram sentados em uma cadeira odontológica, e o examinador 
utilizou uma sonda e um espelho dental de acordo com os critérios recomendados pelas 
diretrizes da Organização Mundial de Saúde. DF foi avaliada usando o índice de Dean 
modificado (Rozier, 1994) com o exame, e uma pontuação foi registrada. Este índice 
permite a classificação da fluorose em 3 graus: leve (muito leve e leve), moderado e grave. 
O grau questionável foi excluído. A análise atual usou dados de dentes permanentes em 
erupção precoce e não usou dados de fenótipo DF da dentição decídua. Para a dentição 
mista, apenas os dentes permanentes erupcionados foram avaliados. 

 

Amostras de DNA e genotipagem 
O DNA genômico para análise molecular foi extraído de células bucais com base 

no método relatado (Küchler et al., 2012). Polimorfismos genéticos foram genotipados 
por PCR em tempo real usando o ensaio TaqMan. Os polimorfismos foram selecionados 
com base na frequência do alelo, estrutura de desequilíbrio de ligação e associação 
sugerida com FD. As características do gene e do polimorfismo são descritas naTabela 1. 

Após a realização do exame clínico, as células foram coletadas individualmente 
em ambiente privativo para não causar qualquer tipo de constrangimento aos 
adolescentes. Cada adolescente aplicou dois bochechos com 5 mL de solução autoclavada 
de glicose a 3%, por 1 minuto, com intervalo de 5 minutos cada (Trevilatto& Line, 2000). 
Após cada bochecho, as células da mucosa bucal foram raspadas com uma espátula de 
madeira para a coleta do DNA dos pacientes. As soluções foram depositadas em tubos 
coletores que foram armazenados em isopor contendo gelo até chegarem ao laboratório 
de genética molecular da Universidade Positivo (UP) de Curitiba, Paraná, Brasil. Cada 
tubo foi centrifugado a 2.000 rpm por 10 min para separar o pellet de células que se 
desprendem da mucosa oral do sobrenadante (saliva + glicose a 3%). Este pellet celular 
foi transferido para uma solução tampão (10 mM TrisHCl, 0,1 M EDTA, 0,5% SDS - pH 
8,0 - Sigma-Aldrich ®) e armazenado em um freezer a –20 ° C até o uso. 

Nos dias seguintes, o DNA foi extraído conforme protocolo de Trevilatto e Line 
(2000) segundo o qual, após o descongelamento, foram adicionados à solução 10 µL de 
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proteinase K (20 mg / mL), que foi deixada por 08 horas em 65oC. O DNA foi purificado 
pela adição de acetato de amônio 10 M, precipitado com isopropanol e etanol e então 
ressuspenso em 50 µl de Tris 10 mM (pH 7,8) e EDTA 1 mM. 

Após ressuspensão do DNA em Tris-EDTA ou DNAse e água livre de RNAse, a 
amostra de DNA foi quantificada com auxílio de espectrofotômetro (Biophotometer - 
Eppendorf), além de estimar sua pureza pela razão OD 260/280. Purificação adicional foi 
realizada com o kit Qiagen Flexigene (PN 51206) (Qiagen Benelux ®) seguindo as 
recomendações do fabricante. Após a purificação, o DNA genômico foi novamente 
quantificado em espectrofotômetro. A Figura 3 mostra a sequência usada para extração e 
purificação de DNA. 

Os SNPs foram selecionados por meio de consulta ao site do International 
HapMap Project (www.hapmap.org), que é uma união de vários países para desenvolver 
um mapa com padrões de variações de sequência de DNA. Neste banco de dados, 
informações sobre os SNPs nos genes de interesse estão disponíveis. Dois SNPs do gene 
DRD2 (rs6275 e rs6276), um polimorfismo do gene ANKK1 (rs1800497), dois 
polimorfismos do gene COMT (rs6269 e rs4818) e dois polimorfismos do gene 5 HTT 
(rs3813034 e rs1042173) (tabela 13034) foram selecionados. 

 
 

 
  Tabela 1 - Genes e polimorfismos estudados 
 

Gene Position Polymorphism MAF Base Change 
DRD2 11q23.2 rs6275 0.473 A/G 

11q23.2 rs6276 0.466 C/T 
ANKK1 11q23.2 rs1800497 0.325 G/A 
COMT 22q11.1-q11.2 rs6269 0.356 A/G 

22q11.1-q11.2 rs4818 0.296 C/G/T 
5 HTT 17q11.2 rs3813034 0.483 A/C 

17q11.2 rs1042173 0.485 G/T 
Nota: MAF significa frequência de alelo menor. Recuperado do banco de dados: ncbi.nlm.nih.gov 

 

Análise Estatística 
 
 As comparações de frequências de alelos e haplótipos foram realizadas pelo 
PLINK versão 1.06 (https://zzz.bwh.harvard.edu/plink/ld.shtml). 
 A análise genotípica foi realizada pelo teste exato de Fisher e regressão de 
Poisson ajustada por sexo. Razão de Prevalência (RP) e Intervalo de Confiança de 95% 
(IC95%) foram obtidos por Regressão de Poisson. Essas análises foram realizadas no 
IBM SPSS versão 25.0 (IBM Corp. Armonk, EUA), e valores de p <0,05 indicam 
diferença estatística. 
 Para identificar as interações SNP-SNP, a redução de dimensionalidade 
multifator (MDR) (sourceforge.net/projects/mdr/files) foi feita usando gênero como 
covariáveis. O MDR executa uma consistência de validação cruzada de 10 vezes (CVC), 
testando a precisão de balanceamento (TBA) e o teste de permutação de 1000 para 
determinar a significância estatística dos modelos. Modelos com consistência de 
validação cruzada de 9/10 ou 10/10 e TBA> 0,55 ep ≤ 0,05 foram considerados os 
melhores modelos. Os valores de entropia foram calculados e o gráfico de interação 
criado por MDR. 
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