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Souza LG. Associacdo entre polimorfismos genéticos nos genes DRD2, ANKKI, COMT
e SHTT com a fluorose dentaria. [Dissertagdo de Mestrado]. Curitiba: Universidade

Positivo; 2021.

RESUMO

Introdugdo: A ingestdo de grande quantidade de fluor pode levar a um defeito no
desenvolvimento do esmalte dentdrio, a fluorose dentaria (FD), resultando em
hipomineralizag¢do e porosidade no esmalte dentario afetado. O objetivo deste estudo foi
investigar e avaliar a associagdo entre polimorfismos genéticos nos genes DRD2, ANKK I,
COMT e SHTT com a FD, em uma populagdo de adolescentes residentes na cidade de
Curitiba, PR, Brasil. Materiais e Métodos: Tratou-se de um estudo de caso-controle que
seguiu as recomendacdes para fortalecer o relato sobre estudos epidemioldgicos
observacionais em epidemiologia (STROBE) e utilizou uma amostra representativa de
936 adolescentes, com idades variando entre 10 e 14 anos. Destes, foram selecionados,
aleatoriamente, 256 adolescentes que foram examinados clinicamente. A FD foi
classificada em muito leve, leve, moderada e severa de acordo com o indice de Dean
modificado por Rozier. Somente dentes permanentes foram utilizados para determinar a
presenca de FD. O DNA gendmico foi coletado por meio da raspagem da mucosa bucal,
foi extraido e genotipado em PCR tempo real. Os polimorfismos de nucleotideo tinico
(SNPs) foram selecionados por meio de consulta ao site do International Hap Map Project
(www.hapmap.org). Foram selecionados dois SNPs do gene DRD?2 (rs6275 e rs6276), um
do gene ANKK (rs1800497), dois SNPs do gene COMT (156269 e rs4818) e dois SNPS
do gene SHTT (rs3813034 e rs1042173). As comparagdes de frequéncia de alelos,
haploétipos e diplétipos foram realizadas usando o PLINK versao 1.06. Para identificar
interacdes SNP-SNP foi realizada a Redugao de Dimensionalidade Multifatorial (MDR).

A anélise genotipica foi realizada por meio do teste exato de Fisher e regressao de Poisson
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ajustada para o sexo. Resultados: De um total de 256 adolescentes, 211 (82,4%) eram
livres de FD e 45 (17,6%) individuos possuiam FD. Na andlise de frequéncia alélica, o
SNP 6275 foi associado com FD (p=0,040) e o SNP 6276 foi limitrofe para FD (p=0,07).
Na analise por haplétipo, o resultado confirmou a diferenga significativa entre o grupo
controle e o grupo com FD no haplétipo T-G (p <0,05) e limitrofe no C-A (p = 0,06).
Para o gene DRD2 no SNP rs6275 no gendtipo CC houve associagdo com FD no teste de
Fisher (p =0,041) e no teste de Poisson (RP=5,37; IC=1,59 — 18,11). Além disso, houve
associacao com o SNP 6276 no genotipo AA por meio do teste de Poisson (RP= 5.10;
IC=1.51 — 17.25). Na uniao dos polimorfismos rs6275 e rs6276, evidenciou-se que 0s
diplétipos CC + AA apresentaram maior prevaléncia de FD (p =0,007). Pode-se observar
ainda que individuos com o geno6tipo CC no rs6275 apresentaram maior prevaléncia de
FD (p = 0,007). Pode-se observar ainda que individuos com o genotipo CC no rs6275,
apresentaram maior chance de fluorose muito leve e leve de fluorose no teste de Poisson
(p = 0,003). O mesmo resultado foi observado no rs6276 no gendtipo AA (p= 0,004).
Para os genes ANKK 1, COMT e SHTT e seus polimorfismos, nenhuma associagao com
FD foi observada. Na analise por MDR a interacao DRD?2 (rs6276), ANKK 1 (rs1800497),
COMT (rs4818) e SHTT (rs1042173) atuam sinergicamente para aumentar o risco de FD.
Conclusao: Os polimorfismos 1s6275 e rs6276 no gene DRD?2 estao associados a FD e
ha sinergismo entre os polimorfismos do gene DRD2 (rs6276), ANKKI (rs1800497),
COMT (rs4818) e SHTT (rs1042173) na manifestacao de FD.

Palavras chave: Fluorose dentaria, Polimorfismos genéticos, DRD2, Genética.



Souza LG. Association between genetic polymorphisms in the DRD2, ANKKI, COMT
and SHTT genes with dental fluorosis. [Master's Thesis]. Curitiba: Universidade Positivo;

2021.

ABSTRACT

Introduction: Excessive fluoride intake can lead to a defect in tooth enamel
development, dental fluorosis (DF), resulting in hypomineralization and porosity in the
affected tooth enamel. The aim of this study was to investigate and evaluate the
association between genetic polymorphisms in the genes DRD2, ANKKI, COMT and
SHTT with DF, in a population of adolescents living in the city of Curitiba. Materials
and Methods: This is a case-control study that followed the recommendations to
strengthen the report on observational epidemiological studies in epidemiology
(STROBE) and used a representative sample of 936 adolescents, aged between 10 and 14
years. Of these, 256 adolescents who were clinically examined were randomly selected.
DF was classified as very mild, mild, moderate, and severe according to the Dean index
modified by Rozier. Only permanent teeth were used to determine the presence of DF.
Genomic DNA was collected by scraping the oral mucosa, extracted, and genotyped in
real-time PCR. Single nucleotide polymorphisms (SNPs) were selected by consulting the
International Hap Map Project website (www.hapmap.org).

Two SNPs from the DRD2 gene (1s6275 and rs6276), one from the ANKKI gene
(rs1800497), two SNPs from the COMT gene (rs6269 and rs4818) and two SNPs from
the SHTT gene (rs3813034 and rs1042173) were selected. Allele, haplotype and diplotype
frequency comparisons were performed using PLINK version 1.06. To identify SNP-SNP
interactions, Multifactorial Dimensionality Reduction (MDR) was performed. Genotypic

analysis was performed using Fisher's exact test and Poisson regression adjusted for sex.
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Results: From a total of 256 adolescents, 211 (82.4%) were free of DF and 45 (17.6%)
individuals had DF. In allelic frequency analysis, SNP 6275 was associated with FD
(p=0.040) and SNP 6276 was borderline for FD (p=0.07). In the analysis by haplotype,
the result confirmed the significant difference between the control group and the group
with DF in the T-G (p < 0.05) and borderline in the C-A haplotype (p = 0.06). For the
DRD? gene in the rs6275 polymorphism in the CC genotype, there was an association
with fluorosis in the Fisher test (p = 0.041) and in the Poisson test (PR=5.37; CI=1.59 —
18.11). In addition, there was an association with the rs6276 polymorphism in the AA
genotype using the Poisson test (RP=5.10; CI=1.51 — 17.25). In the combination of the
16275 and rs6276 polymorphisms, it was evidenced that CC + AA had a higher
prevalence of DF (p = 0.007). It can also be observed that individuals with the CC
genotype at rs6275 had a higher chance of very mild fluorosis and mild fluorosis in the
Fisher test (p = 0.03) and using the Poisson test (p = 0.02). The same result was observed
for rs6276 in the AA genotype (p=0.05). For the ANKK 1, COMT and SHTT genes and
their polymorphisms, no association with FD was observed. In MDR analysis, the
interaction DRD?2 (1s6276), ANKK 1 (rs1800497), COMT (rs4818) and SHTT (rs1042173)
act synergistically to increase the risk of FD. Conclusion: The rs6275 and rs6276
polymorphisms in the DRD?2 gene are associated with DF and there is synergism between
the polymorphisms of the DRD?2 (rs6276), ANKK1 (rs1800497), COMT (rs4818) and
SHTT (rs1042173) gene in the manifestation of DF.

Key words: Dental fluorosis, Genetic polymorphisms, DRD2, Genetics.
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INTRODUCAO E REVISAO DE LITERATURA

A fluorose dentaria (FD) ¢ uma condi¢ao multifatorial que resulta na exposi¢ao
continua dos tecidos mineralizados, especialmente o esmalte dentdrio, a grandes
quantidades de fllior durante a sua formacgao, resultando em um esmalte hipomineralizado
e comprometido funcional e esteticamente (Fejerskov & Manji, 1990) tornando-o mais
suscetivel a fraturas, desgaste dentario e caries dentarias (Robinson et al., 2005). No
entanto, os estudos sobre FD tiveram uma mudanca de paradigma quando uma associa¢do
inversa entre essa condi¢do e carie dentaria foi relatada, em 1942, por Dean. Segundo esse
autor, pessoas que consumiam agua com 1 ppm de fluor tinham uma redugdo de
aproximadamente 60% na prevaléncia de cérie dentaria (Dean ef al., 1942). A partir dessa
observagao, a fluoretacdo da dgua potavel passou a ser considerada uma importante medida
de saude publica para a prevengdo da carie dentaria. Nas décadas de 1970 e 1980, foram
relatados estudos sobre a cessagdo do fliior e observacdes do impacto do flior na céarie em
criangas que receberam apenas exposicao pos-eruptiva ao flior (Fejerskov ez al., 1981; Ten
Cate, 1997; Featherstone, 1999; Fukushima et al., 2000; Whitford et al., 2002). Isso
contribuiu para o reconhecimento de que a fluoretacdo da dgua forneceu um efeito local
intraoral ou “topico” de prevencao da cérie. Essas observacdes mudaram o debate sobre o
modo de a¢do do fluor, conforme discutido por Ten Cate & Buzalaf (2019).

O comité da Organizagdo Mundial da Saude, sobre o uso de fluor, declarou que 1,5
mg /L, ou 1,5 ppm, deve ser um limite superior absoluto de fluor presente na dgua sem
que cause DF (World Health Organization, 2011). Além disso, a quantidade de fltor varia
conforme a temperatura e regido, ja que em localidades onde o clima ¢ mais quente e seco
os indices sdo significativamente maiores que em cidades de clima temperado (Zenkner et

al., 2005).
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Apesar da evidente reducao no indice de dentes cariados apds a utilizacao de fluor,
a fluorose nas suas diversas formas- dentaria, esquelética e nao esquelética- gera morbidade
e ¢ foco de preocupacdo nas areas endémicas (Everett, 2011). A fluorose esquelética afeta
ossos e articulagdes, sendo um problema mais sério do que a fluorose dentéria por ter o
potencial de causar deformidade permanente. A forma de fluorose nao esquelética pode
afetar todos os tecidos moles e 6rgdos do corpo, podendo causar alteracdes cognitivas e
neurologicas (Dos Santos et al., 2019 e Huotari, 2002), nefrologicas, cardiacas e distirbios
tireoidianos (Majumdar, 2011).

O fluor atravessa a barreira hematoencefalica e pode afetar a estrutura e as fungoes
do sistema nervoso central (Shalini & Sharma, 2015). O acumulo de investigagdes
epidemiologicas mostrou um problema essencial de saude publica que as criangas que
vivem em areas endémicas de fllior apresentaram capacidades cognitivas gerais mais
baixas de quociente de inteligéncia (QI) (Das & Mondal, 2016; Induswe et al., 2018;
Rocha-Amador et al., 2007, Seraj et al., 2012, Yu et al., 2018). No entanto, os mecanismos
exatos pelos quais o fluor interfere no processo cognitivo € na inteligéncia ndo foram
claramente definidos.

A FD ¢ muito comum entre criangas € jovens € ¢ causada pelo consumo de grandes
quantidades de fluoreto (Mehta, 2013). Clinicamente, os dentes acometidos podem
apresentar manchas brancas, descoloracdo amarela acastanhada e / ou corrosao ou manchas
no esmalte, dependendo da gravidade. Com base no grau e severidade da
hipomineralizagdo e condigdao do esmalte dentario. A FD pode ser classificada, de acordo
com o Indice de Dean, como normal, questionavel, muito leve, leve, moderada e severa

(Dean, 1993).
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Patogénese da Fluorose Dentaria

Embora os mecanismos moleculares responsaveis pela patogénese da fluorose
ainda sejam desconhecidos, presume-se que ions fluor livres tem alta afinidade para
tecidos mineralizados como dentes e 0ssos e, em concentragao elevada, o flior altera a
mineralizacdo dos dentes e ossos (Everett et al, 2011). A mineralizagdo do esmalte ¢
altamente sensivel aos ions livres de fluor, entdo quando o fluoreto ¢ incorporado aos
cristais de esmalte, modifica a mineralizagao subsequente, reduzindo a solubilidade do
mineral e isso modula a composi¢ao i6nica do fluido em torno do mineral (Aoba et al.,
2002). Os minerais do esmalte dentario e dos ossos sdo compostos principalmente de
hidroxiapatita. O fluoreto origina a fluorapatita pelo deslocamento do hidroxido da
hidroxiapatita. A fluorapatita ¢ menos soluvel e mais compacta do que a hidroxiapatita.
Portanto, o consumo excessivo de fluor poderia ter um efeito no metabolismo 6sseo € o
desenvolvimento do esmalte que, em ultima analise, resulta em fluorose. Os fluoretos
causam sua acdo por via de sinalizacdo de proteinas quinases ativadas por mitogénio
(MAPKSs), que resulta em mudangas na expressao génica, estresse celular e morte celular
(Everett, 2011). A respeito disso, Aoba et al. (2002) postulou os efeitos de fluoretos em
duas categorias - (i) pode ocorrer eventos intracelulares como expressao génica, sintese
proteica, secregdo e trafego, reabsorcao e degradacao de produtos secretados e (ii) pode
ocorrer eventos extracelulares como interacao entre proteina da matriz, protease, cristais

e constituintes do fluido (Aoba et al., 2002).
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Figura 1 — Possiveis mecanismos bioquimicos e celulares envolvidos na patogénese da
fluorose dentaria, tanto no nivel intracelular quanto na matriz extracelular. Fonte: Castiblanco

Rubio et al. (2017).

Evidéncias de Envolvimento de Fatores Genéticos Associados a Fluorose

Apesar de ingestao em excesso de fluor levar a lesdes dentérias, esqueléticas e nao
esqueléticas de fluorose, no entanto, esta se tornando cada vez mais claro que também ha
uma variagdo interindividual consideravel na predisposi¢do para fluorose (Saha et al.,
2021). De fato, a hipotese mais aceita ¢ a de que a fluorose pode resultar de uma interagao
complexa entre genes candidatos e exposi¢des ambientais, incluindo padrdes alimentares
de ingestdo de fluoreto e outros nutrientes. (Romualdo et al., 2019). Fatores genéticos
podem contribuir para a variagao na suscetibilidade ou resisténcia a exposi¢ao ao fluoreto,
e essas informagdes podem ser usadas para identificar a suscetibilidade de uma pessoa e,
assim, alterar o risco de um individuo desenvolver FD (Pramaniak e Saha, 2017).

Os genes sdo constituidos basicamente de DNA, que ¢ uma molécula composta de

sequéncias complexas de nucleotideos. Variagdes nessas sequéncias que ocorrem na
17



populacdo de forma estavel, sendo encontradas com frequéncia de 1% ou superior, sdo
denominados polimorfismos genéticos (Evans e Relling, 1999). Os polimorfismos podem
contribuir para a susceptibilidade a algumas doencas e/ou diferentes respostas a agentes
farmacologicos (Vieira et al., 2005). As formas mais comuns de polimorfismos genéticos
sao deleg¢des, mutagodes e substituigdes de base tnica (Kim e Misra, 2007).

Enquanto estudava os mecanismos moleculares de toxicidade do fluoreto, muitos
investigadores sugeriram que existe uma associagdo entre fluorose dentaria e
polimorfismos genéticos, afetando a génese e a mineralizagao do esmalte como homologos
menos distais (DLX] e DLX2), Inibidores de tecido de Metaloproteinases (7IMPI),
Ameloblastina (AMBN), Proteina que interage com tuftelina 11 (7FIP11) e polimorfismos
genéticos de Tuftelina (TUFTI) (Castiblanco et al., 2017; Kiichler et al., 2017; Kiichler et
al., 2018), codificagdo de proteinas associadas ao metabolismo da estrutura 6ssea (Huang
et al.,2008; Willing et al., 2003; Lau et al., 2004) ou ainda MicroRNAs, que sao estruturas
criticas para o desenvolvimento de células e organismos (Abbasoglu ef al., 2020).

Mais recentemente verificou-se que polimorfismos de genes que regulam os
mecanismos endogenos da dor, ansiedade e inteligéncia, DRD2 (Receptores da Dopamina),
ANKK]1 (ankyrin repeat and kinase domain containing 1) ¢ COMT (Cathecol-O-Metil
transferase) estdo relacionados com ingestao de fltior (Zhao et al., 2021), porém ainda nao
ha estudos sobre sua correlagdo com a fluorose dentaria. Polimorfismos do gene SHTT,
responsavel pelo transporte da serotonina, também relacionados ao estresse e ansiedade,
podem estar envolvidos na calcificagdo Ossea (Feuer et al., 2015; Galli et al., 2013) e
amelogénese dentdria (Baudry et al., 2019) e possivelmente também com a fluorose
dentaria.

Por fim, a dupla funcdo serotoninérgica e identidade dopaminérgica que associa

esses dois genes ao reparo dentario foi descoberta em células-tronco odontogénicas
18



(Baudry et al., 2015), mostrando que pode haver uma interacdo entre esses

neurotransmissores no desenvolvimento do germe dentario.

Genes DRD2, ANKKI1, COMT e SHTT

A dopamina ¢ o neurotransmissor predominante no sistema nervoso central,
envolvido em uma ampla variedade de processos fisiologicos (Bjorklund e Dunnet, 2007).
A dopamina tem cinco receptores diferentes acoplados a proteina G denominados D1 a D5.
Sabe-se que o receptor D2 estd relacionado a atividade motora, mecanismos de reforco,
bem como aprendizagem e memoria. (Missale et al.,1998). Alguns estudos descobriram
que o gene do receptor de dopamina D2 (DRD?2) estava envolvido na suscetibilidade
genética ao transtorno de estresse pds-traumatico, fatores de risco associados ao tabagismo
e esquizofrenia (Chiang et al., 2020; Dubertret et al., 2004).

Outro gene que codifica essas proteinas responsaveis pela transdugdo de sinais € o
gene ANKK . A proximidade entre esses genes € bastante grande de forma que se supunha
que os genes DRD?2 e ANKK1 codificavam as mesmas proteinas receptoras de dopamina.
No entanto, posteriormente observou-se que se tratava efetivamente de um polimorfismo
rs1800497 localizado no exon 8 do gene ANKK I que codificava a expressao das proteinas
receptoras (Neville et al., 2004). A localizagdo do polimorfismo nem sempre ¢
especificada nas publicagdes, mas este polimorfismo, devido as semelhangas com o DRD?2,
também tem sido associado as mesmas condigdes relatadas para o gene DRD2. O
polimorfismo rs1800497 foi relacionado com o peso corporal, comportamento alimentar
patologico e risco de alcoolismo (Munafo et al., 2007) e recentemente a menor densidade

Ossea, com maior risco de fraturas. Pacientes com esquizofrenia, que possuem o
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polimorfismo DRD2-ANKK1 rs1800497 sao susceptiveis a ter diminui¢ao da densidade
mineral 6ssea (Chiang et al., 2020), o que pode levar a hipotese de haver relacdo deste
polimorfismo com o processo de mineralizagao.

A catecol-O-metiltransferase ¢ uma enzima chave que afeta o metabolismo da
catecolamina, que regula a degradagdo da norepinefrina e da dopamina, responsaveis por
diversos processos fisioldgicos (Huotari et al., 2002). Foi observado por Zhang et al.
(2015) em um estudo caso-controle na China, que a exposic¢ao ao flior foi adversamente
associada a inteligéncia das criangas, enquanto o polimorfismo COMT pode aumentar a
susceptibilidade aos déficits de QI devido a exposi¢ao ao flior em comparagdo com o
controle, ratificando outros estudos que também demonstraram que os polimorfismos dos
genes da Dopamina DRD2, ANKK1 ¢ COMT estao associados a um declinio cognitivo em
area de fluorose endémica (Zhao et al., 2020; Das e Mondal, 2016; Induswe et al., 2018;
Rocha-Amador et al., Seraj et al., 2012, Yu et al., 2019).

O 5HTT, também conhecido como SERT, ¢ um transportador de membrana
plasmatica altamente especifico para a captacao de serotonina (5HT) extracelular, ou seja,
transportador da proteina monoamina serotonina da fenda sindptica para o neurénio pré-
sindptico e que exerce um feedback inibitério sobre a atividade elétrica dos neuronios
serotoninérgicos (David e Gardier, 2016). O SHTT modula a disponibilidade extracelular
da serotonina, o que pode alterar a sua atividade, pois depende da sua disponibilidade
extracelular (Fouquet et al., 2018).

No cérebro, SHT atua como um neurotransmissor € medeia uma ampla variedade
de comportamentos e processos fisiologicos como sono, memdaria, cogni¢do, apetite ou
humor (Jonnakuty e Gragnoli, 2008). Esta monoamina influencia tdo amplamente
processos fisioldgicos gragas a presenca na superficie das células receptoras de um

transportador de serotonina (5HTT) e / ou receptores serotonérgicos (SHTRs).
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SHTT também esta implicado no metabolismo 6sseo (Feuer et al., 2015). O sistema
serotoninérgico destaca-se entre os sistemas de neurotransmissores envolvidos na
modulagdo do desenvolvimento e crescimento promovendo a regulacdo das interagdes
epitélio-mesenquimais, estimulando a migragao e diferenciagao celular durante a formagao
do tubo neural e arcos branquiais promovendo o surgimento de diferentes tecidos,
incluindo o desenvolvimento dos dentes (Fonseca, 2020). Moiseiwitsch (2000) sugere que
a captagdo de SHT ¢ importante durante as interagdes mesenquimais, das quais sao cruciais
para desenvolvimento dentdrio normal. Assim como na fase de botdo, o epitélio dental
invagina-se para o mesénquima subjacente, ele expressa imunorreatividade para SHT. Este
autor verificou que existe um gradiente de concentracao de serotonina a partir de uma fonte
vascular de serotonina aos locais de captacao de baixa afinidade presentes no epitélio
dentario invaginado. A descoberta da presenca de serotonina no interior do mesénquima
dentario e do epitélio dentario foi importante para a hipdtese da participacao da serotonina
no desenvolvimento dos dentes (Moiseiwitsch et al., 1998). A serotonina pode regular a
diferenciagdo dentaria, atuar como um sinal morfogenético dependente da dose para o
desenvolvimento craniofacial e regular a morfogénese dente-germe (Moiseiwitsch et al.,
1998). O numero de fatores de crescimento, receptores, moléculas de sinalizagdo, fatores
de transcricdo, moléculas intracelulares, moléculas extracelulares e moléculas de
membrana plasmatica que se pensa estar envolvidas indica a natureza complexa desse
processo (Moiseiwitsch, 2000).

E plausivel supor que o SHTT possa estar envolvido na fluorose através da formagéo
do esmalte. Riksen et al. (2011), estudando o6rgdos do esmalte em ratos e células
semelhantes a ameloblastos em cultura, demonstraram que 5SHTT ¢ expresso nos
ameloblastos, indicando que os 6rgaos do esmalte e ameloblastos sdo capazes de responder

a serotonina e regular a disponibilidade de serotonina. Eles também sugeriram que as
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alteragdes nos niveis de serotonina podem afetar diretamente o crescimento e a
mineralizacdo do esmalte durante o desenvolvimento dentario. Portanto, ¢ possivel que
alteragdes no gene SHT e / ou nos niveis de serotonina, possam levar a um esmalte, na
presenca de excesso de fliior, com maior risco de FD.

Apoiando o papel de SHT no desenvolvimento do esqueleto e formagao do dente,
SHT conduz a migragao e diferenciacdo das células da crista neural que estdo na origem
dos tecidos mineralizados da face oral (Baudry ef al., 2019). Recentemente foi verificado
que as células-tronco odontogénicas tém uma dupla funcao serotonérgica e dopaminérgica
(Baudry et al., 2015). Células pulpares sdo capazes de sintetizar SHT ¢ dopamina (DA) e
expressar todas as enzimas funcionais garantindo SHT / DA em seu metabolismo. Isso
inclui o triptofano hidroxilase e a tirosina hidroxilase, enzimas limitantes de taxa na sintese
de SHT e DA, respectivamente, bem como monoamina oxidases envolvidas no catabolismo
dessas bioaminas. Além disso, ambas as linhas celulares expressam SH7TT funcionais e
transportadores vesiculares (VMATS), que conferem a capacidade de co-armazenar 5- HT
e DA. Até agora, esse fenotipo SHT / DA misto ¢ uma descoberta intrigante que nunca
tinha sido descrita (Baudry et al., 2019).

Estima-se que mais de 200 milhdes de pessoas em todo o mundo sofrem de
endemia de fluor (Rasool ef al., 2018). Ainda que, a contribuicdo dos componentes
genéticos para a FD e sua relagdo com genes relacionados a baixa cogni¢do e ansiedade
vem sendo demonstrada por varios estudos (Chiang et al., 2020;Duan ef al., 2018; Choi
et al., 2012), ainda ndo se sabe ao certo qual ou quais sao 0s genes que mais se associam

com essa condigao.
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PROPOSICAO

Este estudo caso-controle tem como objetivo avaliar se as interagdes de alelos,
frequéncias de haplotipos e polimorfismos de nucleotideo tnico dos genes DRD?2 (rs6275,
1s6276), ANKK1 (rs1800497), COMT (rs6269, rs4818) e SHTT (rs38133034 e rs1042173)

estdo associados a FD em uma amostra de adolescentes brasileiros.
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Introduction

Dental fluorosis (DF) is a multifactorial condition that results in continuous
exposure of mineralized tissues, especially tooth enamel, to large amounts of fluoride
during its formation, resulting in a hypomineralized and functionally and aesthetically
compromised enamel (Fejerskov et al., 1990) however, studies on DF had a paradigm
shift when an inverse association between this condition and dental caries (Dean ef al.,
1942). Despite the evident reduction in the rate of decayed teeth after water fluoridation,
fluorosis in its various forms — skeletal, non-skeletal and dental - generates morbidity and
is a focus of concern in endemic areas (Pramaniak & Saha, 2017).

Although the molecular mechanisms responsible for fluorosis pathogenesis are
still unclear, it is well accepted that fluoride has an extremely high affinity for mineralized
tissues like teeth and bones and at elevated concentration, fluoride disturbs this
mineralization process of bones and tooth (Everett, 2011). Skeletal fluorosis affects bones
and joints and is a more serious problem than DF as it has the potential to cause permanent
deformity (Majumdar, 2011). The non-skeletal form of fluorosis can affect all soft tissues
and organs of the body, causing cognitive and neurological alterations (Dos Santos et al.,
2019; Huotari, 2002), nephrological, cardiac and thyroid disorders (Majumdar, 2011).

Regarding DF, it’s a very common among children and young people and is
caused by consumption of fluoride at slightly higher level than optimal (Mehta, 2013)
and, clinically, the affected teeth could appear to have white spots, yellow to brownish
discoloration, and/or pitting or mottling of enamel, depending on severity that could be
classified in very mild, mild, moderate, and severe (Dean, 1993). Enamel mineralization
is highly sensitive to free fluoride ions, so when fluoride gets incorporated into the enamel

crystals, fluoride forms fluoroapatite, and it affects the subsequent mineralization by
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reducing the solubility of mineral and this modulates the ionic composition of the fluid
surrounding the mineral (Aoba et al., 2002).

Despite DF is a multifactorial condition and does not always depend on the
amount of fluoride consumed (Saha ef al., 2021). There are strong evidences that the
inter-individual genetic variation may contribute to in the susceptibility or resistance to
the fluoride exposure (Pramaniak & Saha, 2017). In fact, it is hypothesized that fluorosis
could result from a complex interplay between candidate genes involved in enamel
formation exposed to environmental changes, including dietary patterns of fluoride intake
and other nutrients (Romualdo ef al., 2019). Many investigators have suggested that there
are a miscellaneous of genes like Distal Lesions homologs (DLX1 and DLX?2), Tissue
Metalloproteinase Inhibitors (7/MPI), Ameloblastin (4AMBN), Tuftelin-Interacting
Protein 11 (TFIP11) and Tuftelin Genetic Polymorphisms (TUFT1) (Castiblanco et al.,
2017; Kiichler et al., 2017; Kiichler et al., 2018), all of them encoding associated proteins
the metabolism of the bone/enamel structure (Huang et al., 2008; Willing et al., 2003;
Lau et al., 2004) or even MicroRNAs, which are critical structures for the development
of cells and organisms (Abbasoglu et al., 2020). Actually, several genetics
polymorphisms in these genes have been associated with DF (Ouyang et al., 2021,
Pramaniak & Saha, 2017; Vieira et al, 2005).

More recently, it was found that Single Nucleotide Polymorphisms (SNPs) in
genes that regulate the endogenous mechanisms of pain, stress, anxiety and intelligence
like Dopamine Receptors (DRDZ2), ankyrin repeat and kinase domain containing
1(ANKK1) and Catechol-O-Methyl transferase (COMT) and Serotonin Transporter gene
(BHTT) are related with fluoride intake (Zhao et al., 2021), bone calcification (Feuer et
al.,2015; Galli et al., 2013) and amelogenesis (Baudryet al., 2019), but there are still no

studies on its correlation with DF.
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Due to the multifactorial aspects of DF, at this point, a central question emerges:
can genetic polymorphisms in genes associated with anxiety, stress or emotional disorders
be associated with FD? Therefore, in order to answer this question, this case-control study
aims to evaluate if allele, haplotype frequencies and single nucleotide polymorphims
interactions in DRD?2 (156275, 1s6276), ANKK 1 (rs1800497), COMT (rs6269, rs4818) and
SHTT (rs38133034 and rs1042173) genes are associated DF in a population of Brazilian

adolescents.

Materials and Methods

The local Human Ethics Committee approved this study (Process no. 2.006.086),
participants received written information about the study, and signed consent was
obtained from a parent for all parents/guardians. The study followed the Declaration of
Helsinki guidelines. For this case-control study, a random sample was selected from
previous cross-sectional studies with a representative sample of 934 adolescents aged 10
to 14 years (Bertoli et al., 2018). For this study, our sample was composed by 45
adolescents affected by DF and 211 unaffected adolescents randomly selected using a

random number generator website (www.randomizer.org). The data were collected from

September 2014 to July 2016 and follow the STROBE statement (https://www.strobe-

statement.org/index.php?id=strobe-home).

Determination of DF Phenotype

Trained examiners conducted the dental examinations. All the examiners carried
out the clinical examination after being trained by an experienced specialist (J.A.B).
Subjects were seated in a dental chair, and the examiner used a probe and a dental mirror

according to the criteria recommended by the World Health Organization guidelines. DF
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was assessed using the modified Dean index (Rozier, 1994) with the examination, and a
score was registered. This index allows the classification of fluorosis into 3 degrees: mild
(very mild and mild), moderate, and severe. The questionable degree was excluded. The
current analysis used data from early-erupting permanent teeth and did not use DF
phenotype data from primary dentition. For the mixed dentition, only erupted permanent

teeth were assessed.

DNA Samples and Genotyping

Genomic DNA for molecular analysis was extracted from buccal cells based on
the reported method (Kiichler et al., 2012). Genetic polymorphisms were genotyped by
real-time PCR using the TagMan assay. The polymorphisms were selected based on allele
frequency, linkage disequilibrium structure, and suggested association with DF. Gene and
polymorphism characteristics are described in Table 1.

After performing the clinical examination, the cells were individually collected in
a private environment so as not to cause any kind of embarrassment to the adolescents.
Each teenager gave two mouthwashes with 5 mL of autoclaved 3% glucose solution, for
1 minute, with an interval of 5 minutes each (Trevilatto & Line, 2000). After each
mouthwash, the cells of the oral mucosa were scraped with a wooden spatula in order to
collect the patients' DNA. The solutions were deposited in collecting tubes that were
stored in a styro foam containing ice until they arrived at the molecular genetics
laboratory at Universidade Positivo (UP), Curitiba, Parana, Brazil. Each tube was
centrifuged at 2000 rpm for 10 min to separate the pellet of cells that detach from the oral
mucosa of the supernatant (saliva + 3% glucose). This cell pellet was transferred to a
buffer solution (10 mM TrisHCI, 0.1 M EDTA, 0.5% SDS - pH 8.0 - Sigma-Aldrich ®)

and stored in a freezer at —20°C until use.
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On the following days, DNA was extracted according to the protocol by Trevilatto
& Line (2000) according to which, after thawing, 10 puL of proteinase K (20 mg/mL) was
added to the solution, which was left for 08 hours at 650C. The DNA was purified by
adding 10 M ammonium acetate, precipitated with isopropanol and ethanol and then
resuspended in 50 ul of 10 mM Tris (pH 7.8) and 1 mM EDTA.

After resuspension of the DNA in Tris-EDTA or DNAse and RNAse-free water,
the DNA sample was quantified with the aid of a spectrophotometer (Biophotometer —
Eppendorf), in addition to estimating its purity by the OD 260/280 ratio. Further
purification was performed with the Qiagen Flexigene Kit (PN 51206) (Qiagen Benelux
®) following manufacturer's recommendations. After purification, genomic DNA was
again quantified in a spectrophotometer. Figure 3 shows the sequence used for DNA
extraction and purification.

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 DRD?2 gene (rs6275 and rs6276), one
polymorphism of the ANKK gene (rs1800497), two polymorphisms of the COMT gene
(rs6269 and rs4818) and two polymorphisms of the SHTT gene (rs3813034 and
rs1042173) were selected. Table 1 describes characteristic of the studied genes and

polymorphisms studied.

Table 1 - Genes and polymorphisms studied

Gene Position SNP MAF Base Change

DRD?2 11g23.2 156275 0.473 A/G
11g23.2 156276 0.466 C/T

ANKK1 11g23.2 rs1800497 0.325 G/A
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comrT 22ql1.1-q11.2 rs6269 0.356 A/G
22q11.1-q11.2 rs4818 0.296 C/G/T

SHIT 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
Allele and haplotype frequencies comparisons were performed by PLINK version

1.06 (https://zzz.bwh.harvard.edu/plink/Id.shtml). Genotypic analysis was performed by

Fisher exact test and Poisson Regression adjusted by gender. Prevalence Ratio (PR) and
95% Confidence Interval (95% CI) were obtained by Poisson Regression. These analyses
were performed in were performed by IBM SPSS version 25.0 (IBM Corp. Armonk,
USA), and values of p<0.05 indicate statistical difference.

To identify SNP-SNP interactions, Multifactor dimensionality reduction (MDR)

(sourceforge.net/projects/mdr/files) was done using gender as co-variables. 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 256 adolescents participated of this study. The sample was composed
by 45 (17.6%) affected by DF and 211 (82.4%) unaffected individuals; 145 (56.6%) were

female and 111 (43,4%) were male. Regarding type of DF, most of affected individuals
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presents mild, very mild or moderate condition. Only three girls presented severe

condition. Table 2 summarize collected data.

Table 2- Characteristic of the studied population according to DF distribution.

Total (%) Male (%) Female (%)

Unaffected 211 (82.4) 92 (82.9) 119 (82.1))
Dental Very mild 20 (7.8) 11 (9.9) 9(6.2)
Fluorosis Mild 9(3.5) 32.7) 6 (4.1)
Moderated 13 (5.1) 5(4.5) 8 (5.9)
Severe 3(1.2) 0 (0.0) 32D

Table 3 show the allelic and haplotype analysis in the affected and unaffected
groups. There are no association between DF and studied genetic polymorphism in
ANKK1, COMT and SHTT genes in allelic or haplotype models both models (p>0.05),
but DRD2 gene present an interesting result: the minor allele in rs6275 suggest an
association with DF (p=0.040) while minor allele in rs6276 was borderline for DF
(p=0.07). When the analysis was performed to investigate the interaction SNP x SNP,
haplotypes T-G and C-A in rs6275 and rs6276 again were associated with DF (p=0.04

and p=0.05; respectively).
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Table 3- Comparisons of allele and haplotype frequencies.

SNPs Minor Allele
Genes Control Fluorosis P#
1s6275 C 35.7 47.6 0.040
DR2D 156276 A 37.4 47.6 0.077
ANKK1 rs1800497 C 22.1 26.7 0.352
rs6269 G 39.8 34.7 0.420
COMT rs4818 G 34.4 38.4 0.365
SHTT rs38133034 C 43.5 40.5 0.638
rs1042173 C 39.8 34.7 0.583
Haplotypes Control Fluorosis p*
T-G 62.8 50.6 0.042
DR2D rs6275 and rs6276 T-A 1.5 2.5 0.556
C-A 35.5 46.8 0.058
A-C 60.1 67.2 0.314
A-G 1.5 0 0.347
COMT rs6269 and rs4818 G_C 6.0 5 0.804
G-G 323 27.5 0.480
A-A 54.9 58.1 0.626
SHTT rs38133034 and A-C 1.3 1.3 0.985
rs1042173 C-A 0.09 1.3 0.787
c-C 42.7 29.1 0.581

Notes. # PLINK compare the frequencies between the major allele by chi-square test. * PLINK compare the frequencies
between expected number of haplotypes by fisher test. Boldformsmean p values<0.05.

Table 4 summarizes the genotypes distributions among affected and unaffected
groups for each gene. Again, DRD2 shows important results. Its seems that individuals
who carried C allele in rs6275 and A allele in rs6276 have more possibility to
development of DF. In fact, genotype CC for rs6275 (p" = 0.04; p™ = 0.007; PR™ = 5.37)
and genotype AA for rs6276 (p™ = 0.009; PR™ = 5.10) increased significantly the change
for DF. There were no significant association between DF and genotypes in other genes

(p>0.05).

32



Table 4 - Genotypic distribution between individuals affected or unaffected by DF.

Affected Unaffected

Genes | SNPs Genotypes | n % n % p* p™ PR™ (95% CI)
TT 90 443 15 357 Ref.
rs6275 TC 81 399 14 333 >0.999 0.089 2.85(0.85-9.58)
DRD2 CcC 32 158 13 31.0 0.041 0.007 5.37(1.59-18.11)
GG 83 417 13 30.2 Ref.
rs6276 GA 83 417 19 442 0342 0.107 2.70 (0.80 —9.05)
AA 33 166 11 256 0.145 0.009 5.10(1.51-17.25)
TT 128 61.5 24 55.8 Ref.
ANKKI | rs1800497 TC 68 327 15 349 0.714 0.718 1.15(0.53 —2.48)
CcC 12 58 4 9.3 0.311 - -
AA 56 366 14 389 Ref
rs6269 AG 72 47.1 19 528 >0.999 0.704 0.86(0.39 —1.86)
GG 25 163 3 8.3 0.380 0.268 0.45(0.11 —1.83)
comtT CcC 61 433 14 46.7 Ref.
rs4818 CG 63 447 15 50.0 <0.999 0.555 0.79(0.37-1.69)
GG 17 121 1 3.3 0.287 0.198 0.27(0.04 — 1.94)
AA 48 31.0 12 324 Ref
rs38133034 AC 79 510 20 541 <0999 0.691 1.19(0.50—2.83)
SHTT CcC 28 18.1 5 13.5 0.779 0.924  1.06 (0.29 —3.86)
AA 50 31.8 13 342 Ref.
rs1042173 AC 75 1 47.8 19 50.0 <0.999 0.920 1.04(0.46 —2.35)
CcC 32 204 6 15.8  0.608 0.866 0.89(0.25-3.17)

Notes: pu was obtained by Fisher Exact Test. pm and Prevalence Ratio (PR) were obtained by Poisson regression
adjusted by gender. A complete or quasi-complete data separation made it impossible to analyze some genotypes in
Poisson regression. Bold forms mean p values< 0.05.

In order to confirm the association between rs6275 and rs6276 with DF, the next
step was diplotype analisys. Diplotypes CC+AA evidenced an increased probability of

FD (p=0.007). Diplotype TC+ GA was bordeline (p=0.095) (table 5).

Table 5- Analysis of diplotypes with SNPs of the DR2D gene.

Reference

1 () — *
SNPs ISl Diplotypes PR (95% CI) p-value
56275 and T Ge TC + GA g;z E(l)g?; : 9.35) 0.095
rs6276 CC+AA 1'7 66) ’ 0.007

Notes: PR means Prevalence Ratio. Bold forms mean p values < 0.05.
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Table 6- Comparisons between control group and categorized fluorosis groups.

Control Very Mild and Mild Moderate and Severe
Genes SNPs Genotypes n % n % pY p™ n % pY pm
TT 90 443 11 27.8 Ref. 4 26.7 Ref.
rs6275 TC 81 39.9 7 33.3 0.621 0.274 7 46.7 0.359 0.317
cC 32 15.8 9 38.9 0.110 0.003# 4 26.7 0.216 0.167
DR2D GG 83 41.7 9 22.2 Ref. 4 25.0 Ref.
rs6276 GA 83 417 10 444  >0.999 0.310 9 56.3 0.251 0.210
AA 33 16.6 8 33.3 0.159 0.004t 3 18.8 0.416 0.426
T 128 615 15 55.0 Ref. 9 60.0 Ref.
ANKK1 rs1800497 TC 68 32.7 10 40.0 0.658 0.985 5 33.3 >0.999 0.929
cC 12 5.8 3 5.0 0.382 >0.999 1 6.7 >0.999 0.868
AA 56 36.6 10 41.2 Ref. 4 30.8 Ref.
rs6269 AG 72 47.1 11 471 0.814 0.798 8 61.5 0.555 0.519
COMT GG 25 16.3 2 11.8 0.498 0.156 1 7.7 >0.999 0.613
cC 61 433 10 471 Ref. 4 50.0 Ref.
rs4818 CG 63 447 11 471  >0.999 0.585 4 50.0 >0.999 0.970
GG 17 12.1 1 5.9 0.450 0.222 0 0.0 0.575 -
AA 48 31.0 6 22.2 Ref. 6 46.2 Ref.
rs38133034 AC 79 51.0 13 50.0 0.799 0.097 7 53.8 0.563 0.549
cC 28 18.1 5 27.8 0.741 0.113 0 0.0 0.090 -
SHTT AA 50 31.8 7 21.1 Ref. 6 46.2 Ref.
rs1042173 AC 75 47.8 13 526 0.806 0.273 6 46.2 0.548 0.498
cC 32 20.4 5 26.3  >0.999 0.301 1 7.7 0.251 0.220

Notes: # PR =4.28 (95% CI=1.64 —11.17). } PR = 4.04 (95% CI=1.54 — 10.55). p*was obtained by Fisher Exact
Test. p™ and Prevalence Ratio (PR) were obtained by Poisson regression adjusted by gender. All comparisons were
performed with control group as reference. A complete or quasi-complete data separation made it impossible to
analyze some genotypes in Poisson regression.

When the analysis was adjusted by DF phenotype (very mild, mild, moderate and
severe) there are evidence that DRD2 gene, rs6275 was strongly associated with very
mild DF in the genotype CC (p"= 0.003). The rs6276 also was associated with very mild

and mild DF in the AA genotype (p"= 0.004) (table 6).

Next, we performed the between-gene multifactor dimensionality reduction
(MDR) analysis step for the gene-gene interactions. Table 7 shows the best SNPxSNP
combinations. Among the combinations, the best SNP combination with the highest value

of'test BA was rs6276 (DRD2),rs1800497 (ANKK1), rs4818 (COMT), rs1042173 (5HTT)
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(p=0.035). So, this combination reveals strong synergist relation between these

polymorphisms and predisposed to DF (Figure 1)

Table 7- Summary of MDR analysis results for DF.

Locus Best CV*  TBA** P***
number Combination
2 16275 (DRD2),rs38133034(5HTT) 5/10  0.490 0.959
3 156275 (DRD2),1s4818 (COMT), rs38133034 (5SHTT) 6/10  0.559 0.582
4 1s6276(DRD2), rs1800497 (ANKK1), rs4818 (COMT), rs1042173 9/10  0.650 0.035
(SHTT)
5 16276 (DRD2), 1s1800497 (ANKK1), 1s6269 (COMT), rs4818 4/10  0.542 0.703
(COMT), 1s1042173 (SHTT)
6 16276 (DRD2), rs1800497 (ANKK1), 1s6269 (COMT), rs4818 9/10  0.560 0.575
(COMT), 138133034 (SHTT), 1s1042173 (SHTT)
7 16275 (DRD2), 1s6276 (DRD2), rs1800497 (ANKK1), rs6269 10/10 0.547 0.664
(COMT), 154818 (COMT), rs38133034 (SHTT), rs1042173 (SHTT)

Note: Bold forms means statistical significance difference (p<0.05). * Cross-validation consistency. **
Testing Balanced. Accuracy. *** P-values were based on 1000 permutations test.

Rzl:l_rsﬂz? :

I synergy
0.84% I
ANKK1_rs180049
0.60% ]

I Redundancy

Figure 1- 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
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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.

Discussion

Can genetic polymorphisms commonly associated with anxiety, stress or
emotional disorders contribute to the development of DF? This is the key question of this
case-control study and in order to answer this question we designed a study that used
genetic analysis tools that allowed for some interesting observations. DNA samples from
256 Brazilian adolescents, most of them unaffected by DF, were collected and allelic,
haplotype and diplotype analyses in DRD2 (156275, 1s6276), ANKK 1(rs1800497), COMT
(rs6269, rs4818) and SHTT (rs38133034 and rs1042173) genes were performed. Our first
observation was that DRD2, both SNPs, showed an association with DF in allelic and
genotypic model and also in the haplotype and diplotype analysis. Surprisingly, when we
performed the between-gene multifactor dimensionality reduction analysis step for the
gene-gene interactions the combination rs6276 (DRDZ2), rs1800497 (ANKKI1), rs4818
(COMT), 11042173 (SHTT) reveals strong synergist action to predisposed to DF.

Dopamine is the predominant neurotransmitter in the central nervous system,
involved in a wide variety of physiological processes (Bjorklund & Dunnet, 2007) and its
receptor is a family of protein-coupled receptors called Dopamine receptor 1 through 5.
Dopamine Receptor D2 are codified by DRD2 and Ankyrin Repeat Domain Containing
One (ANKK ) genes that have similar pattern of association (Usiello, 2000; Neville, 2004;
Lee, 2018; Masiak et al., 2020). It is known that the D2 receptor is related to motor
activity, reinforcement mechanisms, as well as learning and memory (Missaleet al., 1998)
and susceptibility to post-traumatic stress disorder (Chiang et al., 2020). In addition,

DRD2-ANKK rs1800497 has been linked to body weight, pathological eating behavior
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and risk of alcoholism (Munafo et al., 2007) and recently to lower bone density (Chiang
et al., 2020), which may lead to the hypothesis that there is a relationship of this
polymorphism with the bone mineralization process or teeth mineralization process. We
did not find any association between this polymorphism and DF but two other
polymorphisms in the DRD?2 gene were associated with DF both in the genotypic and
allelic models and in the haplotype analysis. It appears that genotype CC, allele C for
rs6275 and genotype AA, allele A for rs6276 significantly increased the risk for DF.
Interesting that polymorphisms in COMT and SHTT genes were not associated
with DF. COMT gene encodes Catechol-O-methyltransferase enzyme, a key enzyme that
recapture dopamine in the synaptic cleft (Huotari et al., 2002). It was observed that
polymorphisms in COMT genes in children’s that living in area with endemic fluorosis
are associated with lower cognitive level in these children (Zhang et al., 2015; Zhao et
al.,2021; Das & Mondal, 2016; Induswe et al., 2018; Rocha- Amador ef al.,2007; Seraj
et al., 2012, Yu et al., 2019). So, we hoped to find this association in our sample.
Unfortunately, none of the genetic polymorphisms in COMT gene were associated DF.
SHTT gene encodes a highly specific plasma membrane transporter for the uptake
of serotonin from the synaptic cleft (David & Gardier, 2016). SHTT is also implicated in
bone metabolism (Galli et al., 2013; Feuer et al., 2015), modulation of development and
growth, promoting the regulation of epithelial-mesenchymal interactions, stimulating cell
migration and differentiation during the formation of the neural tube and branchial arches,
promoting the emergence of different tissues, including the development of teeth (Baudry
et al., 2015). Moiseiwitsch (2000) suggests that SHTT uptake is important during
mesenchymal interactions, which are crucial for normal tooth development. Baudry et al.
(2019) found that there is a serotonin concentration gradient from a vascular source of

serotonin to the low-affinity uptake sites present in the invaginated dental epithelium. The
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discovery of the presence of serotonin within the dental mesenchyme and dental
epithelium was important for the hypothesis of the participation of serotonin in the
development of teeth (Moiseiwitsch ef al., 1998) and a key to analyze this gene in this
work. Again, in genotypic and allelic models none of the SH7TT polymorphisms were
associated with DF.

Once results from genotypic and allelic models provide evidences that only DRD?2
was associated with DF, our next step was to analyze interactions between
polymorphisms: haplotype and diplotype analysis. Haplotype analysis not only provides
crucial information about evolutionary history but can also help us identify genetic
variants linked to various human traits (Zhao et al., 2003). In our study, a total of 11
haplotypes were generated with the 7 SNPs of the genes of the present case-control study.
The result by T-G and C-A haplotype confirmed that the rs6275 and 6276 polymorphisms
of the DRD?2 gene predispose to DF. For the diplotype analysis, the TT and GG genotypes
of the unaffected individuals were combined and compared to the TC+GA and CC+AA
in the affect individuals. The result was that the CC + AA diplotypes significantly
increased probability of DF.

As for the severity of DF, the results that had the greatest association were in the
very mild form group. Most cases reported in the current literature in Brazil, including
the main and largest survey on oral health carried out in Brazil (SB Brasil, 2012), point
to the predominance of very mild or mild fluorosis at 12 years old (Cunha, 2006; Lima et
al, 2019), and this work is in according with observation once most of the affected
individuals has mild or very mild DF. There is evidence that DRD2 gene, rs6275 was
strongly associated with very mild DF in the genotype CC. The rs6276 also was

associated with DF in the AA genotype.
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Finally, we performed the multifactor dimensionality reduction to estimate
interactions between evaluated genes. Obviously, DF as well odontogenesis are a
complex biological phenomenon, highly regulated, with several systems involved, in
which several factors participate, resulting in the creation of dental and periodontal
tissues, it is important to have a myriad of genes that regulate this process. Understanding
the molecular pathways of DF, as well as the way in which they are associated, is a not
an easy task to unravel the genetic basis of complex multifactorial diseases and conditions
and one of the biggest challenges is to assess the interactions between SNPs. We try to
evaluate the interaction between unusual genes and the interaction map demonstrated
some synergistic interactions that could have an effect on individual susceptibility to DF.
The best association was DRD?2 (rs 6276 -0.84%), ANKK1 (rs1800497-0.60%), COMT
(rs4818-0.74%) and SHTT (rs1042173-0.91%) gene polymorphisms point to a synergist
relation between these polymorphisms and predisposed to DF.

Studies show that there is an interaction between dopamine and serotonin genes
in mesenchymal processes of dental organ formation and in odontogenic stem cells,
acting synergistically in dental repair (Baudry et al., 2015; 2019), but there are no studies
on the role of dopamine or serotonin in enamel formation and as far as we know this is
the first study that evaluated the interaction between Dopamine, Cathecol-O-
Methyltransferase, Ankyrin Repeat Domain Containing One and Serotonin Transporter
genes and showed that they acts synergistically to DF. Therefore, further studies should
investigate the mechanisms of action of dopamine, especially DRDZ2, in dental

mineralization once both studied polymorphisms were associated with DF in this study.
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Conclusion

Gene DRD?2, rs6275 and 6276 polymorphisms are associated with mild and very
mild dental fluorosis and there is an interaction between DRD2 (rs6276), ANKK]I
(rs1800497), COMT (rs4818) and SHTT (rs1042173) gene polymorphisms in the

manifestation of DF.
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CONSIDERACOES FINAIS

Como conclusdo, os polimorfismos do gene DRD2, rs6275 e 6276 estdo associados
a fluorose dentdria muito leve e leve e ha uma interacdo entre os polimorfismos do gene
DRD2 (rs6276), ANKKI1 (rs1800497), COMT (rs4818) e SHTT (rs1042173) na

manifestagdo de FD.
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APENDICE -METODOLOGIA

Desenho do Estudo

O Comité de Etica em Seres Humanos da Universidade Federal do Paran4, Parana,
Brasil aprovou este estudo (Processo n° 2.006.086), os participantes receberam
informacgdes por escrito sobre o estudo e foi obtido consentimento assinado de um dos
pais para todos os pais / responsaveis. O estudo seguiu as diretrizes da Declaragdo de
Helsinque. Para este estudo caso-controle, uma amostra aleatoria foi selecionada de
estudos transversais anteriores com uma amostra representativa de 934 adolescentes com
idades entre 10 e 14 anos (Bertoli ef al., 2018). O tamanho final da amostra foi de 256
(45 afetados e 211 ndo afetados). Porém, nossa amostra foi composta por 45 casos e para
analise de associacao, foi selecionada uma amostra aleatoria de 211 controles por meio
de um site gerador de numeros aleatérios (www.randomizer.org). Os dados foram
coletados de setembro de 2014 a julho de 2016 e seguem a declaragdo STROBE

(https://www.strobe-statement.org/index.php?id=strobe-home).

Determinacio do fenétipo FD

Examinadores treinados conduziram os exames odontologicos. Todos os
examinadores realizaram o exame clinico apods treinamento de especialista experiente
(J.A.B). Os participantes foram sentados em uma cadeira odontologica, e o examinador
utilizou uma sonda e um espelho dental de acordo com os critérios recomendados pelas
diretrizes da Organizacdo Mundial de Saude. DF foi avaliada usando o indice de Dean
modificado (Rozier, 1994) com o exame, ¢ uma pontuacdo foi registrada. Este indice

permite a classificacdo da fluorose em 3 graus: leve (muito leve e leve), moderado e grave.
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O grau questionavel foi excluido. A analise atual usou dados de dentes permanentes em
erupcao precoce € nao usou dados de fenotipo DF da dentigdo decidua. Para a denti¢ao

mista, apenas os dentes permanentes erupcionados foram avaliados.

Amostras de DNA e genotipagem

O DNA gendmico para analise molecular foi extraido de células bucais com base
no método relatado (Kiichler ef al., 2012). Polimorfismos genéticos foram genotipados
por PCR em tempo real usando o ensaio TagMan. Os polimorfismos foram selecionados
com base na frequéncia do alelo, estrutura de desequilibrio de ligacdo e associagdo
sugerida com FD. As caracteristicas do gene e do polimorfismo sao descritas naTabela 1.

ApOs a realizagdo do exame clinico, as células foram coletadas individualmente
em ambiente privativo para ndo causar qualquer tipo de constrangimento aos
adolescentes. Cada adolescente aplicou dois bochechos com 5 mL de solugdo autoclavada
de glicose a 3%, por 1 minuto, com intervalo de 5 minutos cada (Trevilatto & Line, 2000).
Ap0s cada bochecho, as células da mucosa bucal foram raspadas com uma espatula de
madeira para a coleta do DNA dos pacientes. As solu¢des foram depositadas em tubos
coletores que foram armazenados em isopor contendo gelo até chegarem ao laboratdrio
de genética molecular da Universidade Positivo (UP) de Curitiba, Parana, 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 soluc¢ao tampao (10 mM TrisHCI, 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 extraido conforme protocolo de Trevilatto e Line

(2000) segundo o qual, ap6s o descongelamento, foram adicionados a solugdo 10 pL de
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proteinase K (20 mg / mL), que foi deixada por 08 horas em 650C. O DNA foi purificado
pela adigcdo de acetato de amoénio 10 M, precipitado com isopropanol e etanol e entdo
ressuspenso em 50 ul de Tris 10 mM (pH 7,8) e EDTA 1 mM.

Ap0s ressuspensao do DNA em Tris-EDTA ou DNAse e dgua livre de RNAse, a
amostra de DNA foi quantificada com auxilio de espectrofotometro (Biophotometer -
Eppendorf), além de estimar sua pureza pela razao OD 260/280. Purificagao adicional foi
realizada com o kit Qiagen Flexigene (PN 51206) (Qiagen Benelux ®) seguindo as
recomendacdes do fabricante. Apds a purificagdo, o DNA genomico foi novamente
quantificado em espectrofotometro. A Figura 3 mostra a sequéncia usada para extracao e
purificacao de DNA.

Os SNPs foram selecionados por meio de consulta ao site do International
HapMap Project (www.hapmap.org), que ¢ uma unido de varios paises para desenvolver
um mapa com padrdes de variagdes de sequéncia de DNA. Neste banco de dados,
informacdes sobre os SNPs nos genes de interesse estao disponiveis. Dois SNPs do gene
DRD2 (rs6275 e rs6276), um polimorfismo do gene ANKKI1 (rs1800497), dois
polimorfismos do gene COMT (rs6269 e rs4818) e dois polimorfismos do gene SHTT

(rs3813034 e rs1042173) (tabela 13034) foram selecionados.
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Tabela 1 - Genes e polimorfismos estudados

Gene Position Polymorphism | MAF Base Change
DRD?2 11g23.2 rs6275 0.473 A/G
11q23.2 156276 0.466 C/T
ANKK1 11g23.2 rs1800497 0.325 G/A
comMT 22qll.1-q11.2 rs6269 0.356 A/G
22ql1.1-q11.2 rs4818 0.296 C/G/T
SHTT 17q11.2 rs3813034 0.483 A/C
17q11.2 rs1042173 0.485 G/T

Nota: MAF significa frequéncia de alelo menor. Recuperado do banco de dados:

ncbi.nlm.nih.gov

Analise Estatistica

As comparagdes de frequéncias de alelos e haplotipos foram realizadas pelo

PLINK versdo 1.06 (https://zzz.bwh.harvard.edu/plink/ld.shtml).

A analise genotipica foi realizada pelo teste exato de Fisher e regressdao de
Poisson ajustada por sexo. Razdo de Prevaléncia (RP) e Intervalo de Confianca de 95%
(IC95%) foram obtidos por Regressdao de Poisson. Essas andlises foram realizadas no
IBM SPSS versao 25.0 (IBM Corp. Armonk, EUA), e valores de p <0,05 indicam
diferenca estatistica.

Para identificar as interagdes SNP-SNP, a reduc¢ao de dimensionalidade
multifator (MDR) (sourceforge.net/projects/mdr/files) foi feita usando género como
covariaveis. O MDR executa uma consisténcia de validac¢ao cruzada de 10 vezes (CVC),
testando a precisdo de balanceamento (TBA) e o teste de permutacdo de 1000 para

determinar a significancia estatistica dos modelos. Modelos com consisténcia de
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validagdo 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 grafico de interacao

criado por MDR.
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