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RESUMO

Objetivo: Investigar a associa¢ao de polimorfismos genéticos do tipo tagSNPs do
gene Osteoprotegerina (OPG) com a perda de mini-implantes ortodonticos.
Materiais e métodos: A amostra foi constituida por 135 pacientes de ambos os
sexos, com meédia de idade de 48,7+10 (20 a 76 anos). O grupo controle foi
composto por 104 pacientes, sem nenhum mini-implante perdido e em fung&o por
pelo menos 6 meses e 0 grupo caso, por 31 pacientes com pelo menos 1 mini-
implante perdido. As células foram obtidas através de bochecho com solucédo de
glicose a 3% durante 1 minuto e raspagem da mucosa bucal com espatula
esterilizada. O DNA foi extraido a partir de células epiteliais bucais e acetato de
amonio a 10 M e EDTA 1 mM e a analise dos polimorfismos do gene OPG,
realizada pela técnica da PCR em Tempo Real. Analises univariada e multivariada
foram efetuadas (p<0,05). Resultados: Considerando os polimorfismos do gene
OPG, o alelo T do rs11573938 (modelo dominante para o alelo T; CC vs CT+TT),
mostrou-se associado com a perda mini-implantes (p=0,049). Apos a andlise
multivariada, a varidvel que se manteve associada foi a quantidade de mini-
implantes instalados. Concluséo: Apenas o numero de mini-implantes instalados
associou-se a perda de mini-implantes ortoddnticos apos a analise multivariada.
Os resultados aqui apresentados fortalecem o conceito de interag&o entre aspectos
clinicos e genéticos, que juntos aumentam o risco na modulacdo da suscetibilidade

a doencas complexas.

Palavras-chave: polimorfismos genéticos, OPG, mini-implante, perda de mini-implantes




INTRODUCAO
Ancoragem OrtodoOntica

Ancoragem ortodbntica pode ser definida como a resisténcia aos
movimentos dentarios indesejados.>? Sendo assim, ter um bom controle de
ancoragem, € essencial para o sucesso do tratamento ortoddntico.?3 Contudo,
garantir essa ancoragem adequada, é muitas vezes, um desafio na Ortodontia
Ortopedia Dentofacial.*

Ao longo do século XX, o aparelho extrabucal foi apontado como sendo o
‘padrdo ouro” para o reforco de ancoragem, no entanto, é frequentemente
associado com problemas de cooperagao por parte dos pacientes. Dessa forma,
consequentemente, ocorre perda de ancoragem.® Por esses motivos, a crescente
busca por minima colaboracdo e, ao mesmo tempo, efeitos corretivos maximos,
fizeram dos dispositivos de ancoragem temporaria (DATs), uma excelente
alternativa para a tradicional ancoragem ortodontica,® pois tornaram a mecéanica
mais simples e eficaz que as técnicas convencionais.’

Nos ultimos anos, os mini-implantes (MIs) ganharam enorme popularidade
no meio ortodontico® e tornaram-se um método confidvel para fornecer ancoragem
ortoddntica temporaria.® Seu uso possibilita que o movimento seja realizado sem
efeito colateral nos outros dentes,'® além de ser um mecanismo geralmente bem
aceito pelos pacientes,'*'? devido a sua simplicidade na instalagdo e remocéo,
baixo custo, e possibilidade de carga imediata apds a instalacéo,® podendo ser
utilizados em vérios locais devido a seu tamanho reduzido, além de ser um
procedimento minimamente traumatico.?

A média de sucesso dos Mls é relatada como sendo de aproximadamente
84%.* Seu sucesso depende de alguns fatores, como tipo, diametro e
comprimento do mini-implante (MI),! mecanica ortodontica, habilidade do cirurgido-
dentista,’1° espessura do osso do hospedeiro,! higiene bucal,’'® presenca de
inflamacédo dos tecidos moles circundantes ao MI%>10 e fatores genéticos.? Além
disso, também pode ser necessario algum grau de osseointegracdo® e para que
iISSO ocorra, uma cicatrizagdo primaria em torno da superficie MI-osso deve

ocorrer.® Essa estabilidade primaria, envolve o contato direto entre o mini-implante



€ 0 0SSO e € um sinal importante para uma insercao bem-sucedida, pois 0s casos

de falha, ocorrem durante os estagios iniciais apés tal procedimento.6

Sistema RANK/RANKL/OPG

O osso € um tecido dinamico, que constantemente passa por um processo
de renovacao e reparo, denominado de remodelacdo 0ssea. Esse, € um processo
fisiolégico essencial no tecido dsseo em humanos saudaveis,'’ que envolve a
reabsorcdo Ossea pelos osteoclastos e a sintese da matriz 6ssea pelos
osteoblastos.'®

O eixo RANK (receptor ativador do fator nuclear kappa beta), RANKL
(receptor ativador ligante do fator nuclear kappa beta) e OPG (osteoprotegerina),
esta envolvido na remodelacdo 6ssea e regula a diferenciacdo e ativacdo dos
osteoclastos. Portanto, existe um equilibrio crucial entre a formacdo Ossea e a
reabsorcdo Ossea.l® A vista disso, esse sistema tem sido descrito como um
regulador central do metabolismo 6sseo.?°

O RANKL mostrou ligar-se ao seu receptor RANK, em células da familia dos
osteoclastos para induzir a osteoclastogénese. A molécula RANKL, bloqueada pelo
receptor solivel OPG, foi identificada como mediadora chave da
osteoclastogénese, tanto ligada a membrana de células pré-osteoblasticas e
células do estroma, como na forma sollvel.?° Portanto, a OPG atua como um
receptor chamariz, regulando essa interacdo e concorrendo com o RANK,
impedindo as interacdes RANK-RANKL.?! Dessa forma, os efeitos catabdlicos do
RANKL s&o minimizados pela OPG, que se liga ao RANKL, evitando a ativagao do
receptor RANK?? e, consequentemente, reduzindo a reabsor¢do dssea.??

Reconhecida pela primeira vez em 1977, a OPG foi a primeira molécula
identificada no eixo RANK/RANKL/OPG.24 E uma citocina, pertencente a familia do
receptor do fator de necrose tumoral 11B (TNFRSF11B)°21.23 e foi denominada de
OPG, devido ao seu efeito mais bem caracterizado: protecdo 6ssea.?%2

A OPG é expressa em multiplos 6rgdos e células, incluindo coracgéo,
pulméo, estdbmago, figado, rim, bago, intestino, pele, timo, nddulos linfaticos,

medula o6ssea, osteoblastos, células musculares lisas vasculares, células



dendriticas, linfocitos B, condrdcitos articulares, glandula tireoide, medula espinhal

e cérebro.?

O gene OPG

A OPG é codificada por um gene (OPG), que esta localizado no braco longo
do cromossomo 8, na posicado 24 (8724)2%27 e é formada por cinco éxons,?128 além
de abranger 29 kb do genoma humano.?® No seu aspecto bioquimico, é uma
glicoproteina sollvel, sintetizada a partir de 401 aminoacidos,?>?° com massa
molecular de 60 kDa.?!

Polimorfismos de nucleotideo Unico (SNPs) sdo as formas mais comuns de
variacéo do DNA,3° podendo ser encontrados tanto em regides codificadoras como
em ndo codificadoras no gene, ou entre os genes.3! Representam a substituicéo
de um dnico nucleotideo, por exemplo, uma adenina (A), substituida por uma das
outras trés bases nitrogenadas: timina (T), citosina (C) ou guanina (G),** gerando
alelos comuns na populagéo.®3

SNPs sdo marcadores de escolha na andlise genética,! pois podem conferir
suscetibilidade ou modulacdo protetora contra doencas complexas,3* podendo
afetar a quantidade ou funcéo de proteinas expressas.® Assim, investigar SNPs
no genoma humano, pode proporcionar avangos em novos alvos terapéuticos.3!

E de extrema importancia a determinacdo dos fatores sistémicos diretos e
indiretos que ocasionam a resposta do hospedeiro, para se identificar grupos de
risco ao desenvolvimento de respostas patoldgicas indesejaveis. Assim, a procura
de marcadores genéticos que possibilitem identificar individuos mais propensos a
perda de Mls, é fundamental para prevenir a instalagdo do processo destrutivo.

Nos ultimos anos, muitos fatores clinicos relacionados ao sucesso de Mis
foram estudados amplamente. Contudo, até o0 momento, existe apenas um estudo
investigando a associacéo de perda de MIs com fatores genéticos, no qual o gene

candidato investigado foi o gene IL-6.2



OBJETIVOS
Objetivo Geral

O objetivo deste estudo foi investigar a associacdo de polimorfismos no
gene OPG com a suscetibilidade a perda de mini-implantes para ancoragem

ortodontica em uma amostra de pacientes da cidade de Curitiba-PR/Brasil.

Objetivos Especificos

a) Analisar a associacdo dos tagSNPS do gene OPG com a perda de mini-
implantes.

b) Definir os bins (blocos de alto desequilibrio de ligacdo) do gene OPG.



MATERIAIS E METODOS
Populacéo de Estudo

Este estudo transversal € baseado em populacdes caso-controle. Foram
analisados 487 prontuarios da Faculdade Latino Americano de Pesquisa e Ensino
Odontolégico (ILAPEO), localizado em Curitiba, Parana, entre 2004 a 2010.
Destes, 148 pacientes foram incluidos no estudo por terem sido tratados com mini-
implantes ortodénticos (NEODENT® Implante Osseointegravel). Oito pacientes
foram excluidos por apresentarem sifilis, gravidez ou lactagdo e cinco se
recusaram a participar. Dessa forma, o estudo foi elaborado com um grupo de 135
pacientes de ambos os sexos, com faixa etaria entre 20 e 76 anos (média de idade
de 48,7+10). O grupo controle, foi composto por 104 pacientes sem nenhum M
perdido em funcdo por pelo menos 6 meses, e 0 grupo caso, constituiu-se de 31
pacientes, que apresentaram pelo menos 1 Ml perdido.

Todos o0s pacientes assinaram um termo de consentimento livre e
esclarecido. O numero de Mls instalados e perdidos foi verificado na ficha clinica
dos pacientes. O projeto foi aprovado pelo Comité de Etica em Pesquisa da
PUCPR, protocolo 5693/10.

Coleta e Purificagcdo do DNA

Células foram obtidas por meio de um bochecho com solucéo de glicose 3%
durante 1 minuto e raspagem da mucosa jugal com espéatula de madeira
esterilizada.®® Apds isso, a ponta da espatula foi agitada dentro da solucédo de
bochecho. As células epiteliais orais foram sedimentadas por centrifugacéo a 2.000
rom durante 10 minutos. O sobrenadante foi descartado e o pellet de células
ressuspenso em 1.300 pl de tampéo de extracédo [10 mM de Tris-HCI (pH 7,8), 5
mM de EDTA, 0,5% de SDS]. Foram adicionados a solucéo 10 ul de proteinase K
(20 mg/ml), deixada durante a noite a 65°C. O DNA foi purificado por adi¢cdo de
acetato de aménio 10 M, precipitado com isopropanol e ressuspenso com 50 pul de
solucéo de extracdo [Tris 10 mM (pH 7,6) e EDTA 1 mM].%6



Analise dos tagSNPs do gene OPG

SNPs proximos, frequentemente estdo correlacionados em termos de
desequilibrio de ligacéo (DL). Quando esses SNPs estdo em forte DL, eles podem
capturar a informacéo de outros SNPs do mesmo bloco (ou bin) e sdo chamados
tagSNPs. A estratégia de genotipar tagSNPs tem como propdsito encontrar
informacg&o de um gene inteiro, reduzindo os custos e o tempo. Genotipar tagSNPs
exclui a necessidade de genotipar todos os SNPs de um determinado gene. Assim,
tagSNPs do gene OPG foram selecionados de acordo com informacdes

disponiveis no International HapMap Project, release 24 (www.hapmap.org).

Todos os 12 marcadores selecionados apresentaram frequéncia alélica
minima (FAM) de 0,05 na populacdo CEU (descendentes do Norte e Oeste da
Europa). O parametro de corte para definir o DL entre dois marcadores foi um
logaritmo multimarcador de r?>0,8, considerado um alto nivel de DL. Seguindo
esses critérios, os seguintes tagSNPs foram selecionados:

OPG: rs11573938, rs3102724, rs11573884, rs2875845, rs1032128,
rs3134057, rs1485289, rs3134060, rs3102728, rs11573856, rs7010267,
rs11573901.

Pacientes foram genotipados para os tagSNPs pela Técnica de Reacdo em
Cadeia da Polimerase (PCR) em Tempo Real (Applied Biosystems 7500 Real Time
PCR System; Applied Biosystems, Foster City, CA, USA), com o uso da tecnologia
TagMan™ Genotyping Max Mister (Applied Biosystems). Foi utilizado o controle
negativo em todas as genotipagens realizadas.

Trés polimorfismos tagSNPs nédo foram amplificados, possivelmente por
desenho inapropriado dos primers, sendo 0s rs11573856, rs7010267 e rs11573901

desconsiderados da analise.

Andlise Estatistica

As analises estatisticas foram realizadas no programa SPSS, verséao 20.0,
e o equilibrio de Hardy-Weinberg e o mapa de desequilibrio de ligacdo entre os
SNPs, obtidos no Haploview 4.1.

Variaveis nominais foram expressas como frequéncia e porcentagem. Os

testes qui-quadrado de Pearson e teste exato de Fisher foram utilizados para testar


http://www.hapmap.org/

diferencas entre os grupos para variaveis categoéricas. Os seguintes modelos
genéticos foram analisados: dominante e recessivo, avaliados pelo teste qui-
quadrado de Pearson ou teste exato de Fisher. O modelo aditivo, avaliado por
regressao logistica binéria.

Para a andlise multivariada, o modelo de regressao logistica binaria foi
utilizado, incluindo variaveis independentes que obtiveram valores de p<0,20 na
andlise univariada. Resultados com valor de p<0,05 foram considerados
estatisticamente significantes.

As estimativas de risco foram acessadas por calculo de Odds ratio (OR) com

intervalo de confianca (IC) de 95%.



RESULTADOS
Parametros Clinicos e Sociodemograficos

A taxa de sucesso dos mini-implantes ortoddnticos foi de 87,5%.

Os resultados relativos as variaveis clinicas e sociodemograficas da amostra
do presente estudo foram publicados por Reichow et al.,” e estdo resumidos nas

tabelas | e Il.

Tabela I. Resultados da analise univariada, considerando as variaveis clinicas e

sociodemogréficas para 0s grupos controle e caso (n=135).

Grupo Controle Grupo Caso

Dados dos pacientes Valor de p OR (IC 95%)

n=104 % n=31 %
Género
Masculino 29 27,9 7 22,6 0,648* 1,33 (0,52 - 3,41)
Feminino 75 72,1 24 77,4
Idade 48,69 + 10,31 48,77 +9,11 0,968
Habitos de Fumo 26 25,0 12 38,7 0,172* 1,89 (0,81-4,42)
Habitos de Higiene
Escovacgéo diaria mais de 3 vezes 90 86,5 24 774 0,260* 0,53 (0,19 -1,47)
Uso de fio dental 97 933 28 90,3 0,696* 0,67 (0,16 - 2,78)
Enxaguatério bucal 98 94,2 30 96,8 1,000 1,84 (0,21-15,87)
CPOD
Até 10 8 7,7 2 6,5 1,000* 1,21 (0,24 - 6,01)
Mais que 10 96 92,3 29 93,5
CPITN
zero 66 635 17 54,8 0,407* 1,43 (0,63 - 3,22)
1,2e3 38 365 14 45,2
Numero de mini-implantes instalados por paciente
Até 1 27 26,0 0 00 0,001*
Mais que 1 77 74,0 31 100,0

*Teste Exato de Fischer

Teste T de Student
CPOD, Dentes cariados, perdidos e obturados
CPITN, indice comunitario de necessidade de tratamento periodontal

Fonte: Reichow A, Melo A, de Souza C, Castilhos B, Olandoski M, Alvim-Pereira C
et al. Outcome of orthodontic mini-implant loss in relation to interleukin 6
polymorphisms. Int J Oral Maxillofac Surg 2016;45:649-657.
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Tabela Il. Resultados da analise univariada, considerando as variaveis dos mini-

implantes ortodénticos (n=311).

Grupo Controle  Grupo Caso

Dados MI n=072 % n=39 % Valordep  OR (IC 95%)
Local de instalagéo 269 98,90 39 100,00

Maxila 151 91,52 14 8,48 0,025 2,29 (1,14 - 4,49)
Mandibula 118 82,52 25 17,48

Posicao de instalagao 269 98,90 39 100,00

Vestibular 196 87,11 29 12,89

Lingual 42 89,36 5 10,64 0,890*
Crista alveolar 31 86,11 5 14,89

Diametro (mm)® 272 100,00 39 100,00

13 36 85,71 6 14,29 0,802**
1,6/2,0 236 87,73 33 12,27
Comprimento (mm)*® 272 100,00 39 100,00

5 9 90,00 1 10,00

7 145 86,83 22 13,17 0,948*
9 82 87,23 12 12,77

11 36 90,00 4 10,00

Tipo de cinta® 272 100,00 39 100,00

CB (cinta baixa) 116 89,92 13 10,08

CM (cinta média) 125 85,62 21 14,38 0,542*
CA (cinta alta) 31 86,11 5 13,89

Tipo de ancoragem 220 80,88 31 79,49

Direta 177 88,50 23 11,50 0,474**
Indireta 43 84,31 8 15,69

Tipo de movimento 233 85,66 35 89,74

Intrus&o 123 90,44 13 9,56
Verticalizacéo 54 79,41 14 20,59 0,109*
Mesializagdo 17 80,95 4 19,05
Distalizagdo 39 90,70 4 9,30

*Teste Qui-quadrado de Pearson
**Teste exato de Fischer

SDpiametro de 1,6mm foi usado em 85% dos casos, 1,3mm em 13,50% e 2,0mm em 0,64%

EComprimento de 5mm foi usado em 2,89% dos casos, 7mm em 53,70%, 9mm em 30,23% e 11mm
em11,57%

Fonte: Reichow A, Melo A, de Souza C, Castilhos B, Olandoski M, Alvim-Pereira C
et al. Outcome of orthodontic mini-implant loss in relation to interleukin 6
polymorphisms. Int J Oral Maxillofac Surg 2016;45:649-657.
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Analise de Polimorfismos no Gene OPG

A distribuicdo de gendtipos do gene OPG apresentou-se em equilibrio de
Hardy-Weinberg no grupo controle. Os tagSNPs rs102724 e rs3134057 estdo em
alto DL (r’=89%). O mapeamento fisico completo de DL do gene OPG para a

populacao estudada pode ser verificado na figura 1.

.

rs3134087
rs1485289
rs3134060 -
rs3102728

rs11573933
rg3102724
rg11573284
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)
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249 0 249

Figura 1. Mapa de desequilibrio de ligacdo (DL) dos tagSNPs selecionados do
gene OPG na populacdo estudada. O numero dentro dos quadrados indica a
proporcao em % de DL. A intensidade da cor dentro dos quadrados reflete o grau
de DL entre dois loci: a intensidade mais escura representa maior grau de DL entre
0s SNPs.

O alelo T do rs11573938 (modelo dominante para o alelo T; CC vs CT+TT),
mostrou-se associado com a perda de mini-implantes ortoddnticos (p=0,049),
(Tabela Ill). O restante dos tagSNPs (rs3102724, rs11573884, rs2875845,
rs1032128, rs3134057, rs1485289, rs3134060, rs3102728, rs11573856,
rs7010267, rs11573901) ndo apresentou associacdo com a perda de MIs, nem no
sentido de suscetibilidade (predisposi¢cao) nem no sentido de protecdo em nenhum
dos modelos genéticos estudados (Tabelas Il e 1V).
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Tabela Ill. Resultados da anélise univariada dos tagSNPs do gene OPG para os

modelos dominante e recessivo para 0s grupos controle e caso (n=135).

TagSNPS

dbSNP ID? Alleles 1/2%  Grupos Geno6tipos Geno6tipos Valordep OR (IC 95%)
GG + AG AA
Controle n (%) 90 (87,4) 13(12,6) 0,190** 0,239 (0,030 - 1,904)
rs1032128 - Dom G [GIA] Cason (%) 29 (96,7) 1(3.3)
n=133
AG + AA GG
Controle n (%) 51 (49,5) 52 (50,5) 0,214* 1,694 (0,734 - 3,912)
rs1032128 - Rec G [GIA] Cason(%) 11(36,7) 19 (63,3)
n=133
GG+ AG AA
Controle n (%) 67 (69,8) 29 (30,2) 0,145* 0,462 (0,161 - 1,326)
rs1485289 - Dom G [GIA] Cason(%) 25(83,3) 5(16,7)
n=126
AG + AA GG
Controle n (%) 70 (72,9) 26 (27,1) 0,756* 1,154 (0,468 - 2,842)
rs1485289 - Rec G [GIA] Cason (%) 21(70,0) 9 (30,0)
n=126
AA + AG GG
Controle n (%) 102 (98,1)  2(1,9) 0,536** 1,759 (0,154 - 20,089)
rs 2875845 - Dom A [A/IG] Cason (%) 29(96,7) 1(3,3)
n=134
AG + GG AA
Controle n (%) 26 (25,0) 78 (75,0) 0,571* 1,333 (0,491 - 3,619)
rs 2875845 - Rec A [AIG] Caso n (%) 6 (20,0) 24 (80,0)
n=134
TT+CT CC
Controle n (%) 94 (98,9) 1(1,1) 1,000%* -
rs 3102728 - Dom T [T/C] Cason (%) 24(100,0) 0(0,0)
n=135
CT+CC T
Controle n (%) 19 (20,0) 76 (80,0) 0,560** 1,750 (0,472 - 6,486)
rs 3102728 - Rec T [T/C] Caso n (%) 3(12,5) 21 (87,5)
n=135
AA + AG GG
Controle n (%) 91 (88,3) 12 (11,7) 1.000** 0,813 (0,214 - 3,85)
rs 3134057 - Dom A [A/G] Cason (%) 28(90,3) 3(9,7)
n=134
AG + GG AA
Controle n (%) 57 (55,3) 46 (44,7) 0,961* 1,020 (0,455 - 2,287)
rs 3134057 - Rec A [A/G] Cason (%) 17 (54,8) 14 (45,2)
n=134
AA + AG GG
Controle n (%) 100 (99,0) 1(1,0) 1,000** -
rs 3134060 - Dom A [A/G] Cason(%) 30(100,0) 0(0,0)
n=131
AG + GG AA
Controle n (%) 25 (24,8) 76 (75,2) 0,591* 1,316 (0,483 - 3,585)
rs 3134060 - Rec A [AIG] Caso n (%) 6 (20,0) 24 (80,0)
n=131
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rs 11573884 - Dom G
n=128

rs 11573884 - Rec G
n=128

rs 11573938 - Dom C
n=135

rs 11573938 - Rec C
n=135

rs 3102724 - Dom G
n=134

rs 3102724 - Rec G
n=134

[GIC]

[GIC]

[cm

[cm

[GIA]

[GIA]

Controle n (%)
Caso n (%)

Controle n (%)
Caso n (%)

Controle n (%)
Caso n (%)

Controle n (%)
Caso n (%)

Controle n (%)
Caso n (%)

Controle n (%)
Caso n (%)

94 (94,9)
28 (96,6)

CG+CC
12 (12,1)
5(17,2)

cc+CT
103 (99,0)
31(100,0)

CT+TT
12 (11,5)
8 (25,8)

GG +AG
93 (89,4)
27 (90,0)

AG + AA
55 (52,9)
15 (50,0)

5(5,1)
1(3.4)

GG
87 (87.,9)
24 (82,8)

-
1(1,0)
0(0,0)

cc
92 (88,5)
23(74,2)

AA
11 (10,6)
3(10,0)

GG
49 (47,1)
15 (50,0)

1,000**

0,475*

1,000**

0,049*

1,000**

0,781*

0,671 (0,075 - 5,988)

0,662 (0,212 - 2,064)

0,375 (0,137 - 1,000)

0,939 (0,244 - 3,611)

1,122 (0,498 - 2,530)

®ldentificador de SNP baseado no dbSNP do NCBI
40 alelo 1 é o mais frequente no grupo caso

*Qui-quadrado de Pearson
**Teste Exato de Fisher

OR: Odds Ratio

IC: Intervalo de Confianga
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Tabela IV. Resultado da analise univariada dos tagSNPs do gene OPG para o

modelo aditivo para os grupos controle e caso (n=135).

TagSNPs

dbSNP 1D Alelos® Genétipos Grupo Controle n (%) Grupo Caso n (%) Valordep* OR (IC 95%)
GG 52 (50,5) 19 (63,3) 0,303
rs1032128 [G/A] AG 38(36,9) 10 (33,3) 0,146 4,750 (0,581 - 38,817)
n=133 AA 13(12,6) 1@3.3) 0,262 3.421 (0,399 - 29,367)
GG 26 (27,1) 9 (30,0) 0,346
rs1485289 [GIA] AG 41 (42,7) 16 (53,3) 0,261 2,008 (0,596 - 6,764)
n=126 AA 29 (30,2) 5(16,7) 0,150 2,263 (0,745 - 6,876)
AA 78 (75,0) 24 (80,0) 0,700
rs2875845 [A/G] AG 24 (23,1) 5(16,5) 0,697 0,615 (0,053 - 7,086)
n=134 GG 2(1,9) 1@3.3) 0,507 0,417 (0,031 - 5,535)
T 76 (80,0) 21 (87,5) 0,753
rs3102728 [T/C] CT 18 (18,9) 3(12,5) 1 -
n=135 cc 1(1,1) 0 (0,0 1
AA 46 (44,7) 14 (45,2) 0,953
rs3134057 [A/G] AG 45 (43,7) 14 (45,2) 0,783 1,217 (0,300 - 4,934)
n=134 GG 12 (11,7) 3(9,7) 0,76 1,244 (0,307 - 5,047)
AA 76 (75,2) 24 (80,0) 0,902
rs3134060 [AIG] AG 24 (23,8) 6 (20,0) 1 -
n=131 GG 1(1,0) 0 (0,0 1
GG 87 (87,9) 24 (82,8) 0,516
rs11573884 [GIC] CG 7(7,1) 4 (13,8) 0,774 1,379 (0,154 - 12,375)
n=128 CcC 51(3,9) 1(34) 0,406 2,857 (0,241 - 33,902)
CcC 92 (88,5) 23 (74,2) 0,121
rs11573938 [Cm] CT 11 (10,6) 8 (25,8) 1 -
n=135 T 1(1,0) 0 (0,0 1
GG 49 (47,1) 15 (50,0) 0,962
rs3102724 [G/A] AG 44 (42,3) 12 (40,0) 0,872 1,122 (0,276 - 4,559)
n=134 AA 11 (10,6) 3(10,0) 1 1,000 (0,240 - 4,167)

%ldentificador de SNP baseado no dbSNP do NCBI

40 alelo 1 é o mais frequente no grupo caso
*Regressao logistica binaria

OR: Odds Ratio

IC: Intervalo de Confianca
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Analise Multivariada

A analise multivariada é uma ferramenta utilizada para estudar o
comportamento de multiplas variaveis simultaneamente. No caso especifico, foram
consideradas as variaveis que obtiveram um valor de p<0,20 na analise univariada,
que foram: nimero de mini-implantes instalados por paciente (p=0,001) e habitos
de fumo (p=0,172) (Tabela I).

No gene OPG, 0 rs1032128 no modelo dominante para o alelo G: p=0,190
e no modelo aditivo: p=0,146; o rs1485289 no modelo dominante para o alelo G:
p=0,145 e no modelo aditivo: p=0,15, e 0 rs11573938 no modelo dominante T para
o alelo T: p=0,049 e no modelo aditivo: p=0,121.

O numero de mini-implantes instalados por paciente (Resultado publicado
por Reichow et al.,?) foi a Unica variavel que se manteve associada com a perda
de mini-implantes ortoddnticos, apds a analise multivariada (p=0,000), mostrando
um aumento do risco em mais de 14 vezes, na presenca dos alelos citados acima
(Tabela V).

Tabela V. Resultado da andlise multivariada para os grupos controle e caso.

Grupo Controle Grupo Caso

D .
ados Gerais =104 % n=31 %

Valor de p* OR (IC 95%)

Numero de Mis instalados por paciente
lou2 84 808 7 22,6

0,000 14,400 (5,443 - 38,099)
3,40ub 20 192 24 774

*Regresséo logistica binaria
OR: Odds Ratio
IC: Intervalo de Confianca
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DISCUSSAO

Os mini-implantes tornaram-se muito populares entre os ortodontistas,
principalmente porque s&o dispositivos muito efetivos em tratamentos ortodonticos
com alta demanda de ancoragem.3’ A taxa de sucesso dos mini-implantes da
amostra estudada (publicada no estudo de Reichow et al.?) foi de 87,5%, muito
semelhante a outros artigos encontrados na literatura, que relataram a taxa de
sucesso como sendo superior a 80%.14:38.39

Entretanto, os mini-implantes por vezes falham. Albogha et al.,*® relataram
a taxa de perda de MIs como sendo entre 13,4% e 20,1%.

Em vista disso, tem sido referido que os riscos de falha sdo maiores em
pacientes mais jovens, com idade inferior a 20 anos, em comparagdo aos mais
velhos (>20 anos).* Isso ocorre, possivelmente, devido ao metabolismo 6sseo ativo
e baixa maturacao dos ossos do complexo maxilo-mandibular em criancas em fase
de crescimento.® Por conseguinte, isso poderia explicar a alta taxa de sucesso
alcancada no estudo de Reichow et al.,2 no qual os pacientes possuiam idade entre
20 e 76 anos.

Além disso, o numero de mini-implantes instalados, mostrou-se associado a
perda de Mis.? Isso pode ser explicado, devido a condicdes anatémicas que
poderiam influir no &ngulo de instalacéo e na incidéncia de forgas mecanicas, ou
pelo aumento de inflamacédo, juntamente com o trauma cirlrgico, que poderia
reduzir a permanéncia dos MIs.? Fatores mecanicos, como o tamanho e o design
dos Mls, também podem interferir na sua estabilidade. Posto isso, Romano et al.,**
relataram que na presenca de estruturas anatdbmicas importantes, o tamanho ideal
de mini-implante para cada local deve ser utilizado, sempre considerando uma
margem de seguranca adicional. Assim sendo, dispositivos mais longos, de 8 a 9
mm sdo recomendados para a regiao posterior, enquanto que 0s mais curtos, de 6
a 7 mm, para a regiao anterior superior e inferior.

Outro fator associado a perda de Mis, foi o local de instalacdo, onde a maior
prevaléncia de perdas verificou-se na mandibula, quando comparada com a
maxila.? A densidade 6ssea da mandibula é alta e isso requer maior torque de
insercao, causando superaquecimento e consequentemente dano 0sseo, 0 que

diminui a taxa de sobrevivéncia dos mini-implantes.® Esses resultados, corroboram
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com varios outros estudos, que suportam a hipétese de que a taxa de sucesso dos
mini-implantes inseridos na maxila, sdo de fato maiores do que na
mandibula.40:42.43

Todavia, se o MI falhar por algum motivo, existem duas opgdes: reinstalar
um novo na mesma area apos 4 a 6 semanas ou instalar um novo em uma area
adjacente imediatamente.** O fato é que muitos autores buscam explicar esse
fracasso® de origem multifatorial .24

A OPG é uma citocina essencial para a osteoclastogénese, pois € muito
eficaz no processo de remodelacéo 6éssea.* Estudos tém associado polimorfismos
no gene OPG com a densidade mineral 0ssea, turnover 0sseo, osteonecrose
induzida por bifosfonatos na mandibula, espondilite anquilosante, osteoporose,
artropartia de Charcot, cancer de mama,*® periodontite*’ e periimplantite.484°

Até o presente momento, este € o0 primeiro estudo investigando
polimorfismos do tipo tagSNPs do gene OPG e sua associacdo com a perda de
mini-implantes ortodonticos.

Com base nos resultados genéticos obtidos, o alelo T, no modelo dominante
para o0 mesmo alelo, do tagSNP rs11573938, associou-se com a perda de mini-
implantes (p=0,049), ainda que esse resultado seja borderline. Contudo, certa
cautela € necessdria nessa interpretacdo, uma vez que na amostra, houve um
namero reduzido de individuos com esse alelo, mesmo heterozigotos. Portanto,
para confirmar que o rs11573938, € um marcador genético de suscetibilidade a
perda de mini-implantes ortodénticos, o nUmero amostral deve ser enriquecido ou
deve haver a replicacdo do estudo em outras populacgdes.

Porém, esse mesmo marcador (rs11573938), localizado no gene OPG no
4° intron, de acordo com o NCBI (National Center for Biotechnology Information),>°
foi associado ao aumento do contetdo mineral 6sseo do colo do fémur em criancas
negras da Africa do Sul.5!

Os polimorfismos rs102724 e rs134057 do gene OPG estdo em alto
desequilibrio de ligacdo (r>>80%) na populagdo estudada, o que significa que em
futuros estudos, apenas um desses dois SNPs sera necessario durante a

investigacdo do gene.

18



Todavia, o estudo aqui referido apresenta algumas limitacdes. O reduzido
namero amostral para estudos genéticos, diminui 0 power estatistico da
identificacdo da associacdo quando ela realmente existe. Ademais, a frequéncia
dos alelos mais raros foi muito pequena na populacdo estudada, o que tornou os
polimorfismos pouco informativos. Neste estudo, escolhemos os tagSNPS da

populacdo CEU do International HapMap Project, release 24 (www.hapmap.orq),

pois os pacientes selecionados para este estudo sédo da regido sul do Brasil, que é
considerada uma populacdo com descendéncia Europeia. Porém, a populacéo
brasileira € uma populagdo Caucasiana “ndo pura”, considerada miscigenada.
Além do mais, trés dos 12 tagSNPs selecionados para a cobertura completa de
todo o gene OPG (rs11573856, rs7010267, rs11573901) nao funcionaram,
podendo ter deixado alguma sequéncia excluida da analise.

Adicionalmente, apesar de todos o0s outros oito tagSNPs (rs3102724,
rs11573884, rs2875845, rs1032128, rs3134057, rs1485289, rs3134060,
rs3102728, rs11573856, rs7010267 e rs11573901) ndo terem apresentado
qualquer evidéncia de associacdo com a perda de Mls, para estudos genéticos de
tracos complexos, amostras mais robustas devem ser estudadas.

Finalmente, mais estudos sdo necessarios, incluindo os polimorfismos do
gene OPG que ndo amplificaram, em amostras mais enriquecidas. Além disso,
estudos abrangendo outros genes candidatos relacionados ao metabolismo 6sseo,

podem ser efetuados.
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CONCLUSOES

O alelo T do rs11573938, no modelo dominante para o alelo T, apresentou-
se associado com a perda de MIs na andlise univariada. No entanto, na analise
multivariada, apenas o niumero de Mls instalados associou-se ao desfecho.

Os tagSNPs rs102724 e rs134057 mostraram-se em alto desequilibrio de
ligacdo na populacdo estudada, podendo, em uma genotipagem futura, somente
um deles ser utilizado.

Os resultados aqui apresentados fortalecem o conceito de interacao entre
aspectos clinicos e genéticos, que juntos aumentam o risco na modulacdo da

susceptibilidade a doengas complexas.
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ABSTRACT

Objective: To investigate the association of tagSNPs genetic polymorphisms of the
Osteoprotegerin gene (OPG) with the loss of orthodontic mini-implants. Materials
and methods: The sample consisted of 135 patients of both sexes, with average
age of 48.7 £ 10 (20 to 76 years). The control group consisted of 104 patients, with
no mini-implants lost for at least 6 months and the case group for 31 patients with
at least 1 missing mini-implant. Cells were obtained by mouthwash with 3% glucose
solution for 1 minute and scraping the buccal mucosa with sterilized spatula. The
DNA was extracted from buccal epithelial cells and 10 M ammonium acetate and 1
mM EDTA, and the analysis of polymorphisms of the OPG gene, performed by Real
Time PCR technique. Univariate and multivariate analyzes were performed
(p<0,05). Results: Considering the OPG gene polymorphisms, the T allele of
rs11573938 (dominant model for the T allele; CC vs CT + TT), was shown to be
associated with the loss of mini-implants (p=0,049). After the multivariate analysis,
the variable that remained associated was the number of mini-implants installed.
Conclusion: Only the number of installed mini-implants was associated with the
loss of orthodontic mini-implants after multivariate analysis. The results presented
here strengthen the concept of interaction between clinical and genetic aspects,

which together increase the risk of modulating susceptibility to complex diseases.

Key words: genetic polymorphisms, OPG, mini-implant, loss of mini-implants
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INTRODUCTION
Orthodontic Anchorage

Orthodontic anchoring can be defined as resistance to unwanted dental
movements.1? Thus, having good anchorage control is essential for successful
orthodontic treatment.?® However, ensuring adequate anchoring is often a
challenge in Orthodontics Dentofacial Orthopedics.*

Throughout the 20th century, the extraoral appliance was pointed to as the
"gold standard" for reinforcement of anchorage, however, it is often associated with
problems of cooperation on the part of patients. Thus, anchorage loss occurs.®
Consequently, the increasing search for minimal collaboration and at the same time
maximum corrective effects have made the Temporary Anchoring Devices (TADS)
an excellent alternative to traditional orthodontic anchoring,® as they have made
mechanics simpler and more efficient than conventional techniques.’

In recent years, mini-implants (MIs) have gained enormous popularity in the
orthodontic environment® and have become a reliable method of providing
temporary orthodontic anchorage.® Its use allows the movement to be performed
without side effects on the other teeth,1° in addition to being a mechanism generally
well accepted by patients,1? due to its simplicity in installation and removal, low
cost, and possibility of immediate usage after installation,'® being able to be used
in several places due to its small size, besides being a procedure minimally
traumatic.

The success rate of Mls is reported to be approximately 84%.# Its success
depends on factors such as type, diameter and length of the mini-implant (Ml),!
orthodontic mechanics, dentist's ability,%1° bone thickness of the host,! oral
hygiene,*1° presence of inflammation of the soft tissues surrounding the MI2% and
genetic factors.? In addition, some degree of osseointegration!® may also be
necessary and primary healing in around the MI-bone surface should occur.® This
primary stability involves direct contact between the mini-implant and bone and is
an important signal for a successful insertion, since cases of failure occur during

the initial stages after such a procedure.®
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RANK/RANKL/OPG System

Bone is a dynamic tissue that constantly undergoes a process of renewal
and repair, called bone remodeling. This is an essential physiological process in
bone tissue in healthy humans,'” which involves bone resorption by osteoclasts and
bone matrix synthesis by osteoblasts.®

The RANK (kappa nuclear factor receptor activator receptor), RANKL (kappa
beta nuclear factor receptor activator receptor) and OPG (osteoprotegerin), is
involved in bone remodeling and regulates the differentiation and activation of
osteoclasts. Therefore, there is a crucial balance between bone formation and bone
resorption.'® In view of this, this system has been described as a central regulator
of bone metabolism.?°

RANKL was shown to bind to its RANK receptor in cells of the osteoclast
family to induce osteoclastogenesis. The RANKL molecule, blocked by the soluble
receptor OPG, was identified as a key mediator of osteoclastogenesis, both
attached to the membrane of pre-osteoblastic cells and stromal cells, and in the
soluble form.?° Thus, OPG acts as a decoy receptor, regulating this interaction and
competition with RANK, preventing RANK-RANKL interactions.?* Thus, the
catabolic effects of RANKL are minimized by OPG, which binds to RANKL, avoiding
the activation of the RANK?2 receptor and, consequently, reducing bone
resorption.??

First recognized in 1977, OPG was the first molecule identified in the
RANK/RANKL/OPG axis.?* It is a cytokine, belonging to the tumor necrosis factor
receptor 11B family (TNFRSF11B)!%21.23 and was named OPG, due to its more well-
characterized effect: bone protection.?12°

OPG is expressed in multiple organs and cells including heart, lung,
stomach, liver, kidney, spleen, intestine, skin, thymus, lymph nodes, bone marrow,
osteoblasts, vascular smooth muscle cells, dendritic cells, B lymphocytes, articular

chondrocytes, thyroid gland, spinal cord and brain.?®
The OPG gene

The OPG is encoded by a gene (OPG), which is located on the long arm of
chromosome 8, at position 24 (8924)?%27 and is made up of five exons,?:?¢ and
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covers 29 kb of the human genome.?® In its biochemical aspect, it is a soluble
glycoprotein, synthesized from 401 aminoacids,?%?° with a molecular mass of 60
kDa.?!

Single nucleotide polymorphisms (SNPs) are the most common forms of
DNA variation,® which can be found in either the coding or non-coding regions of
the gene, or between the genes.3' They represent the substitution of a single
nucleotide, adenine (A), substituted by one of the other three nitrogenous bases:
thymine (T), cytosine (C) or guanine (G),%? generating common alleles in the
population.33

SNPs are markers of choice in genetic analysis,*! because they can confer
susceptibility or protective modulation against complex diseases®* and can affect
the amount or function of expressed proteins.® Thus, investigating SNPs in the
human genome can provide advances in novel therapeutic targets.3!

It is extremely important to determine the direct and indirect systemic factors
that cause the host response to identify risk groups for the development of
undesirable pathological responses. Thus, the search for genetic markers that
make it possible to identify individuals more prone to the loss of Mis is fundamental
to prevent the installation of the destructive process.

It is extremely important to determine the direct and indirect systemic factors
that cause the host response to identify risk groups for the development of
undesirable pathological responses. Thus, the search for genetic markers that
make it possible to identify individuals more prone to the loss of Mis is fundamental
to prevent the installation of the destructive process.

In recent years, many clinical factors related to the success of Mis have been
studied extensively. However, to date, there is only one study investigating the
association of Ml loss with genetic factors, in which the candidate gene investigated
was the IL-6 gene.?

The objective of this study was to investigate the association of
polymorphisms in the OPG gene with the susceptibility to loss of mini-implants for

orthodontic anchoring in a sample of patients from the city of Curitiba-PR / Brazil.
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MATERIALS AND METHODS
Study Population

This cross-sectional study is based on case-control populations. A total of
487 records were analyzed from the Latin American Institute for Research and
Dental Education (ILAPEO), located in Curitiba, Parana, from 2004 to 2010. From
of these, 148 patients were included in the study because they were treated with
orthodontic mini-implants (NEODENT® Osseointegrable Implant). Eight patients
were excluded because of syphilis, pregnancy or lactation, and five refused to
participate. Thus, the study was developed with a group of 135 patients of both
sexes, with ages ranging from 20 to 76 years (average age of 48.7 = 10). The control
group was composed of 104 patients with no MI that was lost for at least 6 months,
and the case group consisted of 31 patients who had at least 1 Ml lost.

All patients signed a free and informed consent form. The number of Mis
installed and lost was verified in the clinical file of the patients. The project was
approved by the Research Ethics Committee of PUCPR, protocol 5693/10.

DNA Collection and Purification

Cells were obtained by means of a mouthwash with 3% glucose solution for
1 minute and scraping of the jugal mucosa with a sterilized wooden spatula.® After
this, the tip of the spatula was agitated inside the mouthwash solution. Oral
epithelial cells were pelleted by centrifugation at 2000 rpm for 10 minutes. The
supernatant was discarded and the cell pellet resuspended in 1300 ul extraction
buffer [L0 mM Tris-HCI (pH 7.8), 5 mM EDTA, 0.5% SDS]. 10 pl of proteinase K (20
mg / ml) was added to the solution, left overnight at 65°C. The DNA was purified by
the addition of 10 M ammonium acetate, precipitated with isopropanol and
resuspended with 50 ul of extraction solution [10 mM Tris (pH 7.6) and 1 mM
EDTA].36

Analysis of OPG gene tagSNPs
Near SNPs are often correlated in terms of linkage disequilibrium (DL). When
these SNPs are in strong DL, they can capture information from other SNPs of the

same block (or bin) and are called tagSNPs. The strategy of genotyping tagSNPs
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is to find information about an entire gene, reducing costs and time. Genotyping
tagSNPs excludes the need to genotype all SNPs of a given gene. Thus, tagSNPs
from the OPG gene were selected according to information available in the

International HapMap Project, release 24 (www.hapmap.orq).

All 12 markers selected had a minimum allele frequency (FAM) of 0.05 in the
CEU population (descendants of Northern and Western Europe). The cut-off
parameter to define the DL between two markers was a multi-marker logarithm of
r’> 0.8, considered a high DL level. Following these criteria, the following tagSNPs
were selected:

OPG: rs11573938, rs3102724, rs11573884, rs2875845, rs1032128,
rs3134057, rs1485289, rs3134060, rs3102728, rs11573856, rs7010267,
rs11573901.

Patients were genotyped for tagSNPs by the Real Time PCR (Applied
Biosystems 7500 Real Time PCR System, Applied Biosystems, Foster City, CA,
USA), using TagMan™ Genotyping Max Mister (Applied Biosystems). The negative
control was used in all the genotypes performed.

Three tagSNPs polymorphisms were not amplified, possibly by inappropriate
primer design, with rs11573856, rs7010267 and rs11573901 being disregarded

from the analysis.

Statistical analysis

Statistical analyzes were performed in the SPSS program, version 20.0, and
the Hardy-Weinberg equilibrium and the link disequilibrium map between the SNPs
obtained in Haploview 4.1.

Nominal variables were expressed as frequency and percentage. Pearson's
chi-square test and Fisher's exact test were used to test differences between
groups for categorical variables. The following genetic models were analyzed:
dominant and recessive, evaluated by Pearson's chi-square test or Fisher's exact
test. The additive model, evaluated by binary logistic regression.

For the multivariate analysis, the binary logistic regression model was used,
including independent variables that obtained values of p<0.20 in the univariate

analysis. Results with p<0.05 were considered statistically significant.
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Risk estimates were accessed by calculating Odds Ratio (OR) with a 95%

confidence interval (CI).
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RESULTS
Clinical and Sociodemographic Parameters

The success rate of orthodontic mini-implants was 87.5%.

The results concerning the clinical and sociodemographic variables of the
sample of the present study were published by Reichow et al.,? and are summarized

in Tables | and II.

Table |. Results of the univariate analysis, considering the clinical and

sociodemographic variables for the control and case groups (n=135).

Control Group Case Group

Patient Data p-value OR (95% CI)

n=104 % n=31 %
Sex
Male 29 27.9 7 22.6 0.648* 1.33(0.52-3.41)
Female 75 72.1 24 774
Age 48.69 + 10.31 48.77 £9.11 0.968"
Smoking Habit 26 25.0 12 38.7 0.172* 1.89(0.81-4.42)
Hygiene Habits
Brushing daily over 3 times 90 86.5 24 774 0.260* 0.53(0.19-1.47)
Dental floss use 97 933 28 90.3 0.696* 0.67 (0.16 - 2.78)
Mouthwash 98 942 30 9638 1.000* 1.84(0.21-15.87)
DMTF
Upto 10 8 7.7 2 6.5 1.000* 1.21 (0.24 - 6.01)
More than 10 96 923 29 935
CPITN
0 66 635 17 548 0.407* 1.43 (0.63-3.22)
1,2and 3 38 365 14 452
Number of mini-implants installed per patient
1 27 260 0 00 0.001*
>1 77 74.0 31 100.0

*Fischer exact test

'Student t-test
DMFT, Decayed/Missing/Filled Teeth index
CPITN, Community Periodontal Index of Treatment Needs

Source: Reichow A, Melo A, de Souza C, Castilhos B, Olandoski M, Alvim-Pereira
C et al. Outcome of orthodontic mini-implant loss in relation to interleukin 6
polymorphisms. Int J Oral Maxillofac Surg 2016;45:649-657.
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Table Il. Results of the univariate analysis, considering the variables of the

orthodontic mini-implants (n = 311).

Control Group Case Group

Local Ml data
n=272 % n=39 %

p-value OR (95% CI)

Jaw of installation 269 98.90 39 100.00

Maxilla 151 91.52 14 8.48 0.025** 2.29(1.14 -4.49)
Mandible 118 82.52 25 17.48

Position of intallation 269 98.90 39 100.00

Vestibular 196 87.11 29 12.89

Lingual 42 89.36 5 10.64 0.890*
Alveolar ridge 31 86.11 5 14.89

Diameter (mm)® 272 10000 39  100.00

13 36 85.71 6 14.29 0.802**
1.6/2.0 236 87.73 33 12.27

Lenght (mm)® 272 100.00 39 100.00

5 9 90.00 1 10.0

7 145 86.83 22 13.17 0.948*
9 82 87.23 12 12.77

11 36 90.00 4 10.00

Type of neck® 272 10000 39  100.00

CB (low neck) 116 89.92 13 10.08

CM (middle neck) 125 85.62 21 14.38 0.542*
CA (hight neck) 31 86.11 5 13.89

Type of de anchorage 220 80.88 31 79.49

Direct 177 88.50 23 11.50 0.474*
Indirect 43 84.31 8 15.69

Type of moviment 233 85.66 35 89.74

Intrusion 123 90.44 13 9.56

Upritghting 54 79.41 14 20.59 0.109*
Foward 17 80.95 4 19.05

Backward 39 90.70 4 9.30

Pearson chi-square test
**Eischer exact test

$A diameter of 1.6mm was used in 85% of cases, 1.3mm in 13.50% and 2.0mm in 0.64%
£A lenght of 5mm was used in 2.89% of cases, 7mm em 53.70%, 9mm in 30.23% and 11mmin 11.57%

Source: Reichow A, Melo A, de Souza C, Castilhos B, Olandoski M, Alvim-Pereira

C et al. Outcome of orthodontic mini-implant loss in relation to interleukin 6
polymorphisms. Int J Oral Maxillofac Surg 2016;45:649-657.

36



Analysis of Polymorphisms in Gene OPG

The genotype distribution of the OPG gene was presented in Hardy-
Weinberg equilibrium in the control group. The tagSNPs rs102724 and rs3134057
are in high DL (r’=89%). The complete physical mapping of DL of the OPG gene

for the study population can be verified in figure 1.
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Figure 1. Map of linkage disequilibrium (DL) of the selected tagSNPs of the OPG
gene in the study population. The number within the squares indicates the ratio in%
of DL. The intensity of the color inside the squares reflects the degree of DL
between two loci: the darker intensity represents a higher DL degree among the
SNPs.

The T allele of rs11573938 (dominant model for the T allele, CCvs CT + TT),
was associated with loss of orthodontic mini-implants (p=0.049), (Table Ill). The
remainder of the tagSNPs (rs3102724, rs2875845, rs1032128, rs3134057,
rs1485289, rs3134060, rs3102728, rs11573856, rs7010267, rs11573901) had no
association with loss of Mls either in the sense of susceptibility (predisposition) or

in the sense of protection in none of the genetic models studied (Tables Il and 1V).
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Table Ill. Results of the univariate analysis of the OPG gene tagSNPs for the

dominant and recessive models for the control and case (n=135) groups.

TagSNPS

dbSNP ID? Alleles 1/2% Groups Genotypes Genotypes p-value OR (95% CI)
GG + AG AA
Controln (%) 90 (87.4) 13 (12.6) 0.190**  0.239 (0.030 - 1.904)
rs1032128 - Dom G [G/IA] Casen(%) 29(96.7) 1(3.3)
n=133
AG +AA GG
Controln (%) 51(49.5) 52 (50.5) 0.214* 1.694 (0.734 - 3.912)
rs1032128 - Rec G [GIA] Casen(%) 11(36.7) 19 (63.3)
n=133
GG + AG AA
Controln (%) 67 (69.8) 29(30.2) 0.145* 0.462 (0.161 - 1.326)
rs1485289 - Dom G [G/IA] Casen(%) 25(83.3) 5(16.7)
n=126
AG + AA GG
Controln (%) 70(72.9) 26(27.1) 0.756* 1.154 (0.468 - 2.842)
rs1485289 - Rec G [GIA] Casen(%) 21(70.0) 9 (30.0)
n=126
AA +AG GG
Controln (%) 102 (98.1) 2(1.9) 0.536**  1.759 (0.154 - 20.089)
rs 2875845 - Dom A [A/G] Casen (%) 29(96.7) 1(3.3)
n=134
AG + GG AA
Controln (%) 26 (25.0) 78(75.0) 0.571* 1.333(0.491 - 3.619)
rs 2875845 - Rec A [A/G] Case n (%) 6 (20.0) 24 (80.0)
n=134
TT+CT CcC
Controln (%) 94 (98.9) 1(11) 1.000** -
rs 3102728 - Dom T [T/IC] Casen(%) 24 (100.0) 0(0.0)
n=135
CT+CC T
Controln (%) 19(20.0) 76 (80.0) 0.560**  1.750 (0.472 - 6.486)
rs 3102728 - Rec T [T/IC] Case n (%) 3(12.5) 21 (87.5)
n=135
AA + AG GG
Controln (%) 91 (88.3) 12 (11.7) 1.000** 0.813 (0.214 - 3.85)
rs 3134057 - Dom A [AIG] Casen(%) 28(90.3) 3(9.7)
n=134
AG + GG AA
Controln (%) 57 (55.3) 46 (44.7) 0.961* 1.020 (0.455 - 2.287)
rs 3134057 - Rec A [A/G] Casen(%) 17 (54.8) 14 (45.2)
n=134
AA + AG GG
Control n (%) 100 (99.0) 1(1.0) 1.000** -
rs 3134060 - Dom A [AIG] Casen(%) 30 (100.0) 0(0.0)
n=131
AG + GG AA
Controln (%) 25(24.8) 76(75.2) 0.591* 1.316 (0.483 - 3.585)
rs 3134060 - Rec A [A/G] Case n (%) 6 (20.0) 24 (80.0)
n=131

38



rs 11573884 - Dom G

n=128

rs 11573884 - Rec G
n=128

rs 11573938 -Dom C

n=135

rs 11573938 - Rec C
n=135

rs 3102724 - Dom G
n=134

rs 3102724 - Rec G
n=134

[GIC]

[GIC]

[cm

[cm

[GIA]

[GIA]

Control n (%)
Case n (%)

Control n (%)
Case n (%)

Control n (%)
Case n (%)

Control n (%)
Case n (%)

Control n (%)
Case n (%)

Control n (%)
Case n (%)

GG +CG
94 (94.9)
28 (96.6)

CG+CC
12 (12.1)
5(17.2)

CC+CT
103 (99.0)
31 (100.0)

CT+TT
12 (11.5)
8 (25.8)

GG +AG
93 (89.4)
27 (90.0)

AG + AA
55 (52.9)
15 (50.0)

cc
5(5.1)
1(3.4)

GG
87 (87.9)
24 (82.8)

18l
1(1.0)
0(0.0)

cc
92 (88.5)
23 (74.2)

AA
11 (10.6)
3(10.0)

GG
49 (47.1)
15 (50.0)

1.000**

0.475*

1.000**

0.049*

1.000**

0.781*

0.671 (0.075 - 5.988)

0.662 (0.212 - 2.064)

0.375 (0.137 - 1.000)

0.939 (0.244 - 3.611)

1.122 (0.498 - 2.530)

4SNP identifier based on the NCBI dbSNP

&The allelel is more frequent in the study group

*Pearson chi-square test

**Eisher exat test
OR: Odds Ratio
CI: Confidence Interval
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Table IV. Result of the univariate analysis of the OPG gene tagSNPs for the additive

model for the control and case groups (n=135).

TagSNPs

& Genotypes Control Group n (%) Case Group n (% -value* OR (95% CI
dbsnp p: | Alleles yp pn (%) pn(%) p (95% CI)
GG 52 (50.5) 19 (63.3) 0.303
rs1032128 [GIA] AG 38 (36.9) 10(33.3) 0.146 4.750 (0.581 - 38.817)
n=133 AA 13 (12.6) 1(3.3) 0.262 3.421 (0.399 - 29.367)
GG 26 (27.1) 9 (30.0) 0.346
rs1485289 [G/A] AG 41 (42.7) 16 (53.3) 0.261 2.008 (0.596 - 6.764)
n=126 AA 29 (30.2) 5(16.7) 0.150 2.263 (0.745 - 6.876)
AA 78 (75.0) 24 (80.0) 0.700
rs2875845 [AIG] AG 24 (23.1) 5(16.5) 0.697 0.615 (0.053 - 7.086)
n=134 GG 2(1.9) 1(3.3) 0.507 0.417 (0.031 - 5.535)
TT 76 (80.0) 21 (87.5) 0.753
rs3102728 [T/IC] CT 18 (18.9) 3(12.5) 1 -
n=135 CcC 1(1.1) 0(0.0) 1
AA 46 (44.7) 14 (45.2) 0.953
rs3134057 [AIG] AG 45 (43.7) 14 (45.2) 0.783 1.217 (0.300 - 4.934)
n=134 GG 12 (11.7) 3(9.7) 0.76 1.244 (0.307 - 5.047)
AA 76 (75.2) 24 (80.0) 0.902
rs3134060 [A/G] AG 24 (23.8) 6 (20.0) 1 -
n=131 GG 1(1.0) 0(0.0) 1
GG 87 (87.9) 24 (82.8) 0.516
rs11573884 [GIC] CG 7(7.1) 4(13.8) 0.774 1.379 (0.154 - 12.375)
n=128 cC 51 (3.9) 13.4) 0.406 2.857 (0.241 - 33.902)
CcC 92 (88.5) 23 (74.2) 0.121
rs11573938 [Cm] CT 11 (10.6) 8(25.8) 1 -
n=135 TT 1(1.0) 0(0.0) 1
GG 49 (47.1) 15 (50.0) 0.962
rs3102724 [GIA] AG 44 (42.3) 12 (40.0) 0.872 1.122 (0.276 - 4.559)
n=134 AA 11 (10.6) 3(10.0) 1 1.000 (0.240 - 4.167)

2SNP Identifier based on the NCBI dbSNP

4The allele 1 is more frequent in the study group
*Binary logistic regression

OR: Odds Ratio

CI: Confidence Interval
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Multivariate analysis

Multivariate analysis is a tool used to study the behavior of multiple variables
simultaneously. In the specific case, we considered the variables that obtained a
value of p<0.20 in the univariate analysis, which were: number of mini-implants
installed per patient (p=0.001) and smoking habits (p=0.172) (Table 1).

In the OPG gene, the rs1032128 in the dominant model for the G allele:
p=0.190 and in the additive model: p=0.146; the rs1485289 in the dominant model
for the G allele: p=0.145 and in the additive model: p=0.15, and the rs11573938 in
the dominant T model for the T allele: p=0.049 and in the additive model: p=0.121.

The number of mini-implants installed per patient (Result published by
Reichow et al.,?) was the only variable that remained associated with loss of
orthodontic mini-implants after multivariate analysis (p=0.000), showing an increase
of the risk by more than 14 times, in the presence of the alleles mentioned above
(Table V).

Table V. Results of the multivariate analysis for the control and case groups.

Control Group Case Group

value* OR (95% Cl
n=104 % n=31 9% P vau (95% €1

General Data

Number of Mls installed per patient
lor2 84 808 7 22.6
0.000 14.400 (5.443 - 38.099)
3,40r5 20 192 24 774
*Binary logistic regression
OR: Odds Ratio
ClI: Confidence Interval
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DISCUSSION

Mini-implants have become very popular among orthodontists, mainly
because they are very effective devices in orthodontic treatments with high demand
for anchorage.®® The success rate of the mini-implants of the sample studied
(published in the study by Reichow et al.?) was 87.5%, very similar to other articles
found in the literature, which reported the success rate as being greater than
80%_14,38,39

However, mini-implants sometimes fail. Albogha et al.,*® reported the loss
rate of MlIs as being between 13.4% and 20.1%.

In view of this, it has been reported that the risk of failure is greater in younger
patients younger than 20 years of age compared to older patients (>20 years).* This
is possibly due to active and low bone metabolism maturation of maxillomandibular
complex bones in growing children.*°® Consequently, this could explain the high rate
of success achieved in the study by Reichow et al.,? in which patients were aged
between 20 and 76 years.

Moreover, the number of mini-implants installed has been shown to be
associated with the loss of MlIs.? This can be explained, due to anatomical
conditions that could influence the installation angle and the incidence of
mechanical forces, or the increase of inflammation, along with surgical trauma,
which could reduce the permanence of Mis.? Mechanical factors, such as the size
and design of Mls, may also interfere with their stability. Thus, Romano et al.,*
reported that in the presence of important anatomical structures, the ideal mini-
implant size for each site should be used, always considering an additional margin
of safety. Therefore, longer devices, from 8 to 9 mm are recommended for the
posterior region, while the shorter devices, from 6 to 7 mm, for the upper and lower
anterior region.

Another factor associated with the loss of MIs was the place of installation,
where the highest prevalence of losses occurred in the mandible when compared
to the maxilla.? The bone density of the mandible is high and this requires higher
insertion torque, causing overheating and consequently bone damage, which

decreases the survival rate of the mini-implants.® These results corroborate with
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several other studies that support the hypothesis that the success rate of mini-
implants inserted into the maxilla is in fact higher than than in the mandible.40:42.43

However, if Ml falls for some reason, there are two options: reinstall a new
one in the same area after 4 to 6 weeks or install a new one in an adjacent area
immediately.** The fact is that many authors seek to explain this failure® of
multifactorial origin.?#

OPG is an essential cytokine for osteoclastogenesis, as it is very effective in
the process of bone remodeling.*®> Studies have associated polymorphisms in the
OPG gene with bone mineral density, bone turnover, osteonecrosis induced by
bisphosphonates in the mandible, ankylosing spondylitis, osteoporosis, arthroplasty
of Charcot, breast cancer,*® periodontitis*’ and peri-implantitis.484

To date, this is the first study investigating tagSNPs polymorphisms of the
OPG gene and its association with the loss of orthodontic mini-implants.

Based on the genetic results obtained, the T allele in the dominant model for
the same allele of tagSNP rs11573938 was associated with the loss of mini-
implants (p=0.049), although this result was borderline. However, some caution is
required in this interpretation, since in the sample, there were a few individuals with
this allele, even heterozygotes. Therefore, to confirm that rs11573938 is a genetic
marker of susceptibility to loss of orthodontic mini-implants, the sample number
should be enriched or replicate of the study in other populations.

However, this same marker (rs11573938), located in the OPG gene at the
4th intron, according to NCBI (National Center for Biotechnology Information),> was
associated with increased bone mineral content of the femoral neck in black
children from South Africa.>!

The polymorphisms rs102724 and rs134057 of the OPG gene are in high
binding imbalance (r>> 80%) in the population studied, which means that in future
studies, only one of these two SNPs will be required during gene research.

However, the study presented here has some limitations. The reduced
sample number for genetic studies decreases the statistical power of identifying the
association when it actually exists. In addition, the frequency of the rarer alleles was
very small in the study population, which made the polymorphisms less informative.

In this study, we chose tagSNPS from the CEU population of the International
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HapMap Project, release 24 (www.hapmap.org), since the patients selected for this
study are from southern Brazil, which is considered a population with European
descent. However, the Brazilian population is a "non-pure" Caucasian population,
considered to be mixed. In addition, three of the 12 tagSNPs selected for complete
coverage of the entire OPG gene (rs11573856, rs7010267, rs11573901) did not
work, and may have left some sequence excluded from the analysis.

In addition, although all eight other tagSNPs (rs3102724, rs11573884,
rs1032128, rs3134057, rs1485289, rs3134060, rs3102728, rs11573856,
rs7010267 and rs11573901) have not shown any evidence of association with loss
of Mls for genetic trait studies more robust samples should be studied.

Finally, more studies are needed, including non-amplified OPG gene
polymorphisms in more enriched samples. In addition, studies covering other

candidate genes related to bone metabolism may be performed.
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CONCLUSIONS

The T allele of rs11573938, in the dominant model for the T allele, was
associated with the loss of MIs in the univariate analysis. However, in the
multivariate analysis, only the number of Mis installed was associated with the
outcome.

The tagSNPs rs102724 and rs134057 were shown to be highly unbalanced
in the studied population and only one of them could be used in future genotyping.

The results presented here strengthen the concept of interaction between
clinical and genetic aspects, which together increase the risk of modulating

susceptibility to complex diseases.
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ANEXOS

Lista de Abreviaturas e Siglas

°C

pl
bins
bp
CEU

DATs
DL
DNA
dbSNP
EDTA
etal.
FAM
HCL

IL-6

kb

kDa

Ml
Mis

mM

Graus Celcius

Microlitro

Blocos de desequilibrio de ligacdo
Pares de bases

Residentes de Utah com ascendéncia do Norte e da Europa
Ocidental

Dispositivos de ancoragem temporéria
Desequilibrio de Ligacéo

Acido Desoxirribonucleico

Banco de dados de SNPs

Acido Etilenodiamino Tetra-Acético
E colaboradores

Frequéncia alélica minima

Acido cloridrico

Gene gque codifica a proteina IL-6
Intervalo de Confianca

Quilobase

Kilodaltons

Molar

Mini-implante

Mini-implantes

Milimolar
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NCBI
OPG
OPG

OR

PCR

PH
RANK
RANKL
rpm

rs

SDS
SNPs
tagSNPS
TNFRSF11B

Tris

National Center for Biotechnology Information
Osteoprotegerina
Gene que codifica a proteina OPG
Oddis Ratio
Reacdo em Cadeia da Polimerase
Potencial hidrogenibnico
Receptor ativador do fator nuclear kappa beta
Receptor ativador ligante do fator nuclear kappa beta
Rotacdes por minuto
reference SNP
Sodium dodecyl! sulfate
Single Nucleotide Polymorphism
SNPs representativos de um gene
Familia do receptor do fator de necrose tumoral 11B

Hidroximetil aminometano
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published, include a footnote in the table giving full credit to the original source and
include written permission for its use from the copyright holder. Submit tables as
text-based files (Word is preferred, Excel is accepted) and not as graphic elements.
Do not use colors, shading, boldface, or italic in tables. Do not submit tables as
parts A and B; divide into 2 separate tables. Do not "protect"” tables by making them
"read-only.” The table title should be put above the table and not as a cell in the
table. Similarly, table footnotes should be under the table, not table cells.

6. Model release and permission forms. Photographs of identifiable persons
must be accompanied by a release signed by the person or both living parents or
the guardian of minors. lllustrations or tables that have appeared in copyrighted
material must be accompanied by written permission for their use from the copyright
owner and original author, and the legend must properly credit the source.

Permission also must be obtained to use modified tables or figures.
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7. Copyright release. In accordance with the Copyright Act of 1976, which
became effective February 1, 1978, all manuscripts must be accompanied by the
following written statement, signed by all authors: "The undersigned author(s)
transfers all copyright ownership of the manuscript [insert title of article here] to the
American Association of Orthodontists in the event the work is published. The
undersigned author(s) warrants that the article is original, does not infringe upon
any copyright or other proprietary right of any third party, is not under consideration
by another journal, has not been previously published, and includes any product
that may derive from the published journal, whether print or electronic media. | (we)
sign for and accept responsibility for releasing this material.” Scan the printed

copyright release and submit it via EES

8. Use the International Committee of Medical Journal Editors Form for the
Disclosure of Conflict of Interest (ICMJE Conflict of Interest Form). If the manuscript
is accepted, the disclosed information will be published with the article. The usual
and customary listing of sources of support and institutional affiliations on the title
page is proper and does not imply a conflict of interest. Guest editorials, Letters,

and Review articles may be rejected if a conflict of interest exists.

9. Institutional Review Board approval. For those articles that report on the
results of experiments of treatments where patients or animals have been used as
the sample, Institutional Review Board (IRB) approval is mandatory. No
experimental studies will be sent out for review without an IRB approval

accompanying the manuscript submission.

Guidelines for Systematic Reviews

Systematic Reviews and Meta-Analyses must be prepared according to
contemporary PRISMA (Preferred Reporting for Systematic Reviews and Meta
Analyses) standards. The AJO-DO will screen submissions for compliance before

beginning the review process. To help authors understand and apply the standards,
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we have prepared a separate Guidelines for AJO-DO Systematic Reviews and
Meta-Analyses. This guide includes links to a Model Orthodontic Systematic
Review and an accompanying Explanation and Elaboration document.

These guidelines are supplemental to the Guidelines for Original Articles,
which describe how to meet general submission requirements, such as figure

formats, reference style, required releases, and blinding.
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