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RESUMO

Da Silva Felix Mafei Fernanda. Fatores ambientais e variagdes genéticas nos genes AMBN,
ENAM, KLK4, IRF6, TFGa em individuos com Hipomineralizacdo Molar Incisivo. Rio de
Janeiro 2020. Tese (Doutorado em Odontologia — Area de concentragdo: Odontopediatria) —
Faculdade de Odontologia, Universidade Federal do Rio de Janeiro, 2020.

Trata-se de uma tese composta por quatro estudos, com o objetivo de avaliar possiveis
fatores etioldgicos (ambientais e genéticos) associados a presenca de Hipomineralizacdo
Molar Incisivo (HMI) através de (a) : um estudo observacional transversal para verificar a
prevaléncia de HMI na amostra estudada, junto com uma revisdo bibliografica da
prevaléncia desta condicdo na populacdo brasileira (objetivo-1); associacdo de fatores
ambientais (durante o periodo gestacional e nos primeiros anos de vida) relacionados a
presenca de HMI e a influéncia destes fatores com a gravidade dessa condicdo (objetivo-I1);
associagdo dos polimorfismos de unico nucletideo (SNPs) localizados nos genes
ameloblastina (AMBN), enamelina (ENAM) e calecreina com HMI, além da possivel
susceptibilidade dos SNPS com a cérie dentaria (objetivo-I11) e a interacdo entre fatores
ambientais e as varia¢fes genéticas nos SNPs localizados nos genes fator 6 regulator de
interferon (IRF6) e fator de crescimento transformador alfa (TGFa) estudados em amostras
no Rio de Janeiro, Curitiba e turca (Istambul) (objetivo-1V). As coletas de dados do presente
estudo foram realizadas em duas etapas: clinica e laboratorial. Os resultados encontrados
foram: (1) uma alta heterogeneidade entre os estudos (Q=52,81, p<0.01, 12=98) com a
prevaléncia final de HMI de 13.48% na populagéo barasileira; (I1) as intercorréncias na
gestacdo e o uso de medicamentos na primeira infancia tiveram uma associacao significativa
com a presenca de HMI (OR = 3,01; 95% CI = 1,74- 8,42; p=0,014; OR = 3,55; 95% CI =
1,35-10,57; p = 0,019 ), entretanto esses fatores ndo influenciaram a gravidade dessa
condicdo (p>0,05); (I11) houve um resultado significativo no SNP rs2235091 localizado no
gene KLK4 com a HMI (p<0,001), e os polimorfismos rs4694075 (AMBN) e rs3796704
(ENAM) mostraram associacdo com a carie dentaria (p<0.05); (IV) a amostra do Rio de
Janeiro apresentou uma interacao entre 0s SNPs rs1523305 (7GFa) e rs642961 (IRF6) (p =
0,03) e entre rs2073487 (IRF6) e rs2902345 (TGFa) (p = 0,04). Além disso, no estudo de
Istambul houve uma associagéo entre 0 SNP rs930655 (7TGFa) com todos os marcadores do
gene IRF6 (p<0,05). Em relacdo ao uso de medicamentos nos primeiros anos de vida houve
uma associacdo com os genes TGFa e IRF6 nas amostras de Curitiba e do Rio de Janeiro
(p<0,05). Conclui-se que; (I) a prevaléncia de HMI é de 13.48% na populacao brasileira; (I1)
existe uma relacdo entre a presenca de HMI com complicacdes que ocorrem durante a
gestacdo (uso de medicamentos) e nos primeiros anos de vida da crianca, entretanto esse
fatores ndo influenciaram na gravidade dessa condicdo; (111) os genes que atuam na formacéo
do esmalte sdo capazes de influenciar tanto no desenvolvimento da HMI como podem estar
associados a carie dentaria e (IV) os polimorfismos localizados nos genes IRF6 e TGFo. estdo
relacionados com o desenvolvimento da HMI. Além disso, 0 uso de medicamentos nos
primeiros anos de vida podem potencializar o desenvolvimento da HMI.

Palavras Chaves: Esmalte dentario, Etiologia, Epidemiologia, Anomalias dentéarias, Gene



ABSTRACT

Da Silva Felix Mafei Fernanda. Fatores ambientais e varia¢cdes genéticas nos genes AMBN,
ENAM, KLK4, IRF6, TFGa em individuos com Hipomineralizacdo Molar Incisivo. Rio de
Janeiro 2020. Tese (Doutorado em Odontologia — Area de concentragdo: Odontopediatria) —
Faculdade de Odontologia, Universidade Federal do Rio de Janeiro, 2020.

It is a thesis composed of four studies, with the main to evaluate possible etiological factors
(environmental and genetic variation) associated with the presence of MIH in the Brazilian
population through (e); (objective-1); a cross-sectional observational study, with a bibliographic
review of the prevalence of MIH in Brazil (objective-I); to determine of environmental factors
(during in the pregany period and childhood) associated with the presence of MIH, and to
evaluate the influence of these factors with the MIH severity (objective-I1); associations of single
nucleotide polymorphism (SNPs) presentin the genes ameloblastin (AMBN), enamelin (ENAM)
and kalekrein (KLK-4) with MIH, in addition to the possible susceptibility of this genes to
dental caries (objective-111); and interaction of environmetal factors and to determine the
influence of genes interferon regulatory factor 6 (IRF6) and transforming growth factor alpha
(TGFa) with MIH in a Brazilian (Rio de Janeiro e Curitiba) and Turkish (Istanbul) population
(objective-1V). Data collections of the present study were carried out in two stages: clinical and
laboratory.The results found were: (1) a high heterogeneity among the studies (Q = 52.81,
p<0.01, 12 = 98) with a final prevalence of 13.48% na Brazilian population; (I1) an association
between intercurrences during pregnancy and child taking medications with the presence of MIH
(OR = 3.55; 95% C.I = 1.35-10.57, p= 0.014; OR = 3.01; 95% C.I = 1.74- 8.42, p= 0.019,
respectively), however these factors did not influence the severity of MIH (p>0.05); (111) there
was an association between the variant alleles of polymorphisms rs2235091 in the KLK4 gene
(p<0.01) with the presence of MIH and the SNPs rs4694075 in AMBN and rs3796704 in ENAM
presents association with dental caries (p<0.05); (1V) that the study from Rio de Janeiro showed
a statistical evidence of interaction between TGFA rs1523305 and IRF6 rs642961 (p=0.03) and
between genes IRF6 rs2073487 and TGFA rs2902345 (p=0.04). Significant results were found
for the study from Istanbul between T7GFa rs930655 and all IRF6 markers (p<0.05). Also, there
was found statistical evidence for interaction of the SNPs in IRF6 and TGFo genes and
medication taking from Curitiba and Rio de Janeiro studies (p<0.05). In summary; (I) the
prevalence of MIH is 13.48% in the Brazilian population; (I1) there is a relationship between
complication that occur during pregnancy and in the child's first years of life with the presence
of MIH, however these factors do not influence the severity of this condition; (I11) the genes
that acting in the enamel formation may influence the development of MIH and them, may be
associated with dental caries; (V) the polymorphisms located in the IRF6 and 7GFo genes play
a role in the development of MIH in different populations and that these genes may interacting
with the medication taken in the first years of life, pontecialising the presence of MIH.

Keywords: Enamel defects; Etiology; Epidemiology, Tooth anomalies, Gene.



RESUMEN

Da Silva Felix Mafei Fernanda. Fatores ambientais e varia¢cdes genéticas nos genes AMBN,
ENAM, KLK4, IRF6, TFGa em individuos com Hipomineralizacdo Molar Incisivo. Rio de
janeiro 2020. Tese (Doutorado em Odontologia — Area de concentracdo: Odontopediatria) —
Faculdade de Odontologia, Universidade Federal do Rio de Janeiro, 2020.

Es una tesis compuesta por cuatro estudios, evaluar posibles factores etioldgicos
(ambientales y genéticos) asociados con la presencia de HMI en la poblacion brasilefia a
través de (e): um estudio observacional, junto con una revisién bibliografica de la
prevalencia de HIM em no Brasil (objetivo-1); interaccion de los factores ambientales
associados con la presencia de HIM y la influencia de estos factores con el grado de
severidad de HIM (objetivo I1); asociacion de polimorfismos de un solo nucleétido (SNPs),
ubicados en los genes ameloblastina (AMBN), enamelin (ENAM) vy calicreina con HIM,
ademas de la posible susceptibilidad de estos SNPs a la caries dental (objetivo Ill) y la
interaccion entre los factores ambientales y lainfluencia los genes factor regulador del
interferon (IRF6) y factor transformante de crecimiento alfa (TGFa) con el desarrollo de
HIM n una poblacion brasilefia (Rio de Jneiro e Curitiba) y turca (Estanbul) (objetivo V).
As coletas de dados do presente estudo foram actuaciones em duas etapas: clinica e
laboratorial. Los resultados encontrados fueron: (I) una alta heterogeneidad entre los
estudios (Q = 52,81, p<0,01, 12 = 98) con una prevalencia final de 13,48%; (1) los factores
ambientales; como complicacBes durante el embarazo y el uso de medicamentos en la
primera infancia tuvieran una asociacid ne stadisticamente significativa com el HIM (OR =
3,01; IC 95% = 1,74- 8, 42; p = 0,014; OR = 3,55; IC 95% = 1,35-10,57; p = 0,019), estos
factores no influyeronen el grado de severidad de lacondicién (p> 0.05); (I11); hubo una
asociacion en los SNP rs2235091 ubicados en el gen KLK4 (p<0.01) con HIM, ademas, los
SNP rs4694075 en el gen AMBN y rs 3796704 em el gen ENAM mostraron una asociacion
con la presencia de caries (p<0.05); y (IV) la muestra de Rio de Janeiro mostré evidencia
estadistica de interaccion entre TGFA rs1523305 e IRF6 rs642961 (p = 0,03) y entre IRF6
rs2073487 y TGFa rs2902345 (p = 0,04) y los resultados encontrados en el estudio de
Estanbul entre TGFa rs930655 y todos los marcadores IRF6 fueron estadisticamente
positivos (p<0,05). Resulta que; (1) la prevalencia de HMI es del 13,48% en la poblacion
brasilefia; (1) existe una relacién entre la presencia de HMI con las complicaciones que
ocurren durante el embarazo y en los primeros afios de vida del nifio, sin embargo, estos
factores no influyen en la gravedad de esta afeccidn; (111) los genes que actian en la
formacion del esmalte son capaces de influir tanto en el desarrollo de HMI y pueden estar
asociados con la caries dental y ; (1) los polimorfismos ubicados en los genes IRF6 y TGFa
juegan un papel en el desarrollo de HMI en diferentes poblaciones. Ademas, estos genes
pueden interactuar con factores ambientales como el uso de drogas en los primeros afios de
vida, lo que aumenta el riesgo de desarrollar HMI.

Palabras clave: Esmalte dental, Etiologia, Epidemiologia, Anomalias dentérias, Gene.
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1. INTRODUCAO

O esmalte dentério € o tecido mais mineralizado do corpo humano e a sua formagéao
(amelogénese) se divide em trés importantes fases: formacéo da matriz, na qual as proteinas
(amelogenina, ameloblastina e enamelina) estdo atuando; calcificacdo, na qual o mineral é
depositado e a maior parte das proteinas sdo removidas; e maturagdo, cujo esmalte dentario
sofre o processo de mineralizagdo (ALALUUSUA et al., 2010). Estas fases sdo reguladas e
controladas pelos ameloblastos, células altamente sensiveis e formadas por genes que
codificam proteinas essenciais para o seu desenvolvimento (PARK et al., 2007).

Até o presente momento, sabe-se que a presenca de qualquer influéncia de origem
genética e/ou ambiental (ALALUUSUA et al., 2010; JEREMIAS et al., 2016; FATTURI et
al., 2019), durante os estagios de formacéao do esmalte dentério, podem resultar em alteracdes
permanentes na sua estrutura, uma vez que, o esmalte ndo sofre mais nenhum processo de
remodelacdo apds completamente formado (SEOW,1997; VIEIRA et al., 2008). Um
exemplo dessas alteracBes é a Hipomineralizagdo Molar Incisivo (HMI), classificada como
um defeito qualitativo dos tecidos dentarios (WEERHEIJM et al., 2003).

O primeiro relato da HMI foi no final dos anos 70 (KOCH et al., 1987). Porém,
somente em 2001 o termo “Hipomineralizacdo Molar Incisivo” foi definido com o objetivo
de unificar as denominacfes das hipomineralizacfes idiopaticas ndo fluoréticas em
primeiros molares pemanentes (WEERHEIJM et al., 2001). A HMI é caracterizada como
uma alteracdo ligada a denticdo permanente, afetando os primeiros molares podendo ou nédo
estar associada aos incisivos (WEERHEIIM, 2004; JALEVIK et al., 2010). Entretanto,
recentemente foi relatada uma associacdo desta alteracdo com caninos permanentes e
segundo molares deciduos (ELFRINK et al., 2012; SCHMALFUSS et al., 2016 ). Em
relacdo a prevaléncia, € observada uma variacdo entre 2,4% a 40% em diversos paises
(WOGELIUS et al., 2003; JALEVIK et al., 2010; SCHMALFUSS et al., 2016). Estudos
realizados em diferentes regides do Brasil apontam frequéncias semelhantes variando entre
2,5% e 40% (SOVEIRO et al., 2009; DA COSTA-SILVA et al., 2010; HANAN et al., 2015),
sendo a regido sudeste com o maior indice da populacdo afetada (SOVEIRO et al., 2009;
DA COSTA- SILVA et al., 2010; TOURINO et al., 2016).

Clinicamente, o dente afetado apresenta opacidades com a coloracdo variando do
branco/opaco ao amarelo/castanho (JALEVIK et al., 2010). Em relacdo a gravidade, a HMI
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pode ser classificada em leve (opacidade intacta) e grave (opacidade com perdas estruturais
ou presenca de restauragdes e/ou necessidade de tratamento) (LYGIDAKIS et al., 2010).
Outra caracteristica desta condicdo é a alta porosidade dos dentes envolvidos favorecendo
possiveis fraturas durante a mastigacdo, contribuindo para a sensiblidade dentaria e o
desenvolvimento da céarie (ALALUUSUA et al., 2010; OZGUL et al., 2013). Devido as
possiveis consequéncias, 0s pacientes com referido diagndstico requerem consultas
periddicas frequentes com objetivo de um melhor controle de sua condicédo bucal.

A etiologia da HMI ainda é muito controversa na literatura. Uma variedade de fatores
ambientais como: uso de medicamentos na gravidez, complicagdes nutricionais na infancia,
infeccOes graves e o grande consumo de medicamentos nos primeiros anos de vida estéo
associados (LAISI et al., 2009; WHATLING et al., 2008). Porém, nenhum destes fatores
isoladamente apresentam uma associacdo robusta com a etiologia desta condicdo
(CROMBIE et al., 2009; ALALUUSUA, 2010; SILVA et al., 2016).

Recentemente, estudos relataram a associacdo entre a HMI e variagbes nos
polimorfismos localizados nos genes envolvidos nas fases da amelogénese (ENAM, AMBN,
KLK4, MMP20, AMTN, AMELX) (GUTIERREZ et al., 2012; JEREMIAS et al., 2013;
BUSSANELI et al., 2019). Dentre esses pode-se destacar: a ameloblatisna (AMBN) que esta
localizada no cromossomo 4 (4921) com um papel fundamental na mineralizagéo do esmalte
(WRIGHT et al., 2009), a enamelina (ENAM) localizada no cromossomo 4 (4g13.3)
responsavel pela organizacdo da estrutura do esmalte (FUKAE et al.,1993). Outro gene que
pode ser citado é o gene calecreina (KLK4) que atua na fase de maturacdo do esmalte com
a funcdo de fragmentacdo das proteinas da matriz do esmalte e esta localizado no
cromossomo 19 (19913.4).

Um fator que vem chamando a atencdo, € a possivel associacdo entre a HMI com
genes que atuam na formacdo craniofacial. Existem relatos na literatura que diferentes
fendtipos podem estar presentes no mesmo individuo (BEZAMAT et al., 2019). As
condigdes como a fissura labiopalatina mostram prevaléncia aumentada de anomalias
dentérias principalmente em relagdo a forma, ao tamanho e ao nimero (LETRA et al., 2007;
WALLER et al., 2009). Foi identificada, recentemente, a presenga de HMI em pacientes
com fissura labiopalatina (ALLAM et al., 2018), o que leva a acreditar que algumas
associacOes genéticas para HMI podem ser identificadas, quando estudadas com outras
alteracdes bucais (KORUYUCU et al., 2018). Os genes Fator 6 regulador de interferon

(IRF6), localizado no cromossomo 1 (1932.2) e o fator de crescimento transformador alfa
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(TGFa) presente no cromossomo 2 (2g13.3) sdo fundamentais para o desenvolvimento das
estruturas na cavidade bucal e craniofaciais (LETRA et al., 2007). As variagdes nos
polimorfismos destes genes estdo relacionadas as fendas orais e a agenesia dentéria, o0 que
leva a supor possiveis associacfes com outras anomalias relacionadas com a cavidade bucal.

Estudos genéticos sdo fundamentais para 0 avancgo no conhecimento sobre a etiologia
de determinadas doencas. Um método bastante usado é o estudo de associacao, utilizando-
se 0 polimorfismo como marcador para localizacdo de genes candidatos a doencas. O
polimorfismo genético é a existéncia de diferentes alelos de um gene em uma populacéo
humana como resultado de mutacdes no DNA com uma frequéncia esperada na populacéo
de pelo menos 1% (SCHORK et al., 2000). Varios polimorfismos sdo encontrados no
genoma humano devido a variantes decorrentes de delecdes, inser¢cfes, substituicdo ou
duplicacdes de um par de bases a centenas ou milhares de pares de bases de DNA.

O tipo mais frequente de polimorfismo é o de um Unico nucleotideo (SNP). O SNP é
uma forma variante de um par de bases da sequéncia de DNA que pode estar presente nos
individuos de uma populagdo dentro de um espectro considerado biologicamente normal,
podendo ocorrer tanto em regides codificantes (éxons) como em regides ndo codificantes
(introns, ndo traduzidas/regido promotora 5’ ¢ 3’) ou ainda em regides intergénicas sem
funcdo conhecida. Muitos SNPs que ocorrem nos genes ndo tém efeito na proteina
codificada, enquanto um grande ndmero de SNPs tem efeitos bioldgicos importantes no
produto genético (SCHORK et al., 2000).

Os SNPs sdo fundamentais em pesquisa sobre genética humana. Apds a genotipagem
de uma populacéo, para um ou para varios polimorfismos, é possivel calcular as frequéncias
alélicas e genotipicas e observar a diferenca dessas frequéncias entre os individuos afetados
e controles (individuos ndo afetados). Sendo assim, os SNPs tém sido utilizados como
marcadores para localizar genes candidatos a defeitos no esmalte e alteracBes bucais
(VIEIRA et al., 2008; JEREMIAS et al., 2016).

Possiveis fatores etiologicos para HMI tém sido investigados utilizando-se diferentes
abordagens. As melhores evidéncias sdo derivadas de estudos genéticos de associagfes entre
SNPs em genes que atuam na formag&o do esmalte dentario. Entretanto ndo podemos deixar
de relatar a contribuicéo dos fatores ambientais. Entende-se que a HMI pode ser classificada
como uma condi¢do multifatorial ou complexa, influenciada tanto por genes candidatos,
quanto por fatores ambientais. E fundamental um maior entendimento dos fatores etioldgicos

para Hipomineralizagdo Molar Incisivo, principalmente em diferentes populagdes, uma vez
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que a expressao dos genes € diferente em cada individuo. O conhecimento dos fatores risco

que influenciam, séo fundamentais para o controle e prevencgéo de doengas.
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2. OBJETIVOS

2.1 Objetivo geral

Avaliar a influéncia de alguns fatores ambientais presentes durante o periodo
gestacional e na primeira infancia e verificar a associacdes genéticas localizados nos genes
(AMBN, ENAM, KLK4, IRF6 e TGFa) com a HMI.

2.2 Objetivos especificos

Estudo 1
e Verificar a prevaléncia de HMI em individuos em atendimento na clinica da
Odontopediatria da Faculdade de Odontologia da UFRJ, junto com uma revisao bibliogréfica
na populagéo brasileira.
Estudo 2
e Auvaliar a influéncia entre fatores ambientais, tais como uso de medicamentos,
infeccdes graves e complicagdes sistémicas durante a gestacao e nos primeiros anos
de vida, com a presenca de HMI, bem como avaliar a associacao desses fatores com
a gravidade dessa condicao.
Estudo 3
e Verificar a associacdo dos polimorfismos localizados nos genes AMBN
(rs4694075), ENAM (rs3796704), KLK4 (rs2235091) com HMI;
e Investigar a relacdo entre polimorfismos citados nos genes AMBN, ENAM e KLK4
com a experiéncia de cérie nos individuos com HMI.
Estudo 4
e Verificar a associagdo entre os SNPs (rs2073487, rs2013162, rs17015215,
rs861019 e rs642961) localizados nos genes IRF6 e 0s SNPs (rs292354, rs1523305,
rs2166975, rs930655) no TGFo com a presenca de HMI; e a interacdo entre fatores
ambientais e as variagcOes genéticas nesses SNPs estudados em duas amostras

brasileiras (Rio de Janeiro e Curitiba) e uma turca (Istambul).



Tabela 1 Carateristicas dos genes e polimorfismos incluidos no estudo.
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Genes

Ameloblastina
(AMBN)

Enamelina
(ENAM)

Callikreina
(KLK-4)

Fotor regulador
inter freron 6

(IRF6)

Fator
transformador

de crescimento
Alfa
(TGFa)

Atuacéo

Atuagdo na formagdo da matriz do esmalte e na
mineraliza¢do do esmalte. Associado com
Amelogénsege Imperfeita e defeitos no esmalte.

Atuagdo na formacdo da matriz do esmalte (fase
inicial da formagdo do esmalte). Associado com
Amelogénese Imperfeita.

Atua na fase de mineralizacdo do esmalte
dentério.Variacdes nesse gene podem gerar alteracées
de cor (amarelo/castanho) e alteragdes na
mineralizac&o.

Associado com Amelogenése Imperfeia
Hipomaturada.

Atua no desenvolvimento das estruturas craniofacias
(l&bio e palato). VariagBes nos polimorfismos desse
gene tém como consequéncias fissuras labiopalatais e
agenesia dentaria.

Atua no desenvolvimento das estruturas craniofacias
(l&bio e palato). Variagdes nesse genes podem levar
formas raras de fissura labio palatinas, além disso esse
gene foi associado com agenesia dentaria.

Localizacdo
Cromossomo

4q21

4913.3

19q13.3/q13.4

1932.2

2q13.3

Polimorfismos
(SNPs)
Selecionados

rs4694075

rs3796704
rs7664896

rs2235091

rs2013162
rs17015215
rs861019
rs642961
rs2073487
rs2902345
rs1523305
rs2166975
rs930655

Troca
de
bases

C>T

G>A
C>G

A>G

A>C
C>T
A>G
A>G
T>C
T>C
C>T
G>A
A>G

Regido
(SNPs)

Intron

Intron
3’UTR

Intron

Exon
Exon
5UTR
Intergénica

Intron
Intron
Intron
Exon

Intron

Referéncias

JEREMIAS et al., 2016

JEDEON et al., 2013

JEDEON et al., 2013

VIEIRA, 2006
LETRA et al.,2007

VIEIRA, 2006
LETRA et al.,2007
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3. DELINEAMENTO DA PESQUISA

3.1 Tipo de estudos

Trata-se de uma Tese composta por quatro diferentes estudos, que se propdem a
responder a cada um dos objetivos. Nesta composi¢do, foram incluidos um estudo
observacional transversal juntamente com uma revisdo bibliografica, dois estudos

observacionais transversais e um estudo multicéntrico (Figura 1).

3.2 Consideragdes Eticas

Para atingir cada objetivo, o estudo foi submetido e aprovado pelo Comité de Etica
e pesquisa do Hospital Clementino Fraga Filho pelo protocolo n°® 44598514.7.00005257
(Anexo 1). Além disso, o quarto estudo por ser multicéntrico os trabalhos tiveram aprovacao
dos Comités de Eticas de cada centro (Figura 1).

Além disso, os Termos de Consentimento Livre e Esclarecido [TCLE] (Apéndice A)
e 0s Termos de Assentimento Livre e Esclarecido [TALE] (Apéndice B) foram apresentados

e assinados pelos integrantes (responsavel legal /crianca /adolescente).

3.3 Populacéo e local dos estudos

A amostra estudada foi composta por criancas e adolescentes que estavam em
atendimento na clinica de Odontopediatria da Faculdade de Odontologia da Universidade
Federal do Rio de Janeiro (FO/UFRJ) (Figura 1). Para a analise laboratorial foi utilizada a
infraestrutura do Laborat6rio de Malformacdo Congénita do Departamento de Genética da
Universidade Federal do Rio de Janeiro (UFRJ), do Laboratério de Epidemiologia de
MalformacBes Congénitas do Instituto Oswaldo Cruz da Fundacdo Oswaldo Cruz e a
colaboracdo com Laboratério do Departamento de Biologia e Medicina Oral da Faculdade
de Odontologia da Universidade de Pittsburgh (EUA).



[ Descricao dos Estudos ]
Segundo estudo Terceiro estudo Quarto estudo
Primeiro estudo Observacional, transversal Observacional, transversal Coorte, multicéntrico
Observacional, transversal v’ Avaliou a associagdo entre os
+ v Verificou a interagéo entre os fatores ambientais tais v Avaliou a associagdo entre os SNPs nos SNPs nos genes IRF6 e TGFa
Revisdo bibliografica como uso de medicamentos e ocorréncia no periodo genes AMBN, ENAM e KLK4 com HMI; com HMI;
¥ Verificou a prevaléncia da gestacional e nos primeiros anos de vida; v’ Avaliou a associagdo entre os SNPs nos v’ Verificou interagéo entre
HMI na populag@o brasileira . v Verificou a influéneia desse fatores com o grau de genes AMBN,ENAM e KLK4 com a cérie gene/ ambiente com HMIL
gravidade da HMI. dentaria.

Todos os estudos foram aprovados pelo Comité de Etica do Hospital Clementino Filho - HUCFF /UFRJ - ntumero do protocelo 4598514.7.00005257.

O quarto estudo teve aprovagdo dos seus especificos centros;

Estudo de Curitiba (Universidade Federal do Parana) Comité de Etica e Pesquisa - UFPR; niimero do protocolo 1.613 .829 /2016;

Estudo de Curitiba, Brasil (Pontificia Universidade Catélica do Paran4/PUCPR): Comité de Etica e Pesquisa ntimero do protocolo 1.971.986:
Estudo de Istambul: Comité de Etica da Universidade de Istambul nimero do protocolo 2006/2508;

Aprovagao do Conselho Institucional da Universidade de Pittsburgh (EUA); niimeros dos protocolos IRB PRO0710045 e PRO12080056.

Amostra dos estudos
Primeiro estudo foram incluidas criangas e adolescentes entre 7 e 14 anos (n= 407); Segundo estudo foram incluidas criangas e adolescentes entre 7 e 14 anos (n= 120);

Terceiro estudo foram incluidas criangas e adolescentes entre 7 e 14 anos (n= 118); Quarto estudo foram inclinados criangas e adolescentes entre 6 e 15 anos (n=1.065).

Figura 1. Fluxograma
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3.3 Delineamento Metodologico
3.3.1 Primeiro estudo

Esse estudo observacional transversal verificou a prevaléncia da Hipomineralizacéo
Molar Incisivo em individuos que procuraram atendimento na clinica da Disciplina de
Odontopediatria da FO/UFRJ no periodo de Julho de 2015 a Abril de 2017, junto com uma
revisao bibliografica da prevaléncia de HMI na populacéo brasileira.

Os participantes foram alocados em dois grupos: grupo com HMI (representado pelos
pacientes diagnosticados com Hipomineralizagdo Molar Incisivo) e o grupo sem HMI
(pacientes que ndo apresentavam Hipomineralizacdo Molar Incisvo). Foram considerados
elegiveis, para ambos 0s grupos, individuos entre 7 e 14 anos que apresentavam os quatros
primeiros molares permanentes completamente erupcionados. Os critérios de ndo inclusdo
para grupos foram individuos portadores de sindromes congénitas, criancas ou adolescentes
que apresentavam algum defeito no esmalte dentario (opacidades, hipoplasias e amelogénese
imperfeita) e os que faziam uso de aparelho ortodéntico.

Para avaliar a concordancia inter-examinador e a intra-examinador (entre o
examinador e o padrdo ouro), um exercicio foi aplicado com 20 imagens clinicas com
diversas alteracGes relacionadas ao esmalte dentério (sendo 8 imagens com HMI). O tempo
para visualizacdo das imagens foi de 2 minutos. Ap6s um intervalo de duas semanas, as
imagens foram reavaliadas pelo mesmo examinador caracterizando o método para avaliacao.
Foi obtido um indice Kappa= 0,88, e 0,90 que € indicativo de alta concordancia.

Todos os individuos incluidos (n=407) no estudo foram submetidos a um exame
clinico intraoral, realizado na cadeira odontoldgica sob luz artificial. Essa etapa foi feita por
um examinador especialista em Odontopediatria. O critério para o diagndstico da
Hipomineralizagcdo Molar Incisivo seguiu as normas da European Academy of Paediatric
Dentistry (EAPD) (WEERTHEIIM et al., 2003). Os resultados foram registrados em uma
ficha clinica (Apéndice D). Os individuos cujos os dentes apresentassem somente opacidade
demarcada, sem qualquer perda de estrutura, foram considerados como portadores de HMI
de grau leve (Figura 2). Os dentes que apresentassem perda de estrutura com necessidade
tratamento ou com presencga de restauragdes eram classificados no grau grave de HMI
(Figura 3) (LYGIDAKIS et al., 2010).

Para complementacgdo do estudo, uma pesquisa bibliografica foi realizada nas bases

de dados PubMed, Medline, Lilacs e BBO. Os descritores utilizados foram ‘Dental Enamel
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Hypoplasia’, ‘Molar Incisor Hypomineralization’, ‘MIH’, ‘Hypomineralization Molar
Incisor’, ‘First permanente molars and incisors’, ‘Prevalence’, ‘Epidemiology’, ‘Epidemiol’
e ‘Brazil’. Os operadores “AND” ¢ “OR” foram utilizados para combinar 0s termos.

Os dados obtidos no estudo foram registrados e analisados no SPSS versdo 20.0
(Statistical Package for the Social Sciences, SPSS Inc., Chicago, Ill). O teste Qui-quadrado
(X?) foi utilizado para avaliar a possibilidade de associagio entre a HMI com a variavel
género com o nivel de significancia 5%. Para a estimativa da prevaléncia do estudo uma
meta-analise foi realizada utilizando o programa software Review Manager 5.3. A
heterogeneidade entre os estudos foi analisada pelo o teste estatistico I-quadrado (I2). Os
resultados de 25%, 50% e 75% foram nomeados como estimativas baixa, moderada e alta,

respectivamente.

Figura 2. Imagem da Hipomineralizagdo Molar Incisivo no primeiro molar permanente e nos incisivos
centrais superiores permanentes. Opacidae demarcada sem perda de estrutura classificada no grau
leve. Imagem realizada na clinica de Odontopediatria da Fasculdade de Odontolgogia da UFRJ.

Figura 3. Imagem da Hipominerlizagdo Molar Incisivo nos primeiros molares permannentes.
Opacidade demarcada com perda de estrutura classificada no grau grave. Imagem realizada na clinica
de Odontopediatria da Faculdade de Odontologia da UFRJ.
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3.3.2 Segundo estudo

O presente estudo, do tipo observacional transversal verificou a interacdo de fatores
ambientais tais como o uso de medicamentos e ocorréncias durante o periodo gestacional e
nos primeiros anos de vida com a presenca de HMI. Além disso verificou a influéncia desse
fatores com o grau de gravidade da HMI (Figura 1).

A amostra de conveniéncia foi composta por 120 pacientes que estavam em
tratamento na clinica de Odontopediatria da FO/UFRJ. Os grupos foram divididos em
criangas/adolescentes com HMI (n = 60) e sem HMI (n = 60) pareados por género. Além
disso, os individuos de ambos os grupos deveriam ter os quatros primeiros molares
permanentes completamente erupcionados. Os critérios de elegibilidade e de ndo inclusdo
foram os mesmo que do primeiro estudo.

Os dados da pesquisa foram coletados por meio do preenchimento da ficha de
anamnese contendo informacdes sobre dados demograficos (idade da crianga, sexo, local de
nascimento, residéncia e condicdo econémica), além de informacgdes sobre salde da mée
durante o periodo gestacional (medicamentos utilizados, infeccdes graves e complicacdes
durante o parto) e histdrico médico da crianga/adolescente nos primeiros anos de vida
(medicamentos utilizados, doengas sistémicas e casos de infec¢des graves) (Apéndice C).

O exame clinico foi realizado por um especialista em Odontopediatria calibrado
(Kappa 0,88) (Da Silva et al., 2020). O critério de diagndstico da Hipomineralizacdo Molar
Incisivo foi de acordo com as normas da European Academy of Paediatric Dentistry (EAPD)
e as opacidades foram classificadas nos graus leve e grave (Figuras 2 e 3) (WEERTHEIIM
et al., 2003).

As andlises estatisticas foram feitas no programa SPSS versdo 21.0 (Statistical
Package for the Social Sciences, SPSS Inc., Chicago, I11). O teste de Regressdo Logistica foi
aplicado para avaliar a diferenca entre os grupos (com HMI e sem HMI) em relacdo aos
fatores ambientais (periodo gestacional e o historico medico do paciente) (p <0,05). Para
avaliar as associagdes entre fatores etioldgicos de acordo com o gravidade da HMI o teste

Qui-quadrado (y2) foi utilizado com o nivel de significancia 5%.

3.3.3 Terceiro Estudo

O estudo foi observacional do tipo transversal, realizado na clinica de
Odontopediatria do Departamento de Ortodontia e Odontopediatria da FO/UFRJ (Figura 1).
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A populacdo estudada foi formada por uma amostra de conveniéncia, constituida por 118
pacientes de ambos 0s sexos, recrutados durante o periodo de Julho de 2015 a Dezembro de
2016. Foram elegiveis para o trabalho criancas/adolescentes entre 07 e 14 anos com 0s
quatros primeiros molares permanentes completamente erupcionados. N&o foram incluidos
individuos portadores de sindromes congénitas e/ou cognitivas, criangas em tratamento
ortoddntico e as que apresentavam alteracdes dentérias (forma, nimero e tamanho) e defeitos

no esmalte dentéario (fluorose, opacidades, hipoplasias e amelogénese imperfeita).

Coleta de dados

Todas as etapas da coleta foram realizadas por examinadores previamente calibrados
(Kappa = 0,88) com objetivo de minimizar as varia¢cdes e uniformizar os critérios adotados
para os diagnosticos. Os dados foram obtidos por meio de anamnese (informacdes pessoais
e informacdes sobre a condicdo de saude do individuos (Apéndice C) e preenchimento de
uma ficha clinica (Apéndice D). Além disso, para realizacdo da etapa laboratorial, foi feita

a coleta do material bioldgico (saliva) para a posterior extragdo do DNA.
Exame Clinico

No exame clinico buscou-se avaliar a satde bucal (diagnéstico de cérie dentéria) e o
diagnostico da HMI (Figura 2). O exame foi realizado por um dentista especialista calibrado
na cadeira odontoldgica ap0s profilaxia prévia e sob luz artificial com o auxilio do espelho
odontoldgico. O resultado do exame foi registrado em uma ficha clinica (Apéndice E). Ao
final da avaliacdo, pacientes e responsaveis receberam instrucdes de higiene oral. Os
pacientes que apresentaram indicacdo de tratamento foram encaminhados para clinica da

Odontopediatria para realizacdo do tratamento de acordo com as suas necessidades.
Diagnostico de carie dentaria/ Hipomineralizacdo Molar Incisivo

O indice para a detec¢do da doenca carie foi realizado segundo os critérios propostos
pela Organizagdo Mundial de Saude (WHO, 1997). Foram avaliados o nimero de dentes
cariados, perdidos, extraidos ou obturados na denticdo permanente (CPO-D). Os dentes
extraidos ou perdidos por trauma dentario ndo foram incluidos no CPO-D. O critério para o

diagnostico da HMI seguiu com as normas EAPD e se encontra nas Figuras 2 e 3.
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Etapa Laboratorial
Coleta do material bioldgico

A segunda etapa foi iniciada com a coleta do material bioldgico (saliva) de todos os
individuos como fonte de DNA gendémico. Os participantes foram orientados a estimular a
saliva (bochecho) durante 1 minuto e em seguida expectorar em tubos falcos de 15 ml. Além
disso, os participantes foram orientados a ndo ingerir alimentos 30 minutos antes da coleta
do material.

Cada tubo foi identificado por uma numeracéo e congelados a -25° C até a realizacao
da extracdo do DNA. O material coletado foi processado, armazenado e analisado no

Laboratorio de Malformacédo Congénita do Departamento de Genética da UFRJ.

Selegdo dos polimorfismos
Para selecdo dos polimorfismos uma busca bibliogréafica foi realizada e 0os SNPs
escolhidos estdo relacionados aos genes presentes nas fases da amelogénese. Foram

selecionados um total de quatro SNPs (Tabela 1).

Extracdo do DNA
A extracdo do DNA foi feita até duas semanas apés a coleta do material bioldgico. O
protocolo utilizado foi a partir de 2 mL de saliva (ORAGENE™, DNA GenoteklInc, Ontario,

Canada) seguindo as etapas conforme descrito abaixo:

e Foi misturado por inversdo o contetido de saliva no coletor por alguns segundos antes
de incuba-lo em incubadora aquética a temperatura de 50 °C por no minimo 1 hora,
podendo deixar por overnight;

e Posteriormente foi transferido 500uL de saliva para um tubo de micro centrifuga
esterelizado de 1.5mL (Eppendorf). O excedente da amostra foi congelado a -20°C;

e Foi adicionado para cada 500uL de saliva 20uL da proteinase Oragene Purifier (OG-
L2P) e mantindo no vortex por 5 segundos;

e As amostras foram incubadas no gelo por 10 minutos e em seguida, centrifugadas
em temperatura ambiente por 5 minutos a 13,000 RPM (15,000 x g);

e O sobrenadante foi transferido para um novo eppendorf, e adicionado 500uL de

etanol a 95 -100%, posteriormente foi misturado 10 vezes por inversdo e deixado a



31

temperatura ambiente por 10 minutos para completar a precipitacdo da molécula de
DNA;

e Em seguida, foram colocados os tubos na centrifuga por 2 minutos em 13,000rpm
(15,000 x g) e foi descartado o sobrenadante e centrifugado por mais 1 minuto a
13,000 rpm (15,000 x @) para precipitar o DNA.

e Foram deixados os eppendorf por 30 minutos na bancada com tampa aberta para total
evaporacéo do etanol,

e 100 uL de TE foi adicionado (10mM Tris-HCI + 1mM EDTA, ph 8.0) para dissolver
o0 pellet e foi mantindo no vortex por 5 segundos;

e Por ultimo, as amostras foram deixadas em temperatura ambiente overnight (24
horas) com uma protecdo de suporte de vidro. As amostras foram estocadas no

freezer a — 20°C até as proximas etapas.

Avaliacdo da quantidade e da pureza do DNA/ Genotipagem

A concentracdo e a pureza do DNA foram determinadas por densidade Gptica em
espectrofotdmetro (NanoDrop®2000c) utilizando-se 1L do material extraido. A razdo entre
os valores obtidos nos comprimentos de onda 260nm e 280nm foi usada para estimar a
pureza do DNA. Somente as amostras de DNA com razdo 260/280 acima de 1,7 foram
incluidas e analisadas.

As reacdes de PCR em tempo real foram realizadas em um termo ciclador 7900HT
da Applied Biosystems. O método utilizado para as reacdes foi o TagMan (Applied
Biosystems, Carlsbad, CA, EUA) (RNADE et al., 2001), no qual foram utilizadas sondas
especificas para a distincdo alélica (Sondas TagMan). Todas as reacbes em PCR foram
preparada com um volume final de 3,0pL (1puL de DNA com a concentracdo de 1 ng/uL
reacdo); 1,5uL TagMan PCR master mix; 0,075uL da sonda TagMan de cada SNP incluido
no estudo e 0,425uL de &gua deionizada q.s.q.). A amplificacdo das amostras, foi realizada
em condicgdo padréo de 95°C por 10 minutos, 50 ciclos a 52°C por 2 minutos e a 60°C por 1

minuto e 30 segundos. Foram incluidos dois controles negativos e um controle positivo.

Anélises Estatisticas
Os dados foram analisados através do software PLINK (PURCELL et al., 2007). Os
testes ¥2 ou exato de Fisher ¢ Razao de Chance (OR) foram usados para comparar as

frequéncias alélicas e genotipicas distribuidas nos grupos com HMI (afetado versus néo
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afetado), com o grupo HMI (com/sem cérie) e com toda a amostra (com/sem cérie). O
equilibrio de Hardy-Weinberg foi avaliado pelo teste do ¥2 em cada polimorfismo e uma
estatistica descritiva foi realizada no programa SPSS versdo 20.0 (Statistical Package for the

Social Sciences, SPSS Inc., Chicago, Il1)

3.3.4 Quarto Estudo

Trata-se de um estudo multicéntrico composto por 1,065 individuos constituidos por
duas amostra brasileira (Rio de Janeiro e Curitiba) e uma amostra turca (Istambul) (Figura
1). Foram avaliados individuos na cidade de Curitiba; o primeiro grupo foi composto por
356 individuos (169 do sexo feminino e 187 do sexo masculino), o segundo por 200
individuos (108 do sexo feminino e 92 do sexo masculino). A amostra do Rio de Janeiro foi
composta por 174 individuos (73 do sexo feminino e 101 do sexo masculino). E a ultima
amostra da Turquia foi formada por 335 individuos (164 do sexo feminino e 171 do sexo

masculino).

Estudo de Curitiba, Brasil (Universidade Federal do Parand)

Foi um estudo do tipo caso-controle formado por 731 alunos de escolas publicas da
cidade de Curitiba. Para selecdo da amostra, duas etapas foram realizadas. Para garantir a
representatividade da amostra, foi realizada a amostragem por cluster em dois estagios.
Primeiro, duas escolas foram selecionadas aleatoriamente. Posteriomente, trés salas de aula
de cada escola foram selecionadas randomicamente. Esse método foi realizado pelo site

www.randomizer.org.

Foram incluidas criangas de 8 anos de idade, com os quatros primeiros molares
permanentes erupcionados. O grupo de individuos com HMI foi composto por criangas com
pelo menos um dos primeiros molares permanentes e/ou segundos molares deciduos
afetados. Os critérios de inelegibilidade foram individuos que utilizavam aparelho
ortodontico, portatores de sindrome congénita e individuos com alteracdo do esmalte
(amelogénese imperfeita). Para a complementacdo do estudo, uma anamnese com dados
demogréficos e socioeconémicos previamente validado foi preenchido pelos responsaveis.

Para realizacdo do exame clinico quatro examinadores foram previamente calibrados
com um exercicio tedrico e com trinta imagens de defeitos no esmalte dentario (DDE) de

HMI. Posteriormente 60 fotografias de diferentes contextos clinicos envolvendo varias
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manifestacdes de DDE e HMI foram analisadas independentemente. Apds uma semana, 0S
examinadores analisaram as mesmas fotografias.

O exame clinico foi realizado em ambiente escolar, com luz artificial, espelho, sonda
exploradora e com uma gaze estéril. O critério de diagnostico para Hipomineralizacdo Molar
Incisivo foi com base nas normas da EAPD (WEERHEIIM et al., 2003), e os defeitos do
esmalte dentéario (DDE) foram diagnosticados através do indice modificado DDE (Comissdo

de Saude Oral, Pesquisa e Epidemiologia. Grupo de Trabalho FDI 1992).

Estudo de Curitiba, Brasil (Pontificia Universidade Catdlica do Parana)

A amostra foi composta por 200 individuos (100 com HMI e 100 sem HMI),
matriculados em escolas municipais de Curitiba. Essa amostra foi recrutada
independentemente da amostra do estudo da Universidade Federal do Parana. Os critérios
de incluséo foram criangas entre 6 e 10 anos de idade, com dentes afetados com HMI e
completamente erupcionados. Os critérios de ndo inclusdo foram individuos em tratamento
ortoddntico ou pontuacdo 3, 4, 5 e 6 do ICDAS (Sistema Internacional de Deteccdo e
Avaliacdo de Cérie). Um total de dois examinadores foram calibrados para realizagéo do
dignosticos de HMI, utilizando métodos de fotografias de acordo com um critério publicado
anteriormente (GHANIM et al., 2017).

Estudo do Rio de Janeiro, Brasil (Universidade Federal do Rio de Janeiro)

Trata-se de um estudo composto por 174 individuos entre 7 e 14 anos de ambos 0s
sexos. Os participantes foram recrutados da clinica de Odontopediatria da FO/UFRJ. Os
individuos foram divididos em dois grupos: com HMI (n = 78) e sem HMI (n = 96). Foram
incluidas criancas e adolescentes com 0s quatros primeiros molares permanentes
completamente erupcionados. Os critérios de ndo inclusdo foram pacientes com sindromes
congeénitas, individuos que apresentavam defeitos no esmalte dentario (lesdes hipoplasicas,
fluorose, amelogénese imperfeita), presenca de anomalias dentérias de forma, tamanho ou
namero e aqueles que faziam uso de aparelho ortoddntico.

Para a realizagdo da etapa clinica, foi feito o preenchimento da ficha de anamnese
(Apéndice C) contendo informagfes como: idade, género, local de nascimento, residéncia,
escolaridade e renda familiar. Além de informag@es sobre a salde da mae durante o periodo

gestacional (medicamentos utilizados, infecgOes graves e complica¢Ges durante o parto) e
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histérico médico da crianga durante os primeiros anos de vida (medicamentos utilizados,
doencas sistémicas, febre alta, desnutrigdo, asma, bronquite, casos de epilepsia e infec¢oes
graves). Em seguida, foi realizado um exame clinico buscando avaliar a saude bucal do

paciente e o diagndstico para HMI utilizado os critérios da EAPD (Figuras 2 e 3).

Estudo de Istambul

Os individuos selecionados foram criancas e adolescentes entre 6 e 12 anos,
recutrados da Clinica de Odontopediatria da Universidade de Istambul. Os critérios de
ilegibilidade foram pacientes portadores de sindrome congénita, pacientes com fluorose ou
que faziam uso de um aparelho ortodéntico fixo. O diagnostico de HMI foi realizado de
acordo com os critérios da EAPD (WEERHEIIM et al., 2003). Os grupos foram divididos
em pacientes com e sem HMI. Todos os examinadores estavam devidamente calibrados. O

exame clinico foi realizado com o uso de luz artificial, um espelho intraoral e uma gaze.

Etapa laboratorial

Foram coletadas amostras de saliva de todos os participantes como fonte de DNA
gendmico para atingir 0s objetivos propostos. Um total de cinco polimorfismos foram
selecionados no gene IRF6 (rs2073487, rs2013162, rs17015215, rs861019, rs642961) e
quatro no gene TGFa (rs2902345, rs1523305, rs930655, rs2166975) (Tabela 1). A extracéo
de DNA foi realizada de acordo com o protocolo previamente publicado (TREVILATTO E
LINE, 2000). A concentracéo e a pureza do DNA foram determinadas por densidade Optica
em espectrofotdmetro (NanoDrop®2000c) utilizando-se 1 pL do material extraido. A razéo
entre os valores obtidos nos comprimentos de onda 260nm e 280nm foi usada para estimar
a pureza do DNA. Somente as amostras de DNA com a razdo 260/280 acima de 1,7 foram
incluidas neste estudo.

As reagdes de PCR em tempo real foram feitas em um termociclador (Stratagene
Mx3005P). O método utilizado para as reacdes foi 0 TagMan (AppliedBiosystems, Carlsbad,
CA, EUA) (RANADE et al., 2001), no qual foram selecionadas sondas especificas para a
distincdo alélica (Sondas TagMan). Todas as rea¢Ges foram feitas com volume final de 3,0pL
(1puL de DNA com a concentracao de 2 ng/pL por reacdo; 1,5uL TagMan PCR master mix;
0,075uL da sonda TagMan de cada SNPs e 0,425uL de agua deionizada g.s.g.). A
amplificacdo das amostras foi realizada em condi¢&o padrdo de 95°C por 10 minutos, sendo

40 ciclos a 92°C por 15 segundos e a 60°C por 40 segundos.
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Anélises Estatisticas

Os dados foram tabulados no programa SPSS versdo 21.0 (Statistical Package for the
Social Sciences, SPSS Inc., Chicago, I11). O teste de Equilibrio de Hardy-Weinberg foi feito
para todos os SNPs incluidos no estudo. O programa software Plink (PURCELL et al., 2007)
foi utilizado para realizar as analises de comparacao dos genotipos e dos fendtipos entre os
individuos com e sem HMI. Foram calculadas razdes de chances (OR) para 0s grupos com
e sem HMI com o intervalo de confianca de 95%. Para explicar os testes multiplos, foi

realizada uma correcdo de Bonferroni e valores de p de 0,001 (0,05/36).
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Abstract

Objective: To define the prevalence of Molar Incisor Hypomineralization (MIH) in Brazil since the reports
ranged from 2.5% to 40.2%. Material and Methods: We studied 407 children from 7 to 14 years of age.
MIH was measured using the European Academy of Paediatric Dentistry criteria of 2003. Clinical data were
collected by a calibrated dentist (Kappa=0.88) and included affected teeth and degree of MIH severity
(mild/severe). Mild MIH cases were considered when the tooth presented demarcated opacity = 1.0mm,
without any loss of structure. While severe cases were defined by teeth in which loss of structure was
present, or past or current lesion that required treatment, or presence of atypical restorations. In addition,
published data (nine studies) reporting MIH in Brazilians were identified, and the heterogeneity of these
studies was tested (I2 index/ p<0.01). Results: In the original sample studied, the majority of patients were
males (55.8%; n = 225), with an average age of 10.1 years (% 2.1 years). The prevalence of MIH in this
group was 14.5% (59 affected in 407), and most of the affected teeth had a mild degree of alteration (77.4%
or 202 in 261 teeth). Conclusion: A meta-analysis including nine published reports, and our original data
showed that MIH prevalence in Brazil is 13.48 (95% CI, 8.66% -18.51%).

Keywords: Dental Enamel Hypoplasia; Molar; Prevalence; Cross-Sectional Studies.
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Introduction

Molar Incisor Hypomineralization (MIH) is defined as a qualitative enamel defect that occurs during
different stages of amelogenesis [17. This condition usually affects at least one of the first permanent molars
and may be associated with permanent incisors [27]. However, some studies report the association of MIH with
permanent canines and primary second molars [3,47.

Disturbances during pregnancy, severe infections, the frequent use of antibiotics in childhood [[57, and
other exposures [67 have been investigated as etiologic factors and the genetics play role [77]. One of the main
characteristics of MIH is enamel porosity and opacity, which may vary from white/yellowish to brown [27. In
some cases, MIH may cause the loss of tooth structure, resulting in functional (pain, tooth sensitivity and
dental caries), and aesthetic problems for the individual [87.

It is suggested that the diagnosis of MIH should be performed on clean and wet teeth, and
epidemiological studies of MIH should be based on s-year-olds since, at this age, all permanent molars and
incisors have erupted [2,97. Likely due to different criteria of diagnosis, the prevalence of MIH varies
considerably in different parts of the world ranging from 2.4 to 37% in European countries [10-127, 2.5% in
China [137, and 2.5% to 40% [14-17] across Brazil. Due to these facts, the present study aimed to define the

prevalence of MIH in Brazilians, which shows the widest range reported in the literature.

Material and Methods
Sample and Calibration

A sample consisting of 407 individuals of both sexes from 7 to 14 years of age treated at the Paediatric
Dentistry. The inclusion criteria for this study was the patients having all first permanent molars erupted.
Children with syndromes known to affect the enamel development were not included in the study.

To assess the intra-examiner reliability, an exercise was first applied to the examiner (F.M.F.S) and

the gold standard evaluator (M.C.C.). Twenty clinical pictures of dental enamel defects (eight with MIH) were

shown to the two individuals. Two weeks after the first ment, a new ment was carried out with the

examiner, and the resulting Kappa was 0.8s.

Clinical Examination

The clinical examination was performed by the calibrated dentist (F.M.F.S) carried out with a mirror
and a probe in the dental chair using artificial light. MIH was evaluated using the European Academy of
Paediatric Dentistry (EAPD) [2,97. Mild MIH cases were considered when the tooth presented demarcated
opacity = 1.0mm, without any loss of structure. While severe cases were defined by teeth in which loss of
structure was present, or past or current lesion that required treatment, or presence of atypical restorations

[27. The study included 225 males (55.3%) and 182 (44.7%) females, with an average age of 10 years.

Bibliographic Sources

A database search was performed in PubMed, Lilacs (Latin American and Caribbean Health Sciences
Literature) and BBO (Brazilian Bibliography of Dentistry) using the following terms: “Dental Enamel
Hypoplasia”, “Molar Incisor Hypomineralization”, “MIH”, Hypomineralization Molar Incisor”, “First
permanent molars and incisors”, “Prevalence”, “Epidemiology”, “Epidemiol’ and “Brazil”. A total of 3s3
references were identified and after excluding the publications that did not report denominators to allow
calculation of frequencies, case reports, and studies that included the same sample of other publications, nine

articles were selected (Table 1).

:
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Table 1. Characteristics of the articles (MIH study location, prevalence, and diagnostic criteria).

Author and City (State) Type of Study Sample  Age/Years Calibration/Kappa Prevalence Diagnostic
Year MIH% Criteria
Soviero et al., Rio de Janeiro Cross-Sectional 249 7-13 0.80/0.90/0.96 40.2 EAPD (2003)
000010 L) Theoretical + Clinical Examination Koch (2001)

Opacity (—)

Costa Silvaetal,  Botelhos (MG)  Cross-Sectional 918 6-12 0.91 19.8 EAPD (2003)
2010151 Photographs Opacity >1.0mm

Jeremiaset al,  Araraquara (SP)  Cross-Sectional 1.157 6-12 0.91 12.3 EAPD (2003)
L] Opacity >2.0mm

Hanan et al,, Manus (AM) Cross-Sectional 2.062 6-10 0.87 9.12 EAPD (2003)
2015 red Clinical Examination Opacity >2.0mm

Rodrigues et al., Sdo Luis (MA) Cross-Sectional 1.179 T-14 0.91 2.5 EAPD (2003)
2alojnion Photographs Opacity >2.0mm

Silva Junior et al., Belém (PA) Cross-Sectional 260 5-17 0.7 8.84 EAPD (2003)
sezo 18] Clinical Examination Opacity >2.0mm

Lima et al, 2016 Teresina (PI) Cross-Sectional 594 11-14 0.91 184 EADP (2003)
£2e] Theoretical + Clinical Examination Opacity >1.0mm

Tourino et al, Lavras (MG) Cross-Sectional 1.181 8-9 0.96 20.4 EADP (2003)
201621 Theoretical + Photographs + Opacity >1.0mm

Clinical examination

Costa Silvaetal,  Botelhos (MG) Prospective 142 5-6 0.93 16.1 EADP (2003)

2017|[L1e] Gohort Theoretical + Photographs Opacity >1.0mm

[oxom
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Statistical Analysis

Data were analyzed using SPSS version 20.0 (Statistical Package for Social Sciences, SPSS Inc.,
Chicago, IIT). Chi-square, with a significance level set at 5%, was used to compare the MIH distribution by sex.
The prevalence estimates from the literature were pooled together using random-effects meta-analysis that
accounted for between-study heterogeneity. Statistical heterogeneity (RevMan) was assessed by the chi-square
test on Q statistic, which was quantified by the I-square values. I-square values of 25, 50, and 756% were

nominally assigned as low, moderate, and high estimates, respectively.

Ethical Aspects
This study was performed after approval from the local Ethics Committee for Research Hospital
Universitirio Clementino Fraga Filho (Protocol No. 44598514.7.00005257). All subjects/guardians read and

signed a written informed consent before their participation in the study.

Results

The prevalence of MIH in the studied sample was 14.5 % (59 affected in 407 individuals studied), and
there was no statistically significant difference in MIH affection by sex (p=0.914).

A total of 261 teeth were affected by MIH, 33% of them (n=86) were first permanent maxillary
molars, 28.3% (n= 74) first permanent mandibular molars, 22.2% (n=58) permanent maxillary incisors, and
16.5% (n=43) permanent mandibular incisors. According to the degree of severity, it was observed that most
teeth were mildly affected by MIH (77.4%; 202 in 261 affected teeth). Among the most severely affected teeth,

most of them were first permanent molars (84.7%; 50 in 160 affected molars) (Table 2).

Table 2. Characteristics of the MIH group.

Variables MIH Group (n=59)
Mean Age (SD) 10.15 (£1.5)
Sex N (%)
Male 33 (55.9)
Female 26 (41.1)
Teeth Affected by MIH Mild Severe
N (%) N (%)
Permanent Maxillary Central Incisors 38(18.1) 6(10.2)
Permanent Maxillary Lateral Incisors 13 (6.4) 1(1.6)
Permanent Mandibular Central Incisors 26 (13) 1(1.6)
Permanent Mandibular Lateral Incisors 15 (7.5) 1(1.6)
Firs Permanent Maxillary Molars 64 (32.) 22 (37.4)
First Permanent Mandibular Molars 46 (23.) 28 (47.6)
Total 202 (77.4) 59(22.6)

Meta-analysis was performed on data from nine articles results in addition to our original data. Figure
1 shows the estimates of MIH reported by the ten studies, which yielded a summary prevalence of 15.92 (95%
CI, 10.85%—21.00%) with significant evidence of between study heterogeneity (Q =521.81, p<0.01, 12 =9s)
(Figure 1). In an attempt to reduce heterogeneity, the sensitivity analysis was performed by removing the
study that reported a different clinical diagnostic (the size of the lesions was not taken into consideration and

used two methods for diagnostics). The new estimate was 13.48 (95% CI, 8.66% -18.31%) (Figure 2).

'
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Study Cases Total Proportion 95% C.I. Weights
Soviero et al.2009 100 249 ; — 0.4016 [0.3407; 0.4625] 9.1%
Da Costa Silva et al.2010 182 918 . 0.1983 [0.1725; 0.2240] 10.2%
Jeremias et al.2013 142 1157 @ 0.1227 [0.1038; 0.1416] 10.3%
Moura et al.2015 109 594 - 0.1835 [0.1524;0.2146] 10.1%
Hanan et al.2015 188 2062 , 0.0912 [0.0787;0.1036] 10.4%
Nogueira Rodrigues et al.2015 30 1179 @ | 0.0254 [0.0165; 0.0344] 10.4%
If Jr et al.2015 23 260 = 0.0885 [0.0539; 0.1230] 10.0%
Tourino et al.2016 241 1181 . 0.2041 [0.1811;0.2270] 10.3%
Da Costa Silva et al.2017 23 142 - 0.1620 [0.1014; 0.2226] 9.1%

*This Study 59 407 #I 0.1450 [0.1108;0.1792]  10.0%

i

Random effects model 8149 d>l 0.1592 [0.1085; 0.2100] 100.0%

02 04 06 08 1
Prevalence

Heterogeneity:/” = 98%, x4 = 521.81 (p < 0.01)

o

*The new prevalence study of MIH.

Figure 1. Plot MIH of prevalence with a new result.

Study Cases Total Proportion 95% C.I. Weights
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*The new prevalence study of MIH.
Figure 2. Plot MIH of prevalence without Soviero et al. [17].

Discussion

There is great interest in understanding why MIH occurs, but this is a difficult task if we do not have
even a decent estimate of the prevalence of the condition. However, it is notable that over the years, prevalence
studies of MIH have been increasing mainly in Brazil.

The prevalence of MIH in the present study was 14.5%, which was consistent with most of the
literature [22,237. Not surprising, the prevalence estimate in our sample is close to the one found in the city of
Sio Paulo (12.3%) [15], which is just 400 kilometers from downtown Rio de Janeiro. This may also be due to
the diagnostic criteria that was similar among these studies. The frequency in the north-eastern region of
Brazil appears to be lower [[18,147]. This may be due to the inclusion of opacities greater than 2 mm in studies
conducted in the region, which makes it more a strict criterion.

The meta-analysis showed high heterogeneity among the studies included. This is probably related to
the use of different indexes, diagnostic criteria, and age groups. All selected articles had their examiners
calibrated, but in different types of photographic training, clinical examination, or both. Eight studies, included

our original data, used the same diagnostic criteria. Some studies included in the meta-analysis [[14,19,207,

[Omom| ’
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except for one [167, reported lower prevalence compared to our study, probably because they considered only
opacities that were larger than 2 millimeters of diameter.

In our sample, most cases had mild MIH, although more than 50% of affected teeth were first
permanent molars with some degree of loss of structure. Such cases can have discomfort, caries lesion
development, and esthetic concerns [147. Prevalence studies are important to help formulate strategies to

prevent or reduce the possibility of the consequences of MIH.

Conclusion

The prevalence of MIH in Brazilians is 13.48 (95% CI, 8.66% -18.31%).
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Abstract

Obijective: The aim of this study was to determine whether MIH is associated with risk factors during
the gestational period and during the first years of life of a child with MIH, and to evaluate the
association of these factors with MIH severity. Material and Methods: This study was conducted
with 120 patient paired by sex, 60 with MIH and 60 without MIH, at average ages of 9.9 (£1.9) and
9.7 (£1.7) years, respectively. Data collected included the child’s medical history and the mother’s
health during pregnancy. Chi-square and logistic regression were performed to determine any
statistical evidence of the environmental factors contributing to MIH, with the significance level set
at 5%. Results: There was a statistically significant difference between individuals with and without
MIH (p = 0.014, OR = 3.55; 95% CI = 1.35-10.57; p = 0.019, OR = 3.01; 95% CI = 1.74- 8.42,
respectively), related to the association with intercurrences during pregnancy and medication taken
by the child. In addition mothers in the group of patients with MHI showed more complications
during childbirth (p = 0.045). There was no association with degree of MIH severity (p>0.05).
Conclusion: The study suggests that use of medications in childhood and complications during
pregnancy, such as infections, can trigger the development of MIH. However, these factors do not

influence MIH severity.

Keywords: Children, Enamel defects; Etiology; Hypomineralization.
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Introduction

Dental enamel is the most mineralized tissue in the human body, and its formation is
divided into three important phases: secretory, transition and maturation®. It is known that
the presence of any genetic disturbance and / or environmental aggressors during these
phases can result in permanent alterations in enamel structure, since the enamel does not
undergo remodeling 122 . An example of these defects is Molar Incisor Hypomineralization
(MIH).

MIH is defined as a qualitative enamel defect that affects one or more permanent
molars and/ or permanent incisors *° and its prevalence varies considerably in different parts
of the world, ranging from 2.8% to 44% ©. One of the main characteristics of MIH is enamel
porosity and opacity, which may vary from white/yellowish to brown’. In some cases, MIH
may cause loss of tooth structure, resulting in functional and aesthetic problems for the

individual, which may affect their quality of life 8919,

According to the literature, MIH is associated mainly with disorders during
pregnancy, severe infections, frequent use of antibiotics in childhood and genetic changes in
genes responsible for enamel formation 12, However, the aetiology the condition is yet to
be clearly defined. Thus, the purpose of this study was to determine risk factors during
gestational period and the first years of the child's life with MIH and to evaluate the
association of these factors with the MIH severity.

Materials and Methods
Ethics

This study was performed after approval from the local Ethics Committee for
Research (Hospital Universitario Clementino Fraga Filho — HUCFF/UFRJ — Number:
44598514.7.00005257). All subjects/guardians read and signed a written informed consent
before their participation in the study.

Study Design
This cross-section study was conducted at the Paediatric Dentistry Clinics of the
Universidade Federal do Rio de Janeiro between Abril 2015 to May 2017. A sample
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consisting of 120 individuals of both sexes between 7 and 14 (10+1.2) years of age were
recruited in the cited period.

The groups were paired by sex and divided into children/adolecents with MIH (n=60)
and without MIH (n=60). The inclusion criteria for this study was patients with all the first
permanent molars erupted. The exclusion criteria for both groups included children with
syndromes, enamel defects (hypoplastic lesions, fluorosis, and amelogenesis imperfecta) and

patients undergoing orthodontic treatment.
Training and Calibration

To assess intra and interexaminer reliability, an exercise was undertaken by the
examiner and evaluator with 20 clinical pictures of dental enamel defects (eight with MIH).
Two weeks after the first assessment, a new one was carried out by the examiner and

resulting in Kappa 0.88 and 0.90
Data collection

The health aspects were collected through a clinical record. The interview was done
face-to-face with the parent, including the following information: demographic data (child”s
age, sex, place of birth, residence), mother health during pregnancy (medications used,
severe infections and complications during childbirth), and children medical history
(medications used, systemic diseases and severe infections).

Clinical Exam

The clinical examination was performed in the dental chair where the teeth were
examined using artificial light, a mirror and a probe, after prophylaxis. The MIH diagnosis
was based on the European Academy of Paediatric Dentistry (EAPD) criteria °. The degree
of MIH was considered mild when the tooth presented marked opacity, without loss of
structure (Figure 1A and 1B). Teeth with a loss of structure that needed treatment or had

atypical restorations were considered severe cases®® (Figure 1C).
Statistical analysis

Data were analyzed using SPSS version 21.0 (Statistical Package for Social Sciences,

SPSS Inc., Chicago, I11). Logistic regression was performed to assess the difference between
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groups (MIH and without MIH) regarding environmental factors (p<0.05). Chi-square was
applied to disclose the associations between environmental factors and MIH and to assess

degree of severity of MIH depending onenvironmental factors.
Results

All subjects were included in the study divided into children with MIH (n=60) and
without MIH (n=60) average ages of 9.9 (£1.9) and 9.7 (£1.7) years, respectively (Tablel).
A total of 283 teeth were affected by MIH, 30.74% of them (n=87) were first permanent
maxillary molars, 28.26% (n= 80) first permanent mandibular molars, 25.8% (n=73)

permanent maxillary incisors, and 15.5% (n=43) permanent mandibular incisors.

Table 1 show the interaction of environmental factors with the presence of MIH.
There was an association between intercurrences during pregnancy and child taking
medications with the presence of MIH (p = 0.014, OR = 3.55; 95% C.I = 1.35-10.57; p =
0.019, OR =3.01; 95% C.1 = 1.23- 7.95, respectively).

Table 2 shows the prevalence of severity of MIH and the risks factors. Most patients
had teeth affected by mild MIH 58.3% (n = 35). However, there was no apparent influence

of the variables tested on the degree of severity of MIH.

Discussion

A variety of aetiological factors is suggested to cause MIH but no conclusive results
have been found to date. It is known that some environmental factors and genetic changes
are associated with MIH (Jeremias et al., 2016; Whatling et al., 2008; Bussaneli et al., 2019).
In addition the literature reports that medication use, systemic disease, and complication
during pregnancy are potential aetiological factors of MIH (Alaluusua et al., 2010; Whatling
et al., 2008; Kuscu et al., 2008).

Our results showed a positive association between the presence of MIH and
complications during pregnancy, complications at birth, and medication used by children in
the early childhood. Regarding the degree of severity of MIH in this study, mild MIH was

predominant and there was no association of these risk factors with the degree of severity of
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MIH. These results may provide some support for a genetic inheritance contribution to MIH,
mainly in relation to clinical characteristics severity (Vieira et al., 2019).

Although recalling bias is an issue is the types of studies like ours, our study was
mostly comprised of mothers, who typically are better in recalling information related to the
early life of their children. However, the large gap between ages of children can make it
difficult for mothers to answer many questions of the questionnaire. We suggest studies with
children from 7 to 10 years old, allowing for a more accurate collection of information.

In summary, MIH is a multifactorial condition, more than one etiological factors can
determine its occurrence, especially childbirth complications and medication use during the
first years of children life, are associated with MIH. These results suggested that MHI may
be influenced by environmental factors; however, the genetical effect cannot be
underestimate. Longitudinal studies that evaluate enviromental and genetic impact in MHI

should be realize.

Conclusion

The results of this study showed that environmental facts, especially childbirth
complications and medication use during the first years of children life, are associated with
MIH.
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Table 1. Interaction between environments facts and Molar Incisor Hypomineralization (MIH)
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MIH p* (95%C.1) pr*
NO Yes
(n =60) (n=60)
n (%) n (%)
Degree of MIH severity Mild 35 (58.3) - - -
Severe 25 (41.7)
Sex Female 30(50.0) 30 (50.0) - - -
Male 30(50.0) 30 (50.0)
Mean Age (SD) 9.(£1.7) 9.(£1.5) 0.544** 1.05(0.86-1.29) 0.581
Intercurrences during pregnancy Yes 14(23.3) 32 (53.3) 0.001 3.75 (1.74- 8.42) 0.001
and complications in early childhood No 46(76.7) 28(46.7)
Intercurrences during early childhood Yes 8 (13.3) 19 (31.7) 0.029 3.01(1.23- 7.95) 0.019
(medication and systemic complications) No 52(86.7) 41 (68.3)
Use of medication during pregnancy Yes 7(11.7) 9 (15.0) 0.788 1.33 (0.46- 3.99) 0.592
No 53(88.3) 51 (85.0)
Intercurrences duringpregnancy Yes 6 (10.0) 17 (28.3) 0.020 3.55 (1.35-10.57) 0.014
No 54 (90.0) 43 (71.7)
Complications at child birth Yes 5(8.3) 14 (23.3) 0.045 3.348 (1.18-10.99) 0.030
No 55 (97.7) 46 (76.7)

* Chi Square (p<0.05) ** Student’s t-test (p<0.05)
**** | ogistic regression (p<0.05) Logistic regression OR



Table 2: Relationship between MHI severity and environmental factors
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Intercurrences during early childhood
(medication use)
Intercurrences during pregnancy

/complications in early childhood

Use of medication during pregnancy

Intercurrences during pregnancy

Complications at child birth

Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

Mild

n=35

n (%)
8 (42.1)
27 (65.9)
17 (53.1)
18 (64.3)
6 (66.7)
29 (56.9)
12 (70.6)
23 (53.5)
6 (42.9)

29 (63)

MIH

Severe
n=25
n (%)
11 (57.9)
14 (34.1)
15 (46.9)
10 (35.7)
3(33.3)
22 (43.1)
5 (29.4)
20 (46.5)
8 (57.1)
17 (37)

0.146

0.540

0.722

0.260

0.302

* Chi Square (p<0.05)
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Figure 1: A) Incisors with mild degree of MIH; B) First permanent molar presenting opacity without
loss of structure; C) First permanent molar with opacity and loss of structure. Image made from
Department of Paediatric Dentistry and Orthodontics, School of Dentistry, Universidade Federal do
Rio de Janeiro.
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Abstract

Obijectives: To determine the association of genes that acting in the amelogenesis with molar
incisor hypomineralization (MIH) and dental caries. Materials and Methods: The sample
was comprised of 118 patients, 54 with and 64 without MIH, at average ages of 10.1 (x1.9)
and 9.7 (x1.4) years, respectively. MIH was measured using the European Academy of
Paediatric Dentistry criteria of 2003. Caries experience was assessed by decayed, missing
and filled teeth (DMFT) index. Genomic DNA was collected from saliva and genetic
polymorphisms in ameloblastin (AMBN; rs 4694075), enamelin (ENAM; rs3796704,
rs7664896) and kallikrein (KLK4; rs2235091) genes were analyzed by real time polymerase
chain reaction analyses using TagMan chemistry. Data were analyzed using the PLINK
software package. Qui-square tests and Odds Ratio were used to compare allele and
genotype distribution of all groups (p<0.05). Results: Most patients were male (n=70) with
a total of 277 teeth evaluated were affected by MIH, 30.3% of them were first permanent
maxillary molars. Sixty-three (53.4%) children/adolescent presented caries lesion in at least
one tooth, presenting DMFT=1.03(x£1.32). There was an association between the variant
allele of polymorphism rs2235091 (A>G) in KLK4 gene (p<0.01) with the presence of MIH.
The polymorphisms rs4694075 (C>T) in AMBN and ENAM rs 3796704 (G>A) was
associated with dental caries (p<0.05). Conclusions: There is an association between
polymorphisms in genes that acting in enamel formation with MIH and dental caries.
Clinical Relevance: Greater knowledge concerning the etiological factors of MIH are

essential to allow its control and future prevention.

Keywords: Dental Caries, Dental enamel, Gene, Enamel defects, Polymorphirms
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Introduction

Dental enamel is the mostly mineralization tissue in the human body and its
formation is divided into four define stage: presecretory, secretory, maturation and
mineralization [1,2]. These stages are controlled by ameloblasts, cells that are responsible to
morphology and function of dental enamel [3]. Disturbances during the amelogenesis
(genetics/environment facts) may leads to permanent developmental defects of enamel
(DDE) [4,5]. The prevalence of DDE varies considerably and ranges from 6.7% to 67.1%
[6,7].

Molar Incisor Hypomineralization (MIH) is an example of qualitative enamel defect,
characterized by the appearance of white to brownish opacities [8]. MIH affects at least one
of the first permanent molars and may be associated with permanent incisor [9]. In addition,
these hypomineralization lesions have been associated with permanent canines and primary
second molars [10,11]. One of the main characteristics of MIH is enamel porosity, which
may cause the loss of tooth structure, resulting in functional disorder (pain, tooth sensitivity)
[9,12].

Ever since the criteria for MIH were developed, there has a great discussion about its
possible etiological factors. One of them is the genetic variation presents in genes that acting
in the enamel formation [4]. Among these genes, we can highlight; ameloblastin (AMBN),
enamelin (ENAM) and kallikrein (KLK4) that act in the phase of mineralization and
maturation [1,2]. Genetic variations in polymorphisms (SNPs) located in these genes could
contribute to structural defects and higher levels of mineral losses [2,3], which facilitate
dental fractures, so favoring dental caries [13]. Thus, the aim of this study was to investigate
the association between genetic polymorphisms in genes that acting in the amelogenesis with

MIH and caries experience in Brazilians individuals from Rio de Janeiro.

Material and methods

Ethics

This study was conducted after approval of the local research ethics committee
(Hospital Universitario Clementino Fraga Filho — HUCFF/UFRJ - Number:
44598514.7.00005257). All subjects/guardians read and signed a written informed consent

before their participation in the study.
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Study Design

This cross-sectional study was conducted at the Paediatric Dental Clinics of the
Universidade Federal do Rio de Janeiro between July 2015 and December 2016. A sample
consisting of 118 individuals of both sexes between 7 and 14 (9.94+1.67) years of age was
recruited during this period.

The groups were divided into children with MIH (n=54) and children without MIH
(n=64). The inclusion criteria for these study-included patients with full the first permanent
erupted molars. The exclusion criteria for both groups were children with syndromes, enamel
defects (except MIH, as hypoplastic lesions, fluorosis, amelogenesis imperfecta) and
patients undergoing orthodontic treatment.

The outcomes consisted on observing possible association between genetic variations
in the polymorphisms in AMBN, ENAM and KLK4 genes with MIH and dental caries. This
study followed the STROBE recommendation [14].

Training and calibration exercise

To assess the intra and inter examiner reliability for MIH and dental caries exams, a
calibration exercise was carried out through two stage: theorical and practical/clinical. The
theorical stage consisted of a discussion of the criteria for the diagnosis of MIH and dental
caries. A professor of pediatric dentistry (MCC), the gold standard, coordinated this step,
instructing the examiner on how to perform the clinical examination. The practical/clinical
step was performed firstly with 20 clinical pictures of dental enamel with and without defects
for MIH. Each dentist (the professor and the examiner) examined independently these
pictures for inter examiner agreement evaluation. Two weeks after the first assessment, a
new assessment of the pictures was carried out by the examiner for intra examiner
agreement.

For DMFT reliability a clinical stage was performed with children/adolescents who
did not compose the main sample. Each dentist (the professor and specialists) examined T.S
previously selected patients aged up to 14 years old. Data analysis involved Cohen’s Kappa
coefficient on a picture-by-picture and tooth-by-tooth basis. Inter-examiner agreement was
tested by comparing the examiner/specialists with the gold standard (Kappa = 0.90 for MIH
and Kappa = 0.89 for dental caries). The intra examiner values were Kappa = 0.88 for MIH.

Clinical Exam
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Clinical examinations were performed by pediatric dentists, with children sitting in
chairs at the dental office under artificial light. Caries experience was assessed by the DMFT
index (decayed, missing teeth due to caries, filled teeth) [15]. MIH were diagnostic using the
European Academy of Pediatric Dentistry (EAPD) [16]. Mild MIH cases were considered
when the tooth presented demarcated opacity > 1.0mm, without any loss of structure. While
severe cases were defined by teeth affected with a lesion that required treatment, loss of
structure, or presence of atypical restorations [17]. At the end of the clinical exam, each

patient received oral hygiene instructions.
Sample Collection/Genotyping and Allele analyses

Biological sample was collected from saliva and the DNA extracted were done by
the protocol for manual purification from 0.5 mL of DNA Oragene™. Before the collect,
all patients were informed to not eating for up to 30 minutes and a saliva stimulation was
performed for 1 minute. The amount of DNA concentration and the purity of each sample
was determined by Spectrophotometry (NanoDrop 1000, Thermo Fisher Scientific, US). The
DNA concentration was obtained by readings at 260 nm. In order to estimate the purity, the
proportion used was 260 nm /280 nm. Four single nucleotide polymorphisms (SNPs) in the
genes AMNB, KLK4, ENAM were included in that study (Tablel).

Genotyping was performed by real-time polymerase chain reaction (PCR). All PCR
reactions were prepared with a final volume of 3.0p (1l of DNA with a concentration of 1
ng /ul reaction); 1.5 uL master mix; 0.075 pL of the Tagman of each SNP including in the
study and 0.425uL of deionized water ¢.s.q.) Reaction were carried out using Tagman
chemisry in total volumes of 3.0 pL in an ABI PRISM Sequence Detection System 7900,
The genotyping results were analyzed using SDS software version 1.7 (Applied Biosystems).
PCR reactions were repeated twice when necessary and allele frequencies were calculated.

Statistical Analyses

Data were analyzed using the PLINK software package [19]. Chi-square test and
Odds Ratio (OR) were used to compare allele and genotype distribution based on MIH group
(affect versus unaffected) and based on the presence of dental caries (caries free and
experience of caries for both groups with MIH and without MIH). Hardy-Weinberg
equilibrium was evaluated using the Chi-square test within each polymorphism and the

descriptive statistics was performed by SPSS version 20.0 (Statistical Package for Social
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Sciences, SPSS Inc., Chicago, IlI). In order to account for multiple testing, Bonferroni
correction was performed and p-values of 0.001 (0.05/4) or below were considered

significant.

Results

All the subjects recruited were included in the study. The participants were divided
into children with MIH (n=54) and without MIH (n=64), with average ages of 9.9 (+1.9) and
9.7 (£1.7) years, respectively. In addition, most of the sample was composed of males n=70
(59.3%).

Two hundred and seventy seven teeth were affected by MIH lesion, 30.3 % (n=84)
of them were first permanent maxillary molars, 27.8% (n= 77) were first permanent
mandibular molars, 23.8% (n=66) were permanent maxillary incisors, and 18.1% (n=50)
were permanent mandibular incisors. Most children presented mild MIH lesions (60.6%; n
= 32), followed by severe MIH lesion (39.4%; n = 22). A total of 63 (53.4%) individuals
presented dental caries (DMFT=1.03(x£1.32) and most of them were in MIH group (52.4%;
n=33), followed by without MIH (47.6%; n=30).

Both rs3796704 SNP in ENAM (Table 2) and rs4694075 in AMNB (Table 3) showed
an association with dental caries (p<0.05), while rs2235091 SNP in KLK4 is not association
with dental caries (p<0.05). Regarding the presence of MIH, there was a statistical evidence
with the polymorphisms rs2235091 (A>G) in the KLK4 (p<0.01, OR =3.75; 95% C.I = 1.84-
7.62) (Tables 4 and 5).

Discussion

Several different etiological factors have been identified as causing to enamel defects
[4,20,21]. In this study, we evaluated whether possible association between the
polymorphisms located in the genes that are associated with development enamel with MIH
and dental caries. All genes included has important functions in the stages of maturation and
mineralization of amelogenesis [2,3] (Table 1).

Although the AMBN and ENAM genes present strong association in the literature
with the presence of MIH [5,22], in our study this evidence was not found. The only SNP
that found an association in with MIH was rs2235091in KLK4 gene. This contrasts with a
previously study that observed no evidence with KLK4 gene and MIH [23]. It is may be
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associated with different demographic and socio-economic characteristics, since Brazilian
population is considered genetically heterogeneous [24] and the studies were done in a
different region. Another aspect to be considered is the influence of environmental factors,
since MIH can be defined as a multifactorial condition [21,25,26].

Another significant variable in our study was the association between polymorphisms
rs3796704 in ENAM and rs4694075 in AMNB with dental caries. Some reports in the
literature demonstrated that genes involved in enamel development have a susceptibility to
dental caries [27,28, 13]. Vasconcelos et al. [29] demonstrated an association between the
MMP13 genes with caries experience and development enamel defects (DDE). In addition,
the same study pointed out the importance of collected some environmental information as
dietary habits and oral hygiene to possible performing gene-environment analysis [29].

Among the limitations that we have faced in this study are the sample size that may
not have the expected effect. In contrast, the strengths of this study include the well-
characterized phenotype, determined by experienced dentists and these increase the
confidence in the results obtained. Another limitation was that we were unable to obtain data
collected from some environmental information such as used the medication, in the early
childhood, during in the pregnancy period and diary habits.

Future studies can investigate the gene-environment interaction since these
conditions are classified as multifactorial diseases. It is important to explore this condition
from different demographic and socioeconomic characteristics. We suggest other studies

with different populations, thus characterizing the importance of multicenter studies.

Conclusion

The polymorphism rs2235091 located KLK4 had an association with the presence of
MIH and the results showed an association between polymorphisms rs3796704 in ENAM
and rs4694075 in AMBN (MIH group) with dental caries.
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Table 1 Genetic polymorphism characteristics in this study
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Gene SNPs Locus Base change ~ Consequence
Ameloblastin (AMBN) rs4694075 4921 C>T Intron variant
rs3796704 4913.3 G>A Intron variant
Enamelin (ENAM)
rs7664896 4913.3 G>C 3’UTR
Kallikrein (KLK4) rs2235091 19¢13.3/q13.4 A>G Intron variant

Information source: dbSNP from https://www.ncbi.nlh.nih
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Table 2. Caries experience genotype and Allele frequency.

Gene/ Patients total (n=118) Genotype, n (%) Alelle n (%) *p
Polimorfismo  Caries free n= 55
Caries experience n= 63

KLK4 Caries Experience GG AG AA Undetermined A G
rs2235091
12(19) 19(30.2) 13(20.6) 19(30.2) 45(51.1)  43(48.9) 0.68
Caries free GG AG AA Undetermined A G '
6(11) 11(20) 11(20) 27(49) 33(59) 23(41)
ENAM Caries Experience GG GA AA Undetermined G A
rs 3796704
29(46) 12(19) - 22(35) 70(85.4) 12(14.6) 0.04
Caries free GG GA AA Undetermined G A
21(38.2) 2(36) - 32(58.2) 44(95.7)  2(4.3)
ENAM Caries Experience GG CG cc Undetermined G C
rs7664896 3(20.6) 12(19) 23(36.5)  25(39.7) 18(23.7) 58(76.3) 0.42
Caries free GG CG cC Undetermined G C
4(7.2) 10(18.2) 7(12.7) 34(61.9) 12(26) 34(74)
AMNB Caries Experience T CcT cc Undetermined C T
rs4694075 11(17.4) 19(30.1) 2(3.1) 31(49.2) 23(36) 41(64)
0.16
Caries free TT cT cc Undetermined C T
4(7.2) 10(18.1)  7(12.7)  34(61.8) 24(57.1)  18(42.9)

Statically significant (p<0.05)
*p = Chi-square or Fisher’s test
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Table 3. Genotype and Allele frequency comparisons related to caries experience in MIH group

Gene/
Polimorfismo

KLK4
rs2235091

ENAM
rs 3796704

ENAM
rs7664896

AMNB
rs4694075

MIH Group (n=54) Genotype, n (%) Alelle n (%)
Caries free n= 22
Caries experience n=

32
caries free GG AG AA Undetermined A G
5(21.7) 3(13) 3(13) 11(52.1) 9(41) 13(59)
caries experience GG AG AA Undetermined A G
8(24.3) 6(182)  1(3) 17(54.5) 8(26.7) 22(73.3)
caries free GG GA AA Undetermined G A
521.7) 1(43) - 16(74) 12(92.4)  1(7.6)
caries experience GG GA AA Undetermined G A
14(42.4) 6(18.2)  ----- 12(39.3) 34(85) 6(15)
caries free GG CG CcC Undetermined G C
2(8.7) 3(13) 2(8.7) 15(69.7) 7(50) 7(50)
caries experience GG CG cc Undetermined G c
2(6) 8(24.2)  13(39.39) 9(30.3) 12(26) 34(74)
caries free TT CT cc Undetermined C T
5(21.7) 1(4.3) 5(21.7) 11(52.2) 12(50)  12(50)
caries experience T CT cc Undetermined C T
5(15.1) 6(18.1) 1(3) 21(63.6) 8(33.3) 16(66.7)

Statically significant (p<0.05)

*p = Chi-square or Fisher’s test

0.34

0.39

0.28

0.04
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Table 4. Genotype and Allele frequency in the groups MIH/without MIH

Gene/
Polimorfismo

KLK4
rs2235091

ENAM
rs 3796704

ENAM
rs7664896

AMNB
rs4694075

Patients total
(n=118)

MIH= 54
Without MIH= 64

MIH group

Without MIH group

MIH group

Without MIH group

MIH group

Without MIH group

MIH group

Without MIH group

Genotype, n (%)

GG AG AA
14(25.9) 8(14.8) 5(9.3)
GG AG AA
6(9.4)  22(34.4) 19(29.7)
GG GA AA
19(35.2) 6(11.1) -
GG GA AA
29(45.3) 10(15.6)  -----
GG cG cc
3(20.6) 12(19)  23(36.5)
GG cG cc
472) 9(141) 27(422)
T cT cc
11(17.4) 19(30.1) 2(3.1)
TT CT CC
17(26.6) 10(15.6) 10(15.6)

Undetermined
27(50)

Undetermined
17(26.6)

Undetermined
29(53.7)

Undetermined
25(39.1)

Undetermined
25(39.7)

Undetermined
25(39.1)

Undetermined
30(55,6)

Undetermined
27(42.2)

Alelle n (%)
A G
18 (33.3) 36 (66,7)
A G
33(59) 23(41)
G A
44(68.7) 6(9.3)
G A
68(84.4) 10(15.6)
G C
18(23.7) 58(76.3)
G C
12(26) 34(74)
C T
23(36) 41(64)
Cc T
50(78.1) 44(21.9)

0.01

0.27

0.57

0.31

Statically significant (p = 0.05)
p*Test Chi-square or Fisher’s test




Table 5. Summary of the Allelic association with MIH

GENE SNP WT OR(95%C.I) * **p value
AMBN rs4694075 C 0.724 (0.352-1.487) 0.378
ENAM rs3796704 A 0.981 (0.333-2.88) 0.973
ENAM rs7664896 G 1.831 (0.821- 4.07) 0.136
KLK4 rs2235091 G 3.75(1.84- 7.62) 0.001

**Statically significant (p< 0.05)
WT= Wild type
Note: *OR (95%CI) = Odds ration; 95% confidence intervals
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Abstract

Molar incisor hypomineralization (MIH) is an enamel disorder characterized by
white to brownish lesions presenting rapid caries progression, and mainly affecting
permanent first molars and incisors. These enamel defects usually occur when there are
disturbances during the mineralization or maturation stage of amelogenesis. Both genetics
and environmental factors have been suggested to play a role in its development, but no
conclusive risk factors explained the disease source. During the head and neck development,
the interferon regulatory factor 6 (IRF6) gene is a key element for normal oral and
maxillofacial structure formation whereas the transforming growth factor alpha (TGFA) is
an essential cell regulator, acting during proliferation, differentiation, migration and
apoptosis. In this present study, we hypothesized that these genes interact and contribute to
predisposition of MIH. Environmental factors affecting children that were 3 years of age or
older were also hypothesized to play a role in the disease etiology. A total of 1,065 salivary
samples from four different cohorts were obtained, DNA was extracted from each sample
and nine single nucleotide polymorphisms genotyped. Association tests and logistic
regression implemented in PLINK were used for analyses. No significant associations were
identified other than a potential interaction between TGFA rs930655 with all the markers
tested in the Turkish population. These interactions were not identified in the remaining
cohorts. Associations (p<0.05) between the use of medications after three years of age and
MIH were also found, suggesting that infections at the age children starts to socialize

contribute to the development of MIH.

Keywords: Enamel defects, Gene, Molar, Hipomineralization
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Introduction

The hardest biological material in the human body is the tooth enamel, composed by
both mineral and organic phases (Cuy et al. 2002). Disturbances during amelogenesis will
impact maturation or mineralization stages, and can lead to defects in the enamel
translucence, also called enamel hypomineralization (Jeremias et al. 2013). Molar-incisor
hypomineralization (MIH) is an example of an enamel disorder characterized by the
appearance of white to brownish lesions presenting rapid caries progression and
hypersensitivity (Garg et al. 2012). These asymmetrical lesions affect first permanent molars
associated or not with permanent incisors (Raposo et al. 2019) and more recently MIH has
been reported to also affect canines (Vieira and Kup 2016). Prevalence of MIH varies but
has been consistently reported to range between 1% and 35% in all parts of the world, with
most reported frequencies range around 12% (Hussain et al. 2018; Koruyucu et al. 2018b;
Saitoh et al. 2018; Zhao et al. 2018; Ahmad et al. 2019; Davenport et al. 2019; Glodkowska
and Emerich 2019; Gorbatova et al. 2019; Goswami et al. 2019; Kilinc et al. 2019; Mejia et
al. 2019; Rai et al. 2019; Villanueva-Gutierrez et al. 2019; Hartsock et al. 2020; Silva et al.
2020). Nevertheless, different systematic reviews concluded that none of the previously
studied environmental factors that were believed to be risk factors for MIH fully explained
the disease etiology (Silva et al., 2016; Vieira and Kup 2016; Fatturi et al., 2019). In contrast,
etiological factors associated with enamel forming genes (Jeremias et al., 2013) or in
immune response-related genes (Bussaneli et al., 2019) have been reported to play a role in
the disease onset.

Over the past few years, our group has focused on studying different phenotypes that
may be present in the same individual with the hypothesis that they may be influenced by
the same underlying genetic variation (Bezamat et al. 2019). Conditions such as cleft lip and
palate, for example, have shown an increased frequency of abnormal tooth sizes and
morphology (Walker et al., 2009); we have shown that the frequency of dental anomalies as
a consequence of disturbances in dental development was much higher in individuals born
with clefts, indicating that dental phenotypes should be considered an extended phenotype
of oral clefts (Letra et al., 2007). More recently, we have shown that some genetic
associations for MIH can be identified when studied in combination with cleft lip and palate
(Koruyucu et al. 2018a). Since we showed that the interaction of IRF6 and TGFA appeared
to contribute to oral clefts (Letra et al. 2012), we aimed to test if this interaction contributed

to MIH as well.
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Methods

The study population consisted of 1,065 individuals from four populations including
three Brazilian cohorts and a Turkish cohort. Saliva sample collection and DNA extractions
were described previously (Trevilatto and Line 2000). Two groups were from Curitiba,
Brazil; the first group consisted of 356 subjects (169 females and 187 males) and the study
protocol was approved by the Municipal Department of Education and the Committee for
Ethics in Research in Human Health Sciences of the Federal University of Parana (UFPR,;
approval no. 1.613.829 / 2016). The second group from Curitiba consisted of 200 individuals
(108 females and 92 males) and the project was approved by the Ethics and Research
Committee of the Pontifical Catholic University of Parana, under the protocol number
1.971.986. The third cohort was from Rio de Janeiro, Brazil, consisted of 174 individuals
(73 females and 101 males), and the study protocol was approved by the local Ethics
Committee for Research (Hospital Universitario Clementino Fraga Filho - HUCFF/UFRJ —
approval protocol number 4598514.7.00005257). Finally, the Turkish population consisted
of 335 subjects (164 females and 171 males) and the study was approved by the Istanbul
University (approval protocol number 2006/2508) Institutional Review Board. Further
oversight was obtained at the University of Pittsburgh Institutional Review Board (IRB
approval protocol numbers PRO0710045 and PRO12080056). All subjects/guardians read
and signed a written informed consent before their participation in the study. All four cohorts
are described in detail below and a breakdown of the populations used in the study is
described in Table 1.

Cohort from Curitiba, Brazil (Federal University of Parana):

Eligibility criteria, calibration of the examiners and data collection

For this case-control study, the sample enrolled 356 school children, which were
randomly selected from a representative population (Portella et al. 2019). This previous
cross-sectional study involved 731 school children from public schools from the city of
Curitiba. To ensure the representativeness, two-stage cluster sampling was performed. First,
two schools from each administrative district was randomly selected. Second, two or three
classrooms from each selected school were randomly selected. The random method
consisted of using simple raffles using the website www.randomizer.org. To generate the

random sequence, a numerical sequence for schools and classrooms was used. School
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children aged 8 years old, with four first molars erupted in the oral cavity were included.
School children who had orthodontic braces, syndromes, or amelogenesis imperfecta were
excluded from the study. The affected group was composed of children with at least one
tooth affected by MIH or hypomineralization (demarcated opacity) of second primary
molars. The comparison group consisted of children who had no teeth with
hypomineralization (demarcated opacity).

A structured questionnaire was completed by the children’s caregivers to collect
socioeconomic data from the population. Prior to the study, the questionnaire was pilot-
tested in one school from Curitiba. No modification of the questionnaire was necessary to
improve comprehension. Four examiners were previously trained and calibrated to diagnose
developmental defects of enamel (DDE), MIH, and dental caries. Molar-incisor
hypomineralization was diagnosed based on EAPD criteria (2003) (Weerheijm et al. 2003),
and DDE was diagnosed using the modified DDE index (Commission on Oral Health,
Research & Epidemiology. FDI Working Group 1992). For initial training 30 intraoral
photographs of DDE and MIH were selected, and the clinical conditions that were associated
with this differential diagnosis were defined. Afterward, 60 photographs of different clinical
scenarios that involved various manifestations of DDE and MIH were analyzed
independently by the examiners. After one week, the examiners independently analyzed the
same photographs in a different order (duplicate examination). The clinical examination was
then performed in a school environment using artificial light, a dental mirror, a dental probe
with a blunt tip, and sterile gauze. Data collection was performed from November 2016 to
September 2017.

Cohort from Curitiba, Brazil (Pontifical Catholic University of Parand):

Eligibility criteria, calibration of the examiners and data collection

The sample consisted of 200 individuals affected and non-affected by MIH, enrolled
in municipal schools, in Curitiba, in 2018. Of these, 100 cases and 100 controls and a total
of 108 females and 92 males were included. This cohort was recruited independently from
the cohort recruited by investigators at Federal University of Parana, however there is a
possibility some individuals participated in both studies and data from both groups were
always analyzed separately. The inclusion criteria were children between 6 and 10 years of

age, affected by MIH in completely erupted teeth. As for exclusion criteria, individuals
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undergoing orthodontics treatment or scoring 3, 4, 5 and 6 of ICDAS (International Caries
Detection and Assessment System) were excluded from the study population. Two
interviewers were calibrated on MIH diagnosis using photographs according to a previously
published criterion (Ghanim et al. 2017).

Cohort from Rio de Janeiro, Brazil:

Eligibility criteria, calibration of the examiners and data collection

This sample consisted of 174 males and females, from 7 to 14 (10.13 £ 1.9) years of
age, treated at the Paediatric Dentistry Clinic of the Federal University of Rio de Janeiro,
who were recruited from July 2015 to April 2017. Individuals were divided into children
with MIH (n=78) and without MIH (n=96). The eligibility criteria for this study included
patients having all the first permanent molars erupted. The exclusion criteria consisted of
children affected by congenital syndromes, enamel defects (hypoplastic lesions, fluorosis,
amelogenesis imperfecta or tetracycline stain) and patients undergoing orthodontic
treatment.

To assess for inter and intra examiner-reliability, a theoretical exercise was
previously applied for two days. Twenty clinical images of dental enamel defects including
fluorosis, hypoplasia, amelogenesis imperfecta, dental caries and MIH were shown to the
examiners (F.M.F.S., M.C.M). Two weeks after the first assessment, a new assessment was
carried out with the examiners and the kappa was 0.88 and 0.89, respectively.

The health aspects were collected through an anamnesis record including the
demographic data (child’s age, sex, place of birth, residence, parent’s education and income),
mother health during pregnancy (medications used, severe infections and complications
during childbirth), and child medical history (medications, systemic diseases, high fever,
malnutrition, asthma, bronchitis, epilepsy, and severe infections). The clinical examination
was performed by the calibrated dentist (F.M.F.S).

Examination was carried out using a mirror and a probe, at the dental chair and using
artificial light. MIH was evaluated using the European Academy of Pediatric Dentistry
(EAPD). Mild MIH cases were considered when the tooth presented demarcated opacity >
1.0mm, without any loss of structure. Severe cases were defined by teeth affected with a

lesion that required treatment, loss of structure, or presence of atypical restorations.
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Cohort from Istanbul, Turkey:

Eligibility criteria, calibration of the examiners and data collection

Eligible individuals were enrolled in the Pedodontics Clinics of Istanbul University,
Turkey (n = 335, ages ranging from 6 to 12 years). The exclusion criteria included having
evidence of a syndrome, fluorosis, or use of a fixed appliance. MIH diagnosis was performed
according to the EAPD (European Association of Paediatric Dentistry) criteria. Cases were
defined as a subject with MIH phenotype, while controls were defined as subjects with no
evidence of MIH (including no evidence of fluorosis).

Calibrated examiners carried out the clinical examination, with the coauthor F.S.
having calibrated M.B. and M.K. Exam calibrations were performed according to the
following protocol: First, the calibrator presented to the examiner the criteria for MIH
detection, showing pictures of several situations to be observed in the exam and discussing
each of these situations in a session that lasted one to two hours. Next, the calibrator and
examiner(s) examined 10-20 subjects and discussed each case. M.K. pre-screened subjects,
and M.B. performed the full exam. This cohort and methodology have been reported before
(Jeremias et al., 2013).

Clinical examinations were done with the use of a flashlight and intra-oral mirror.
Gauze was used to dry and clean teeth prior to exam. Artificial light and a dental operatory
were used for all evaluations. An explorer was gently used for assessing the smoothness of
tooth surfaces. White spot lesions were distinguished from developmental enamel defects
simply on clinical grounds based on the association of the lesions with areas of mature plaque
and location on the tooth (i.e., white lesion appearing to be slightly supragingival, either
associated with slight gingival inflammation or healthy gingival tissue, combined with the
aspect of the lesion when dry (white chalk looking versus dry). No radiographs were

available. Drinking water in the Istanbul region is not artificially fluoridated.

Single marker analysis

The amount of DNA and the purity of each sample was determined by
spectrophotometry (NanoDrop 1000, Thermo Fisher Scientific, US). The DNA
concentration was obtained by readings at 260 nm. In order to estimate the purity, the
proportion used was 260 nm / 280 nm. Five single nucleotide polymorphisms (SNPs) in
IRF6 (rs2073487, rs2013162, rs17015215, rs861019, rs642961) and four in TGFA were
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genotyped (Table 2). PCR reactions were carried out using Tagman chemistry (Ranade et
al. 2001) in 3.0 ul reaction volumes in an ABI PRISM Sequence Detection System 7900
(Applied Biosystems, Foster City, CA, USA). Genotyping calls were analyzed using SDS
software version 1.7 (Applied Biosystems). PCR reactions were repeated twice when
necessary and allele frequencies were calculated.

All SNPs in all samples were tested for deviation from Hardy—Weinberg equilibrium
using chi-square. Association analyses were performed comparing genotypes to phenotype
between affected individuals and their respective comparison group as implemented in the
PLINK software (Purcell et al. 2007). Odds ratios and 95% confidence intervals were
calculated. In order to account for multiple testing, Bonferroni correction was performed and

p-values of 0.001 (0.05/36) or below were considered significant.

Gene-gene interactions

Gene-gene interaction analyses were performed using logistic regression as
implemented in PLINK, considering the SNPs as independent variables and MIH a
dependent variable seeking for evidence of interaction between IRF6 and TGFA. P-values

below 0.0004 (0.05/108) were considered statistically significant.

Immunofluorescence

Expression of Tgfa and Irf6 proteins was performed on paraffin sections from heads
of wild type at E16.5. Maintenance and handling of mice were approved by the Animal Care
Unit at the University of lowa. Tissues were deparaffinized and rehydrated in a series of
ethanol dilutions. Slides were boiled for 20 min in antigen unmasking solution (Vector
Laboratories, H-3300). Sections were blocked with 20% donkey serum (sigma, D9663A),
then incubated overnight at 4 °C with the following primary antibodies: polyclonal goat anti-
Tgfa (1:50, R&D, AF-239-SP) and polyclonal rabbit anti-Irf6 (1:50, sigma SAB2102995).
After rinsing in PBS, sections were incubated with secondary antibodies conjugated to Alexa
Fluorophore 488 or 555 (Molecular Probes, Invitrogen, CA). The nuclei were counterstained
with DAPI in PBS (1:10000). The images were taken using a ZEISS 700 confocal

microscopy.

Gene-environment interactions
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We have tested for potential associations between MIH and factors that affected the
children of 5 years of age or older in the cohorts from Curitiba (Federal University of Parana)
and Rio de Janeiro. The variables included respiratory issues, nutrition, intolerance, infection
and medications, and were part of the questionnaires obtained for both MIH affected and
unaffected children. Analyses were performed using logistic regression as implemented in
PLINK. We have complied with the STROBE guidelines in this study.

Results

All markers were in Hardy-Weinberg equilibrium (PLINK threshold p-value bellow
0.001), with the exception of rs930655 in the sample from Curitiba (Federal University of
Parand) and this SNP was excluded from further analysis (Table 2). We also excluded
rs2073487, rs642961 and rs2902345 in the sample from Rio de Janeiro, and rs1523305 and
rs2902345in the sample from Curitiba (Pontifical Catholic University of Parand). The
numbers in bold in Table 2 highlight the distribution of the genotypes deviating from hardy-
Weinberg equilibrium.
Single marker analysis

No significant associations between the selected SNPs and MIH were detected in the

study populations.

Gene-gene interaction analyses

The cohort from Rio de Janeiro showed a trend towards statistical evidence of
interaction between TGFA rs1523305 and IRF6 rs642961 (p=0.03) and between IRF6
rs2073487 and TGFA rs2902345 (p=0.04). Significant results were found for the cohort from
Istanbul between TGFA rs930655 and all IRF6 markers (Table 3).

Gene Expression Analysis

We investigated the localization of Tgfa and Irf6 in wild type mice at critical stages
of dental development. We observed expression of 1rf6 in ameloblasts, apparently more
membrane-bound than cytoplasmic or nuclear, whereas expression of Tgfa was not observed
(Figure 1).

Environmental factors
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No significant associations were identified other than between MIH and medications
taken after three years of age (Table 4). In the Curitiba cohort (Federal University of Parand),
out of 191 individuals who reported having taken medications, 52 were affected by MIH and
139 were not. In contrast, out of 166 individuals who reported not taking any medications,
36 were affected with MIH and 130 were not. In the cohort from Rio de Janeiro, 35
individuals reported having taken medications and are affected by MIH, 15 reported having
taken medications and are not affected by MIH, 43 did not take any medications and are
affected with MIH and 81 did not take medications and are not affected by MIH. In both
groups we found statistical evidence for an interaction of IRF6 and TGFA genotypes and
medication intake at 3 years of age (Table 4).

Discussion

We previously suggested that interferon regulatory factor 6 (IRF6) and transforming
growth factor alpha (TGFA) interact in the formation of cleft lip and palate (30) and we
hypothesized this interaction might be relevant on the etiology of Molar Incisor
Hypomineralization as well, since these two defects apparently may be genetically linked
(Letra et al., 2012). We found evidence that this interaction may be relevant only in the
cohort from Turkey, which may indicate genetic factors contributing to the formation of
MIH may vary depending on geographic origin. This idea is supported by the evidence that
MIH frequency vary across the world (Hussain et al. 2018; Koruyucu et al. 2018b; Saitoh et
al. 2018; Zhao et al. 2018; Ahmad et al. 2019; Davenport et al. 2019; Glodkowska and
Emerich 2019; Gorbatova et al. 2019; Goswami et al. 2019; Kilinc et al. 2019; Mejia et al.
2019; Rai et al. 2019; Villanueva-Gutierrez et al. 2019; Hartsock et al. 2020; Silva et al.,
2020). Both MIH and clefts apparently have higher frequencies in the north of Europe and
this frequency declines as we travel towards the Mediterranean (Vieira 2006; 2019).

We previously reported an interaction of TGFBR1 and childhood pneumonia as a
possible gene-environment mechanism that increases the chance of occurrence of MIH.
Similarly, we reported statistical evidence of potential interaction between genes related to
tooth development and immune response (Bussaneli et al. 2019). Here we report evidence
for both gene-gene (IRF6-TGFA) and gene-environment (IRF6-medications taken and
TGFA-medications taken), which supports our hypothesis that MIH is a complex genetic

condition (Vieira and Kup 2016). Previous work suggested that MIH is associated with
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medication intake although others (reviewed by Silva et al. 2016) did not confirm this
finding. The use of medications, which is a surrogate for illness, apparently can lead to MIH
depending on genetic variation in IRF6 and TGFA. To properly test this hypothesis, the
establishment of a cohort of pregnant women that can be prospectively followed from birth
to the establishment of the permanent dentition will allow to minimize issues of recall bias
and to provide more definitive answers that the currently published literature that used more
convenient study designs could not to.

The possible involvement of IRF6 and TGFA with MIH also supports the idea that
MIH and cleft lip and palate are linked. We believe isolated cleft lip and palate is actually is
a syndrome that involves disturbances of the dentition (Koruyucu et al. 2018a) and one line
of investigation is to test if genetic variants associated with oral clefts also associate with
MIH. We have proposed this approach for isolated tooth agenesis as well (Vieira 2003), and
it provided a tool for gene discovery (Vieira et al. 2008a; 2008b). TGFA and IRF6 did not
show the same pattern of expression in teeth and the mechanism of how they may interact
to lead to MIH is yet to be determined.

Among the limitations that we have experienced in this present study are the sample
size that may not have allowed the detection of small effect sizes, and that not always we
had detailed information about the type of medication the patients took since those were self-
reported. In contrast, the strengths of this study include the well characterized phenotype
studied here, determined by experienced dentists, and the diverse geographic populations
studied. These factors combined increase the confidence in the results obtained. Additional
studies to test potential gene-gene interactions in diverse populations are warranted and
study designs should aim to obtain a more detailed information about what specific
medications are involved in the development of MIH.

In summary, we provided evidence that IRF6 and TGFA are involved with MIH and
this effect may become more likely apparent when children have to make use of medications

around the age of three years.
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Table 1. Breakdown of populations used in the study

Population Total Sample MIH Affected  MIH Unaffected Sex
Male Female
Curitiba
Federal University of Parana 356 87 269 187 169
Curitiba
Pontifical Catholic University of Parana 200 100 100 %2 108
Rio de Janeiro
Universidade Federal do Rio de Janeiro 174 8 % 101 73
Istanbul 355 163 172 171 164

Total 1.065 428 637 551 514




Table 2. Characteristics of the selected variants and genotypic results.
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Gene

IRF6

TGFA

SNP marker

rs2073487

rs2013162

rs17015215

rs861019

rs642961

rs2902345

rs2166975

rs1523305

rs930655

Base change

T>C

A>C

C>T

A>G

A>G

T>C

G>A

C>T

A>G

Consequence

Intron variant

Synonymous variant

Missense variant

Intron variant

None

Intron variant

Synonymous variant

Intron variant

Intron variant

Genotyping Calls

Population MIH Affected MIH Unaffected
Curitiba (Federal University of Parand) 14/40/32 52/118/88
Curitiba (Pontifical Catholic University of Parana) 20/43/28 15/42/38
Rio de Janeiro (Universidade Federal) 5/6/55 11/11/56
Istanbul 15/56/75 21/70/80
Curitiba (Federal University of Parana) 16/41/29 51/121/88
Curitiba (Pontifical Catholic University of Parand) 12/63/21 11/49/35
Rio de Janeiro (Universidade Federal) 4/14/33 2/10/50
Istanbul 16/54/73 23/68/81
Curitiba (Federal University of Parana) 0/21/62 5/38/209
Curitiba (Pontifical Catholic University of Parana) Not genotyped

Rio de Janeiro (Universidade Federal) 6/18/30 5/33/24
Istanbul 2/3/130 1/7/1144
Curitiba (Federal University of Parand) 15/37/35 41/120/97
Curitiba (Pontifical Catholic University of Parand) 11/42/31 11/49/26
Rio de Janeiro (Universidade Federal) 9/35/13 10/33/15
Istanbul 34/70/42 38/69/42
Curitiba (Federal University of Parand) 4/21/61 7/70/184
Curitiba (Pontifical Catholic University of Parana) 8/23/65 7/21/68
Rio de Janeiro (Universidade Federal) 3/39/31 2/53/33
Istanbul 5/43/99 5/36/105
Curitiba (Federal University of Parand) 10/42/30 59/102/90
Curitiba (Pontifical Catholic University of Parand) 20/7/52 21/12/47
Rio de Janeiro (Universidade Federal) 19/15/36 11/19/45
Istanbul 42/62/47 38/60/54
Curitiba (Federal University of Parand) 2/29/56 20/72/164
Curitiba (Pontifical Catholic University of Parana) 7/19/74 8/20/71
Rio de Janeiro (Universidade Federal) Not genotyped

Istanbul 9/38/98 7/62/98
Curitiba (Federal University of Parand) 13/51/22 66/106/86
Curitiba (Pontifical Catholic University of Parand) 24/8/53 28/10/53
Rio de Janeiro (Universidade Federal) 9/21/35 7122161
Istanbul 43/57143 40/62/46
Curitiba (Federal University of Parand) 11/31/44 61/60/136
Curitiba (Pontifical Catholic University of Parand) 18/48/32 10/50/34
Rio de Janeiro Not genotyped

Istanbul 9/39/98 9/54/82
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Table 3. Summary results of gene-gene interaction analysis between TGFA rs930655 and the other IRF6

markers in the samples from Istanbul.

SN Allel Odds Rati p-value
rs17015215 T 33.94 2.603e-016
rs2013162 A 25.24 2.992e-019
rs861019 A 33.92 1.379e-016
rs2073487 C 24.87 8.509e-019
rs642961 A 39.7 1.842e-015
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Table 4. Summary of gene-environment interaction results considering medications (taken after three years of
age).and its association with MIH phenotype in the cohort from Curitiba (Federal University of Parana) and
Rio de Janeiro (Universidade Federal).

Sample from Curitiba (Federal University of Parand)

p-value

Gene SNP Allele CR):»[C:S Vég[:ei?ce medic:ral)ti\gar:;J Zr?g MIH
influence only
rs17015215 T 2.49 0.028
rs2013162 A 2.33 0.04
IRF6 rs861019 G 2.5 0.026
rs2073487 C 2.34 0.04
rs642961 A 2.36 0.037 022
rs2166975 A 2.43 0.032
TGFA  rs1523305 C 2.3 0.044
rs2902345 T 2.4 0.038
Sample from Rio de Janeiro
p-value p-value of
Gene SNP Al 8232 V;:et:e:?ce medications and
influence MIH only
rs17015215 T 411 0.0009
rs2013162 A 5.16 0.0002
IRE6 rs861019 G 6.86 0.0004
rs2073487 T 5.74 1.9e-005 0.0002
15642961 A 4.72 Soae
oA rs1523305 C 4.94 5'8829'
rs2902345 C 3.91 0.0004
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E16.5 Iri6 Tgfa DAPI

AM: ameloblast
OD: odontoblast

expressed in ameloblasts (AM) but not odontoblasts (Raposo et al. 2019), whereas Tgfa expression
was not detected.
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S. CONSIDERACOES FINAIS

Os defeitos no esmalte dentario vem ganhado atencdo nos ualtimos anos e a
Hipomineralizacdo Molar Incisivo (HMI) foi a alteracdo que mais destacou-se neste cenério.
Estudos em relacdo a prevaléncia, caracteristicas clinicas e principalmente sobre os fatores
etiologicos tém sido investigados exaustivamente.

O primeiro estudo desta tese buscou avaliar a prevaléncia da HMI em diferentes
regides do Brasil, atraves da meta analise com o objetivo de comparar frequéncia da doenga
na amostra estudada. O resultado da meta analise mostrou uma alta heterogeneidade dos
estudos, isto pode estar associado com os diferentes critérios de diagndstico, métodos de
calibracdo do examinador e local de coleta. E fundamental conhecer a frequéncia de uma
doenca e padronizar os estudos epidemiol6gicos quanto aos meios de diagndstico e
calibragdo dos examinadores, fornecendo assim dados mais homogéneos para a populagéo.
Os resultados do primeiro estudo foram fundamentais para formular as estratégias e
caracterizacdo da amostra para os estudos seguintes.

No segundo estudo avaliamos a interacdo dos fatores ambientais com a HMI. Foi
observada uma associacdo positiva entre os seguintes fatores: complicacGes durante a
gravidez, complicacGes no nascimento e uso de medicamentos por criangas nos primeiros
anos de vida, o que corrobora a literatura (LAISIS et al., 2009; WHATLING et al., 2008).
No entanto, estudos recentes concluiram que nenhum desses fatores ambientais, previamente
estudados, explicavam completamente a etiologia desta condicdo (Silva et al., 2019; Fatturi
et al., 2019). Isso pode ser justificado pelo fato da maior parte dos questionarios terem sido
aplicados anos depois da gestacdo, 0 que aumenta as chances de subregistros por viés de
memoria, e leva a supor que outos fatores etioldgicos podem estar associados a HMI.

No terceiro estudo verificamos as possiveis associacGes dos polimorfismos ligados
aos genes ameloblastina (AMBN), enamelina (ENAM) e calecreina (KLK4) com a HMI e a
carie dentéaria. No que se refere & cérie dentaria e HMI, houve associacdo estatisticamente
significativa com o gene AMBN rs4694075 C>T no grupo com a HMI e experiéncia de céarie,
0 que nos levar a supor que esses pacientes sao mais suscetiveis a carie dentaria, ndo apenas
por suas caracteristicas clinicas, mas também pelas possiveis variagdes genéticas que 0s
genes relacionados & esta condicdo podem gerar no individuo. Assim, vale ressaltar que,

mesmo 0s pacientes com HMI e baixa experiéncia de carie devem ser monitorados
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frequentemente devido as mutacGes nesse gene investigadas. Foi encontrada associacéo
entre HMI e o polimorfismo rs2235091 no gene KLK4. Porém, um estudo realizado
anteriormente na populacdo brasileira ndo mostrou associacdo entre polimorfismos
localizados no KLK4 coma HMI (JEREMIAS et al., 2016). A divergéncia entre os resultados
pode estar associada as caracteristicas étnicas das amostras, uma vez que a populacao
brasileira é considerada geneticamente heterogéneca e esses estudos foram realizados em
diferentes cidades no Brasil.

Apesar de existirem dados na literatura de associacGes entre os polimorfismos
localizados nos genes (AMBN e ENAM) e a HMI (JEREMIAS et al., 2013), neste estudo ndo
foi observado esta associagdo. Possivelmente o tamanho amostral ndo foi suficiente para
alcancar resultados estatisticamente significativos, porém, por outro lado, achamos uma forte
associacdo com o gene KLK4.

Ap6s uma busca bibliogréfica a respeito dos fatores etioldgicos da HMI, verificou-
se a presenca desta condicdo em pacientes com fissuras labiopalatina (ALLAM et al., 2018;
LETRA et al., 2016). Esse fato motivou o estudo de associacdo entre genes relacionados
com fendas orais que apresentavam associa¢do com a HMI (KORUYUCU et al., 2018).

No quarto estudo foi realizado um estudo multicéntrico com amostra brasileira em
duas diferentes cidades e em uma amostra turca. Neste estudo foi observada a associacéo de
genes (IRF6 e TGFa) ligados a fendas orais com HMI. Além disso, verificamos a influéncia
do uso de medicamentos (nos primeiros anos de vida), pontencializando o efeito das
variacdes genéticas no genes investigados. Sendo assim, a HMI pode ser considerada uma
condi¢do multifatorial, influenciada tanto por genes quanto por fatores ambientais (gene-
ambiente, gene-gene). Esses resultados sugerem que outros genes e/ou alteragdes bucais
podem estar relacionados com a presenca de HMI e que estudos em diferentes populacbes

sdo de extrema importancia para a etiologia da Hipomineralizacdo Molar Incisivo.
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6. CONCLUSAO

e A prevaléncia de HMI na populacéo brasileira foi de 13,48%.

e Fatores ambientais; como complica¢Bes durante a gestacdo e o uso de medicamnetos
durante os primeiros anos de vida, apresentaram associa¢do com HMI;

e Houve associacdo dos fatores ambientais tais com o uso de medicamentos, infecdes
graves e complicacdes sistémicas durante o periodo gestacional e nos primeiros anos de
vida na presenca de HMI,

¢ Na&o houve a influéncia desses fatores em relacéo a gravidade da HMI,

e O polimorfismo localizado no gene KLK4 apresentou associacdo com a presenca de
HMI;

e Em relacdo a experiéncia de carie, ocorreu uma tendéncia estatistica nos polimorfismos
localizados nos genes ENAM e AMBN,;

e Os polimorfismos localizados nos genes IRF6 e TGFa estdo relacionados com o
desenvolvimento da HMI;

e Fatores ambientais tais como o0 uso de medicamentos nos primeiros anos de vida
interagiram com 0s genes /RF6 e TGFa na amostra brasileira nas cidades de Curitiba e

Rio de Janeiro, aumentando o risco para o desenvolvimento.
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HOSPITAL UNIVERSITARIO
CLEMENTINO FRAGA FILHO “QREraAl -
((HUCFF/ UFRJ))
PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA
Titulo da Pesquisa: PERCEPCAO ESTETICA DAS ALTERACOES DE OPACIDADE DO ESMALTE
DENTARIO E SUA SUSCEPTIBILIDADE GENETICA

Pesquisador: Fernanda Mafei Felix da Silva

Area Tematica: Genética Humana:
(Trata-se de pesquisa envolvendo Genética Humana que ndo necessita de analise
ética por parte da CONEP;),

Versdo: 2

CAAE: 44598514.7.0000.5257

Institui¢do Proponente: UNIVERSIDADE FEDERAL DO RIO DE JANEIRO
Patrocinador Principal: UNIVERSIDADE FEDERAL DO RIO DE JANEIRO

DADOS DO PARECER

Numero do Parecer: 1.120.443
Data da Relatoria: 02/07/2015

Apresentacdo do Projeto:
Protocolo 116-15. Respostas recebidas em 19.6.2015,

Objetivo da Pesquisa:
Ver parecer consubstanciado no 1.088.096, exarado em 31/05/2015.

Avaliacido dos Riscos e Beneficios:
Ver parecer consubstanciado no 1.088.096, exarado em 31/05/2015.

Comentarios e Consideragdes sobre a Pesquisa:
Ver parecer consubstanciado no 1.088.098, exarado em 31/05/2015.

Consideragdes sobre os Termos de apresentagdo obrigatoria:
Ver parecer consubstanciado no 1.088.096, exarado em 31/05/2015.
Recomendagdes:

N3o se aplica.

Conclusdes ou Pendéncias e Lista de Inadequacdes:
Sobre o TCLE:

Enderego:  Rua Prof. Rodolpho Paulo Rocco N°255 Sala 01046

Balrro: Cwdade Unwersitana CEP: 21041013
UF: RJ Municipio: RO DE JANEIRO
Telefone: (21)3938.2480 Fax: (21)3938-2481 E-mail:  cep@huctt utn) br

Pigralice 03



HOSPITAL UNIVERSITARIO
CLEMENTINO FRAGA FILHO Wﬂl"
((HUCFF/ UFRJ))

Continuacdo do Parecer: 1.130.443

1) No arquivo intitulado TCLE - Termo Consentimento Livre e Esclarecido (responsavel participante da
pesquisa).doc anexado em 24/4/2015, consta o horario errado de funcionamento do CEP (8 as 16 h).
Solicita-se adequacgdo.

Resposta: Foi corrigido o horario de funcionamento do Comité de Etica para o horario de 08:00 as 16:00
horas. Além disso foi corrigido nos termos consentimento e assentimento no projeto detalhado.

Analise: Pendéncia atendida.

2) No arquivo intitulade TCLE - Termo Consentimento Livre e Esclarecido (responsavel participante da
pesquisa).doc anexado em 24/4/2015, O texto é de dificil compreensdo e os termos "alteracdo genética”,
"fluorose dentaria" e "gene", devem ser revistos, a fim de facilitar a compreenséo dos sujeitos. Solicita-se
adequacdo.

Resposta: Os termos alteracdo genética foi removido e colocado transmissao de pais para filhos , Fluorose
dentaria modificada para um defeito de cor e forma do dente devido a ingestao de pasta de dente com fluor
na infancia e a palavra genes foi removido. Essas alteracdes foram realizados nos 1, 2 e 3 paragrafos.
Também foi realizado as modificagdes nos termos de consentimento e assentimento presente no projeto
detalhado.

Analise: Pendéncia atendida.

Termo de Assentimento:

1) No arquivo intitulado Tale Termo de Assentimento.doc anexado em 24/4/2015, no item Pesquisa, o
pesquisador relata que "Durante o atendimento do seu filho....", "Posteriormente seu filho ira responder o
mesmo...", etc. Sugere-se trocar para "Durante o seu atendimento....", "Posteriormente vocé ira responder o
mesmo...", j& que o termo € direcionado para a propria crianga/adolescente. Solicita-se adequacéo.
Resposta: No arquivo intitulado Tale Termo de Assentimento.doc anexado, foi feitos as corre¢des foi
realizadas colocando paciente com primeira pessoa. O texto foi direcionado para crianga / adolescente.
Analise: Pendéncia atendida.

2) No arquivo intitulado Tale Termo de Assentimento.doc anexado em 24/4/2015, consta o horario errado

de funcionamento do CEP (8 as 16 h). Solicita-se adequagao.
Resposta: Foi corrigido o horario de funcionamento do Comité de Etica para o horario de 08:00 as

Enderego: Rua Prof Rodolpho Paulo Rocco N°255 Sala 01D-46

Bairro: Cidade Universitaria CEP: 21941913
UF: RJ Municipio: RIO DE JANEIRO
Telefone: (21)3938-2480 Fax: (21)3938-2481 E-mail: cep@hucff ufrjbr
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HOSPITAL UNIVERSITARIO
CLEMENTINO FRAGA FILHO Wm
((HUCFF/ UFRJ))

Continuacdo do Parecer: 1.130.443

16:00 horas. Além disso foi corrigido nos termos consentimento e assentimento no projeto detalhado.
Analise: Pendéncia atendida.

Situagio do Parecer:

Aprovado

Necessita Apreciagdo da CONEP:

Nao

Consideragdes Finais a critério do CEP:

1. De acordo com o item X.1.3.b, da Resolugdo CNS n.° 466/12, o pesquisador devera apresentar relatérios
semestrais que permitam ao CEP acompanhar o desenvolvimento dos projetos.

2. Eventuais emendas (medificagdes) ao protocolo devem ser apresentadas, com justificativa, ao CEP, de
forma clara e sucinta, identificando a parte do protocolo a ser modificada.

RIO DE JANEIRO, 30 de Junho de 2015

Assinado por:
Carlos Alberto Guimaraes
(Coordenador)
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ANEXO B
PROTOCOLO PARA A EXTRACAO DE DNA

1. Colocar as amostras na incubadora a 50°c por no minimo 1 hora (podendo ficar overnight).

2. Transferir 500uL de saliva para um tubo de micro centrifuga esterelizado de 1.5mL

(Eppendorf). O excedente da amostra congelar a -20°C

3. Adicionado para cada 500uL de saliva 20uL da proteinase Oragene Purifier (OG-L2P) e

deixar no vortex por 5 segundos;

4. Deixar as amostras incubadas no gelo por 10 minutos e em seguida, centrifugar em

temperatura ambiente por 5 minutos a 13,000 RPM (15,000 x g);

5. Trasnferir o sobrenadante para um novo eppendorf, e adicionado 500uL de etanol a 95 -
100%, misturar 10 vezes por inversdo e deixado a temperatura ambiente por 10 minutos para

completar a precipitacdo da molécula de DNA

6. Colocar o tubo na centrifuga por 2 minutos em 13,000rpm e descartar o sobrenadante.

7. Centrifugar por 1 minuto a 13,000 rpm e deixar por 30 minutos com a tampa aberta na

bancada com protecdo de vidro.
8. Adicionar 100 uL de TE (10mm tris-hcl + 1mm edta, ph 8.0) para dissolver o pellet (dna).
9. Deixar no vortex por 5 segundos.

10. Deixar em temperatura ambiente overnight tampado na bancada com protecédo de vidro

no suporte.

11. No dia seguinte estocar no freezer
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9. APENDICE
Apéndice A

Universidade Federal do Rio de Janeiro
Faculdade de Odontologia
Departamento Odontopediatria e Ortodontia

Termo de Consentimento Livre e Esclarecido

TCLE (Autorizagdo do menor para participar da pesquisa)

Titulo da pesquisa: Percepcdo estética das alteraces de opacidade do esmalte dentario

e a sua susceptibilidade genética. * (Percepcéo estética das alteracdes de cor e forma do
dente e a sua probabilidade genética) Prezado Senhor (?): Seu filhoesta sendo convidado
(a) a participar de uma pesquisa sobre percepcao estética dos dentes afetados ou ndo com
hipomineralizacdo molar e incisivo e fluorose dentaria e verifica as possiveis causas.
Objetivo: Existem estudos que mostram que alteracdo genética pode estar relacionada com
defeitos na cor e forma dos dentes. Um desses defeitos é conhecido como fluorose dentaria
e hipomineralizagdo molar incisivo (HMI) (manchamento nos dentes), essas alteragdes sao
irreversiveis. Nosso estudo pretende verificar se algum gene responsavel pela formacdo do
esmalte dentario (dente) poderia aumentar probabilidade afluorose e a hipomineralizacéo
molar incisivo, além disso, observar o nivel de satisfacdo estética das criancas (seus filhos)
e seus responsaveis (pais) com aparéncia dos dentes das criancas.

Pesquisa: O estudo serd realizado na Clinica de Odontopediatria do Departamento de
Ortodontia e Odontopediatria da Faculdade de Odontologia da UFRJ. Durante o atendimento
do seu filho nesta pesquisa, nenhum procedimento (atitudes dos dentistas durante o
atendimento) novo sera realizado, pois todos eles estdo baseados na literatura ja existente,
reconhecido na odontologia. Além dos exames de costume (exame clinico) que sera
realizado apenas no seu filho, sera realizada coleta de saliva (vocé e seu filho irdo cuspir em
um potinho) e preenchimento de um questiondrio com dados sdcios econémicos,
conhecimentos sobre a satide bucal, produtos higiene bucal e sobre o nivel de satisfacdo com
a aparéncia dental de seu filho que sera preenchido por vocé. Posteriormente seu filho ira
responder o mesmo questionario sobre nivel de satisfacdo estética do dente dele (cor e
forma). Para participagdo desse estudo seu filho deverd ter entre 07 a 14 anos com ou/ sem

fluorose e hipomineralizacdo molar incisivo.
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Toda a documentacdo (ficha clinica da crianca e os respectivos questiondrios) seré analisada
e fard parte de uma ficha clinica da crianca, sendo futuramente arquivada no Departamento
Ortodontia e Odontopediatria. A saliva coletada (seu cuspe e do seu filho que foi obtido e
colocado no potinho para guarda-1o) apés a anélise sera jogada fora.

Riscos: Os riscos envolvidos na pesquisa sdo todos aqueles relacionados a obtencdo dos
dados, tais como desconfortos durante a entrevista ou durante as avaliagbes e exames
clinicos do paciente da crianca (desconforto pela luz do equipamento, pela manipulacao da
boca e suas partes, desconforto devido ao uso de jato de dgua e ar, desconforto com o uso do
instrumental (espelho e sonda) e o constrangimento de cuspir em um recipiente

Beneficios: Um melhor entendimento dos fatores que podem estar relacionados com as
alteracdes de cor e forma do dente (fluorose e hipomineralizacdo molar e incisivo). Vocé e
seu filho irdo receber instrucGes sobre higiene oral. O paciente (seu filho) sera submetido a
aplicacdo de fluor.Aqueles pacientes (criancas (seu filho) que apresentar necessidade de
tratamento odontoldgico) serdo encaminhados para clinica de odontopediatria da Faculdade
de Odontologia/UFRJ. Este é um projeto de pesquisa e ndo uma forma de tratamento.
Garantia de acesso aos pesquisadores: Em qualquer fase do estudo vocé tera pleno acesso
a pesquisadora responsavel, Fernanda Mafei Felix da Silva pelos telefones (21)981712812
ou (21)37382098, (21)39382101, ou no endereco Rua Rodolpho Paulo Rocco 325 1 andar
departamento de Ortodontia e Odontopediatria Faculdade de Odontologia, Cidade
Universitaria, Rio de Janeiro.

Garantia de liberdade: Vocé e seu filho ndo sdo obrigados(as) a participar deste projeto e
este consentimento pode ser retirado a qualquer momento, sem penalidade. Assim, se quiser
desistir, basta comunicar a pesquisadora e, entdo, vocé e seu filhocontinuardo tendo as
instrucdes de higiene oral e em caso do seu filho (crianca) precisar de tratamento ou estiver
em tratamento, terd continuidade.

Direito de confidencialidade e acessibilidade: As informacdes obtidas durante a pesquisa
serdo apenas utilizadas por membros da equipe do projeto, mantendo-se em carater
confidencial e de total sigilo. Os dados obtidos serdo utilizados apenas para elaborar artigos
cientificos. Cada participante somente podera ter acesso aos proprios resultados.

Despesas e compensacdes: Todos 0s procedimentos serdo gratuitos, sem nenhum custo ao
paciente. As despesas, assim por ventura ocorrer, serdo de responsabilidade do pesquisador
da pesquisa. Também ndo havera compensacdo financeira relacionada a sua

participacdo.Duvidas e questionamentos: A qualquer momento vocé podera requerer mais
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informagdes da pesquisa. Em casos de ddvidas entre em contato com responsavel da
pesquisa Dra. Fernanda Mafei Felix da Silva, pelo telefone (21) 39382098, (21) 981712812
ou no endereco Rua Rodolpho Paulo Rocco, 255 1 andar departamento de Odontopediatria
- cidade Universitaria Faculdade de Odontologia- Rio de Janeiro. Diante de qualquer davida
a respeito dos direitos e deveres como participante da pesquisa ou caso tenha alguma
dificuldade em entrar em contato com o pesquisador ou sobre a ética da pesquisa 0
participante pode entrar em contato com Comité de Etica e Pesquisa (CEP) do Hospital
Universitario Clementino Fraga Filho /HUCFF/UFRJ, pelo telefone (21) 39382480, Fax (21)
39382481 pelo e-mail CEP@hucff.ufrj.br ,ou endereco Rua Professor Rodolpho Paulo
Rocco , 255 1 andar Cidade Universitaria- l1lha do Funddo , Rio de Janeiro / RJ, horério de

funcionamento de segunda a sexta , das 8h as 15h. Informamos que este termo de
consentimento livre e esclarecido deve ser redigido e assinado pelo participante da pesquisa
e representante legal da crianga/adolescentes, pelo pesquisador responsavel da pesquisa. Um
registro de sua participacdo nesta pesquisa serd mantido, mas de forma confidencial, através
do uso de codigos numeéricos e arquivos fechados. Todos os resultados serdo publicados em
literatura cientifica especializada.

Consentimento

Eu,
acredito ter sido suficientemente informado a respeito das informacdes sobre o estudo acima

citado que li ou que foram lidas para mim. Ficaram claros para mim quais Sao 0s propositos
do estudo, os procedimentos a serem realizados, seus desconfortos e riscos, as garantias de
confidencialidade e de esclarecimentos permanentes. Ficou claro também que a minha
participacdo é isenta de despesas. Concordo voluntariamente em participar deste estudo,
autorizo e estou ciente de que poderei retirar o meu consentimento a qualquer momento, sem
penalidades ou prejuizos. Eu receberei uma copia desse Termo de Consentimento Livre e
Esclarecido (TCLE) e a outra ficara com o pesquisador responsavel por essa pesquisa. Além
disso, estou ciente de que eu e 0 pesquisador responsavel deveremos rubricar todas as folhas
desse TCLE e assinar na tltima folha.

Rio de Janeiro, [

Nome
Assinatura do participante

Assinatura do pesquisador


mailto:CEP@hucff.ufrj.br
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Apéndice B

Universidade Federal do Rio de Janeiro

Faculdade de Odontologia

Departamento Odontopediatria e Ortodontia

Termo de Assentimento

TALE (Consentimento do menor)

Titulo da pesquisa: Percepcao estética das alteragBes de opacidade do esmalte dentario

e a sua susceptibilidade genética. " (Percepcao estética das alteracdes de cor e forma do
dente e a sua probabilidade genética). Vocé (?) esta sendo convidado (a) a participar de
uma pesquisa sobre percepcao estética dos dentes afetados ou ndo com hipomineralizacdo
molar - incisivo e fluorose dentaria e verifica as possiveis causas.

Objetivo: Existem estudos que mostram que alteracao genética pode estar relacionada com
defeitos na cor e forma dos dentes. Um desses defeitos é conhecido como fluorose dentaria
e hipomineralizacdo molar incisivo (HMI) (manchamento nos dentes), essas alteracdes sao
irreversiveis. Nosso estudo pretende verificar se algum gene responsavel pela formacdo do
esmalte dentario (dente) poderia aumentar probabilidade afluorose e hipomineralizacdo
molar incisivo, além disso observar o nivel de satisfacdo estética das criancas (seus filhos) e
seus responsaveis (pais) com aparéncia dos dentes das criancas.

Pesquisa: O estudo sera realizado na Clinica de Odontopediatria do Departamento de
Ortodontia e Odontopediatria da Faculdade de Odontologia da UFRJ. Durante o seu
atendimento nesta pesquisa, nenhum procedimento (atitudes dos dentistas durante o
atendimento) novo sera realizado, pois todos eles estdo baseados na literatura ja existente,
reconhecido na odontologia. Além dos exames de costume (exame clinico), sera realizada
coleta de saliva (vocé e seu pai/ mée irdo cuspir em um potinho) e preenchimento de um
questionario com dados socios econémicos, conhecimentos sobre a sadde bucal, produtos
higiene bucal e sobre o nivel de satisfacdo com a aparéncia dental de seu filho que serd
preenchido por vocé. Posteriormente, seu filho ird responder o mesmo questionario sobre
nivel de satisfacdo estética do dente dele (cor e forma). Para participacdo desse estudo seu

filho devera ter entre 07 a 14 anos com ou/ sem fluorose e hipomineralizagcdo molar incisivo.
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Toda a documentacdo (ficha clinica da crianca e questionarios seu e dos seus filhos) sera
analisada e fard parte de uma ficha clinica da crianga, sendo futuramente arquivada no
Departamento Ortodontia e Odontopediatria. Menos a saliva coletada (seu cuspe e do seu
filho que foi obtido e colocado no potinho para guardar o cuspe) apods a analise sera jogada
fora.Riscos: Os riscos envolvidos na pesquisa sao todos aqueles relacionados a obtenc¢éo dos
dados, tais como desconfortos durante a entrevista ou durante as avaliagbes e exames
clinicos do paciente da crianca (desconforto pela luz do equipamento, pela manipulacao da
boca e suas partes, desconforto devido ao uso de jato de dgua e ar, desconforto com o uso do
instrumental (espelho e sonda) e o constrangimento de cuspir em um recipiente

Beneficios: Um melhor entendimento dos fatores que podem estar relacionados com as
alteracdes de cor e forma do dente (fluorose e hipomineralizacdo molar e incisivo). Vocé e
seu responsavel irdo receber instrucdes sobre higiene oral. O paciente (seu filho) sera
submetido a aplicacdo de fldor.Aqueles pacientes (criancas (seu filho) que apresentarem
necessidade de tratamento odontoldgico) serdo encaminhados para clinica de
odontopediatria da Faculdade de Odontologia/UFRJ. Este é um projeto de pesquisa e ndo
uma forma de tratamento.

Garantia de acesso aos pesquisadores: Em qualquer fase do estudo vocé tera pleno acesso
a pesquisadora responsavel, Fernanda Mafei Felix da Silva pelos telefones (21)981712812
ou (21)37382098, (21) 39382101, ou no endereco Rua Rodolpho Paulo Rocco 325 1 andar
departamento de Ortodontia e odontopediatria Faculdade de Odontologia, Cidade
Universitaria, Rio de Janeiro.

Garantia de liberdade: Vocé e seu filho ndo sdo obrigados (a) a participar deste projeto e
este consentimento pode ser retirado a qualquer momento, sem penalidade. Assim, se quiser
desistir, basta comunicar a pesquisadora e vocé e seu filho continuardorecebendo as
instrucdes de higiene oral e em caso do seu filho (crianca) precisar de tratamento ou estiver
em tratamento, tera continuidade. Direito de confidencialidade e acessibilidade: As
informacdes obtidas durante a pesquisa serdo apenas utilizadas por membros da equipe do
projeto, mantendo-se em carater confidencial e de total sigilo. Os dados obtidos serdo
utilizados apenas para elaborar artigos cientificos. Cada participante somente podera ter
acesso aos proprios resultados.Despesas e compensacdes: Todos os procedimentos serdo
gratuitos, sem nenhum custo ao paciente. As despesas, assim por ventura ocorrer, serdo de
responsabilidade do pesquisador da pesquisa. Também ndo havera compensagéo financeira

relacionada a sua participagéo.
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Duvidas e questionamentos: A qualquer momento vocé podera requerer mais informacgdes
da pesquisa. Em casos de duvidas entre em contato com responsavel da pesquisa Dra.
Fernanda Mafei Felix da Silva, pelo telefone (21) 39382098, (21) 981712812 ou no endereco
Rua Rodolpho Paulo Rocco, 255 1 andar departamento de odontopediatria - cidade
Universitaria Faculdade de Odontologia- Rio de Janeiro. Diante de qualquer divida a
respeito dos direitos e deveres como participante da pesquisa ou caso tenha alguma
dificuldade em entrar em contato com o pesquisador ou sobre a ética da pesquisa, 0
participante pode entrar em contato com Comité de Etica e Pesquisa (CEP) do Hospital
Universitario Clementino Fraga Filho /HUCFF/UFRJ, pelo telefone (21) 39382480, Fax (21)
39382481 pelo e-mail CEP@hucff.ufrj.br ,ou endereco Rua Professor Rodolpho Paulo

Rocco , 255 1 andar Cidade Universitaria- Ilha do Funddo , Rio de Janeiro/RJ, horéario de

funcionamento de segunda a sexta, das 8h as 15h. Informamos que este termo de
consentimento livre e esclarecido deve ser redigido e assinado pelo participante, pelo
representante legal da crianca/adolescente e pelo pesquisador responséavel da pesquisa. Um
registro da participacdo da crianga/adolescentenesta pesquisa serd mantido, mas de forma
confidencial, através do uso de cddigos numéricos e arquivos fechados. Todos os resultados
serdo publicados em literatura cientifica especializada

Consentimento

Eu, acredito ter sido

suficientemente informado a respeito das informacdes sobre o estudo acima citado que li ou
que foram lidas para mim. Ficaram claros para mim quais sdo os propositos do estudo, os
procedimentos a serem realizados, seus desconfortos e riscos, as garantias de
confidencialidade e de esclarecimentos permanentes. Ficou claro também que a minha
participacdo é isenta de despesas. Concordo voluntariamente em participar deste estudo,
autorizo e estou ciente de que poderei retirar o meu consentimento a qualquer momento, sem
penalidades ou prejuizos. Eu receberei uma copia desse Termo de Consentimento Livre e
Esclarecido (TCLE) e a outra ficard com o pesquisador responsavel por essa pesquisa. Alem
disso, estou ciente de que eu e o pesquisador responsavel deveremos rubricar todas as folhas
desse TCLE e assinar na tltima folha.

Rio de Janeiro, / /
Assinatura do participante

Assinatura do Pesquisador


mailto:CEP@hucff.ufrj.br
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Apéndice C
Ficha de anamnese

Faculdade Federal do Rio de Janeiro

Faculdade de Odontologia

Departamento Odontopediatriae Ortodontia

Prontuério N°:

Nome do paciente:

Endereco: Bairro:

Cidade: Estado:  CEP:

Telefone (contato): Telefone celular

Data de nascimento: Etnia branco ( ) Pardo ( ) Negro ( )
Nome do pai: Idade: __ Profissdo

Nome da mée: Idade: _ Profisséo:

HISTORIA MEDICA
1) O paciente é portador de alguma sindrome? ( ) Sim () Nédo

Sim, qual?

2) Apresentou alguma alteracéo durante a gravidez? () Sim ( ) Nao Qual?

3) Fez uso de alguma medicacdo ( ) Sim () Néo

4) Alguma intercorréncia durante o parto? ( ) Sim ( ) Ndo Qual?
5) Seu filho ja foi hospitalizado? ( ) Sim ( ) Néo
Por qué? Quando?

6) Seu filho é prematuro? ( ) Sim () Ndo Quando tempo na incubadora?

7) Utilizou algum medicamento durante a primeira infancia diariamente? ( ) Sim ( ) Néo.
Qual?
8) Possui alguma das desordens abaixo?
Diabetes Sim ( ) N&o ( ) Alergia Sim () Nao () Insuficiéncia hepatica Sim ( ) Nao ( )

Cardiopatia Sim ( ) Né&o ( ) Epilepsia Sim ( ) Nao ( ) Febre reumatica Sim ( ) Néo ( )
Insuficiéncia renal Sim () N&o ( ) Cancer Sim () Nao () Asma/Bronquite Sim () N&o

0




ANEXO
Ficha de

D

exame Clinico

Identificacéo do paciente
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Nome:
Telefone:
Sexo:
55 564 53 52 51 61 62 63 64 65
18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28
Diag
Diag
48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38
85 84 83 8 81 71 72 73 74 75
Condicéo Dental Permanente e Deciduo
0= higido 1= cariado

2= restaurado com carie
4= perdido por cérie

6= selante

8=erupcionado

3= restaurado sem carie

5= perdido por outra razes

9= Trauma

10= Apinhamento anterior

Ficha para Diagnostico Hipomineralizagcdo Molar Incisivo (HMI)

18 17 16 15 14 13 12 11

21 22 23 24 25 26 27 28

Diag

Diag

48 47 46 45 44 43 42 41

Classificacdo nivel gravidade

31 32 33 34 35 36 37 38

Leve = L; sem fratura de esmalte, opacidades demarcadas (branca ao amarelo)

Grave= G; com fratura de esmalte, presenca de restauragéo, necessidade de tratamento




