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Silva ANA. Polimorfismos em genes marcadores do Diabetes mellitus tipo 2 estariam
associados a Periodontite? [dissertacdo de mestrado]. Araraquara: Faculdade de
Odontologia da UNESP; 2022.

RESUMO

A busca em compreender melhor as inter-relacdes entre a Periodontite (P) e Diabetes
mellitus tipo 2 (DM2) por variantes genéticas associadas a suscetibilidade de ambas
doencas, é de grande interesse da comunidade cientifica em todo o mundo. O objetivo
deste estudo foi investigar polimorfismos em genes considerados biomarcadores
moleculares do DM2, para avaliar se estdo associados a P. Tais polimorfismos
também foram investigados se estéo relacionados com parametros periodontais, perfil
glicémico e lipidico do paciente. Considerando o calculo amostral, foram investigados:
pacientes com DM2 e Periodontite severa ou moderada (Grupo P+DM2 n=206);
pacientes sem DM2 com periodontite severa ou moderada (Grupo Periodontitis,
n=346); e pacientes sem DM2 e sem periodontite, ou seja, sistemicamente e
periodontalmente saudaveis (Grupo Healthy, n= 345). Ap6s o exame periodontal
completo, aos participantes deste estudo foi oferecida a realizagcdo de exames
bioquimicos (perfil glicémico e lipidico). Células da mucosa bucal de cada paciente
foram obtidas para extracdo do DNA pelo método de salting-out. Foram investigados
trés polimorfismos de nucleotideo Unico (SNP) nos genes AGER (Advanced
Glycosylation End-Product Specific Receptor), RBMS1(RNA Binding Motif Single
Stranded Interacting Protein 1) e VEGFA (Vascular Endothelial Growth Factor A), por
meio do sistema de genotipagem TagMan utilizando PCR (Polymerase Chain
Reaction) em tempo real. Os dados periodontais e genéticos foram comparados entre
0S grupos, realizando analises de regressdo logistica multipla ajustada para idade,
sexo e tabagismo. Regressdes lineares multiplas foram realizadas para investigacao
da associacdo das variantes genéticas com os parametros glicémicos, lipidicos e
periodontais. Como principais resultados, foi observado que pacientes com genétipo
T/T para o SNP rs7593730 (gene RBMS1), no modelo recessivo na comparac¢ao do
grupo Healthy versus Periodontitis, apresentou suscetibilidade duas vezes maior a
Periodontite (OR = 2.29; IC 95% = 1.04 — 5.01; p = 0.033) . Verificou-se para 0s
polimorfismos nos genes AGER e VEGFA, que pacientes que nunca fumaram e sao
portadores do gendétipo CC para AGER-rs184003 e VEGFA-rs9472138 apresentaram,
respectivamente, 51% e 46% menor suscetibilidade de desenvolver Periodontite. Os
portadores de AGER-rs184003-AA apresentaram menor numero de dentes
remanescentes na cavidade oral. Em relacdo ao gene VEGFA-rs9472138, os
portadores do gendtipo TT demonstraram menor porcentagem de sitios com
caracteristicas de doenca periodontal ativa (sangramento a sondagem e nivel de
insercao clinica = 4-5mm). Conclui-se que na populacdo estudada, importantes
variantes genéticas consideradas marcadoras para DM2, como rs7593730 (gene
RBMS1), rs184003 (gene AGER) e rs9472138 (gene VEGFA) foram associados a P
isoladamente ou conjuntamente ao DM2.

Palavras chave: Polimorfismo Genético. Diabetes mellitus. Periodontite.



Silva ANA. Could polymorphisms in type 2 Diabetes mellitus marker genes be
associated with Periodontitis? [dissertacdo de mestrado]. Araraquara: Faculdade de
Odontologia da UNESP; 2022.

ABSTRACT

The search to better understand the interrelationships between Periodontitis (P) and
Diabetes mellitus type 2 (T2DM) by genetic variants associated with the susceptibility
of both diseases is of great interest to the scientific community worldwide. The aim of
this study was to investigate polymorphisms in genes considered molecular
biomarkers of T2DM, to assess whether they are associated with P. Such
polymorphisms will also be investigated if they are related to periodontal parameters,
glycemic and lipid profile of the patient. Considering the sample size calculation, the
following were investigated: patients with T2DM and severe or moderate periodontitis
(Group P+T2DM n=206); patients without T2DM with severe or moderate periodontitis
(Periodontitis Group, n=346); and patients without T2DM and without periodontitis, that
is, systemically and periodontally healthy (Healthy Group, n=345). After the complete
periodontal examination, all participants in this study had biochemical tests (glycemic
and lipid profile). Cells from the oral mucosa of each patient were obtained for DNA
extraction using the salting-out method. Three single nucleotide polymorphisms (SNP)
in the AGER (Advanced Glycosylation End-Product Specific Receptor), RBMS1 (RNA
Binding Motif Single Stranded Interacting Protein 1) and VEGFA (Vascular Endothelial
Growth Factor A) genes were investigated through the TagMan genotyping system
using real-time PCR (Polymerase Chain Reaction). Periodontal and genetic data were
compared between groups, performing multiple logistic regression analyzes adjusted
for age, sex and smoking status. Multiple linear regressions were performed to
investigate the association of genetic variants with glycemic, lipid and periodontal
parameters. As main results, it was observed that patients with T/T genotype for SNP
rs7593730 (RBMS1 gene), in the recessive model, when comparing the Healthy
versus Periodontitis group, presented twice as much susceptibility to Periodontitis (OR
=2.29; 95% CI = 1.04 — 5.01; p = 0.033). For the polymorphisms in the AGER and
VEGFA genes, patients who had never smoked and are carriers of the CC genotype
for AGER-rs184003 and VEGFA-rs9472138 had, respectively, 51% and 46% lower
susceptibility to developing Periodontitis. AGER-rs184003-AA carriers had a smaller
number of remaining teeth in the mouth. Regarding the VEGFA-rs9472138 gene,
carriers of the TT genotype showed a lower percentage of areas with characteristics
of active periodontal disease (bleeding on probing and Clinical Attachment Loss = 4-
5mm). It is concluded that, in the studied population, important genetic variants
considered markers for T2DM, such as rs7593730 (RBMS1 gene), rs184003 (AGER
gene) and rs9472138 (VEGFA gene), were associated with P alone or together with
T2DM.

Keywords: Polymorphisms, Genetic. Diabetes mellitus. Periodontitis.
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1 INTRODUCAO

Esta introducao foi dividida em sec¢des abordando o Diabetes mellitus tipo 2,

Periodontite, Inter-relacdo das doencas e Polimorfismos Genéticos.
1.1 Diabetes mellitus Tipo 2 (DM2)

Diabetes mellitus (DM) € um conjunto de desordens metabdlicas cronica,
de carater multifatorial, em que o desencadeamento ocorre pela influéncia de
fatores genéticos, ambientais e/ou comportamentais. A principal evidéncia
clinica para o diagnostico é a presenca da hiperglicemia, resultado da disfuncéo
das células beta pancreaticas (B) (responsaveis pela producao da insulina) ou
pela acdo da propria insulina, bem como na combinacdo de ambas situacdes?.
Com base na etiologia apresentada, o DM é classificado em tipo 1, tipo 2,
gestacional e também relacionado a outras causas; por exemplo induzido por
produtos quimicos ou pelo uso de medicamentos, como glicocorticoides®. O
Diabetes mellitus tipo 2 (DM2) € o mais comum na populacdo, perfazendo
aproximadamente 90-95% dos casos de DM“. De acordo com a American
Diabetes Association (ADA), o DM2 ocorre devido a perda progressiva da
secrecdo de insulina das células B pancreaticas, e regularmente associada a
resisténcia a insulinas.

O numero de casos crescentes de DM2 estéo ligados, além da influéncia
do fator genético que age parcialmente na suscetibilidade do disturbio glicémico®
6, como o estilo de vida sedentéario, dieta ndo saudavel, sobrepeso, falta de
atividade fisica, habito de fumar e consumo de alcool sem moderacédo. Estes sédo
considerados o0s principais motivadores da prevaléncia de DM2 em todo o
mundo’: 8.

O DM trata-se de um problema de saude publica mundial, sendo que sua
prevaléncia aumenta em todo o mundo, estimando-se que mais de 693 milhdes
de individuos sejam afetados até 2045% 8, DM esta interligado com algumas
comorbidades (Cancer, Periodontite, Depresséo, Fraturas Osseas)?, sendo bem
estabelecido que a Periodontite (P) é a sexta maior complicacdo associada ao
DM10,

Estudar os mecanismos patoldgicos e os métodos disponiveis para a

prevencéo e tratamento de DM2 é de grande relevancia'l. DM2 é um disturbio
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metabdlico complexo com forte componente genético que contribui para sua

patogénese??.

1.2 Periodontite (P)

A Periodontite (P) caracteriza-se como uma doencga crbénica imuno-
inflamatdria, de carater multifatorial e poligénica. E associada a um biofilme em
dishiose!?, o qual se exibe estruturalmente complexo e organizado'4. Embora o
desequilibrio bacteriano seja o principal fator etiologico da P, ela conta com uma
etiopatogenia complexa, natureza poligénica e também esta relacionada a
influéncia ambiental (fumo, dieta alimentar, estresse, etc), determinando assim
na resposta do hospedeiro a suscetibilidade a doenca?®.

A P causa a migracdo do epitélio juncional, levando consequentemente a
destruicdo dos tecidos de sustentacdo do dente (cemento, 0sso alveolar e
ligamento periodontal). E diagnosticada pela perda de inser¢éo periodontal junto
ao sangramento a sondagem, reabsorcdo Ossea alveolar e até a perda
dentaria® 16, Além disso, ocorre o processo de desregulacdo imunolégica?®.

De acordo com a nova classificacdo das Doencas e Condicdes
Periodontais e Peri-implantes do Workshop Internacional de 2017, a P nédo é
mais categorizada em periodontite crbnica ou agressiva, mas somente em
Periodontite. Atualmente, é classificada com base no estagio/estadiamento (I a
IV) e no grau (A, B e C). Nesse sentido, avalia-se a severidade, complexidade,
extensdo e distribuicho da doenca (localizada, generalizada e perfil
incisivo/molar), e em graus, a taxa de progresséao (lenta, moderada ou rapida),
em que leva muito em conta o histérico de perda 6ssea do paciente, suas
caracteristicas bioldgicas, saude geral do paciente e fatores modificadores do
grau como, por exemplo, diabetes ou tabagismo, reconhecidos e amplamente
verificados na literatura cientifica como fatores de risco da P'’.

E interessante notar que fatores genéticos, ambientais e comportamentais
e a disbiose bacteriana ligados a P, levam a variagbes individuais no
desenvolvimento da patogénese, taxa de progressdo e na resposta do
hospedeiro ao tratamento. O prognéstico de dentes acometidos
periodontalmente torna-se um desafio devido a sua etiologia multifatorial e

complexal®*®, Por isso, protocolos de manutencgado
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personalizados/individualizados sdo propostos e devem ser estabelecidos
durante o tratamento periodontal®°.

A P assim como o DM2, trata-se de um problema de saude publica
mundial, devido a sua alta prevaléncia na populacdo e as consequéncias que
decorrem da doenca como a perda dentaria, que afeta negativamente a funcéo
mastigatoria e a estética, motivando a desigualdade social e prejudicando a
qualidade de vida do individuo. Assim, a P € tida como umas das responsaveis
pela proporcdo de casos de edentulismo e disfuncdo mastigatoria, as quais

impactam em custos significativos e além do impacto negativo na salude geral’.

1.3 Inter-Relacéo Entre DM2 e Periodontite

Tem sido cada vez mais frequente encontrar pacientes afetados
concomitantemente pela DM2 e P. Conforme revisado por Masumoto et al.
(2019), uma série de estudos de medicina periodontal sugere uma associacao
entre doenca periodontal e doencgas sistémicas??, incluindo DM?!. Foi detectado
maior extenséo e severidade da P em individuos portadores de DM?22,

Estudos confirmam a relagdo bidirecional ja bem definida do DM2 com a
P, em que ambas condi¢cBes resultam de caracteristicas patolégicas subjacentes
comuns, resultando em uma forte associacdo entre si. Desta forma, o controle
ou desequilibrio de uma doenca influencia também sobre a outra'®??, como
exemplo o controle glicémico'3. Conforme revisado por Preshaw and Bisset
(2019), individuos portadores de DM s@o mais propensos de desenvolverem P
com aumento de duas a trés vezes, do que naqueles nao diabéticos. Ainda neste
mesmo estudo, os individuos com DM2 e P, apresentaram maiores niveis de
Hemoglobina Glicada (HbA1c) e piores complicac6es do DM, mas o tratamento
periodontal resultou em um melhor controle glicémico e reducdes dos niveis de
HbA1c nos individuos com DM?3.

O efeito da P no DM2 é correlacionado pela entrada de patdgenos nos
tecidos periodontais do hospedeiro ou ainda pelo processo de degradacgao de
seus produtos sistemicamente. Assim, a ativacdo de uma intensa resposta
inflamatoria sistémica promovida pelos periodontopatégenos subgengivais leva
a uma fase aguda de explosédo proteica e elevados niveis de mediadores pro-
inflamatorios na circulacdo sistémica, os quais agem facilitando a resisténcia a

insulina®*?>. O processo de desregulacdo metabdlica no DM, resultante da
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exposicdo prolongada a hiperglicemia crénica pode ocasionar a glicacdo de
proteinas e lipidios, denominados de produtos finais de glicacdo avancada
(AGESs). E importante destacar que a P sofre influéncia da resposta inflamatoria
monocitica exagerada induzida pelo acumulo de AGESs, evidenciado pela
destruicdo dos tecidos periodontais e ainda pela secrecdo exagerada de
mediadores locais e sistémicos, levando a uma P com estado periodontal mais
severo?.

Outra associacdo da P influenciando no DM2 foi visto em uma meta-
andlise, onde individuos periodontalmente comprometidos aumentaram o risco
de microangiopatia diabética em individuos com DM2, com destaque para a
retinopatia diabética e nefropatia diabética?’.

A DM2 e a P séo doencas caracterizadas como poligénicas?, devido a
contribuicdo de muitos genes para uma determinada caracteristica, ao contrario
das doencas mendelianas. Estudos de varredura ampla do genoma, ou seja,
Genome-Wide Association Studies (GWAS) tem sido realizados para
identificacdo de variantes genéticas associadas a diferentes doencas, incluindo

DM?2 e P, isoladamente?®.

1.4 Polimorfismos Genéticos

Polimorfismos genéticos sdo variagcbes comuns em uma determinada
populacado, no qual o alelo mais raro ocorre com uma frequéncia maior que 1%
(IMAF, Minor Allele Frequency]> 1%)%°. Dentre os tipos de polimorfismos,
destaca-se o polimorfismo de nucleotideo Unico (SNP), em que ha a alteracéo
de uma Unica base, seja em sua substituicdo ou exclusdo?®’, com localizacdo em
uma regido particular e especifica do genoma3".

Ha estudos em concordancia com grupos europeus e americanos, que
demonstraram que polimorfismos em genes candidatos relacionados ao sistema
imune foram associados a maior chance de desenvolver a P3234 Como
mencionado no subitem anterior, ha estudos de GWAS que demonstraram forte
evidéncia da predisposicdo ou suscetibilidade genética isoladamente a
Periodontite Cronica®®>3” bem como ao DM238:3,

Assim, é plausivel supor que haja uma combinacdo de fatores genéticos
que favoregcam o desenvolvimento de ambas doencgas. Genes que atuam no

desenvolvimento de diferentes doencas sdo chamados “pleiotropicos”, e a
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comunidade cientifica tem buscado identificar se existe compartilhamento de
genes que contribuam simultaneamente para a ocorréncia de diferentes
doencas. Schaefer et al. (2009)*° identificaram o ANRIL (CDKN2B antisense
RNA 1) como o primeiro fator de risco genético compartilhado de doenca arterial
coronariana e periodontite agressiva®'. Essa associacéo foi posteriormente
replicada em varias populacdes independentes com periodontite agressiva e
periodontite cronica de ascendéncia alema e holandesa*?, em uma populacéo
alema e irlandesa do norte*3, e em uma populacéo turca**.

Os SNPs rs184003 no gene AGER, rs7593730 préximo ao gene RBMS1
e rs9472138 no gene VEGFA foram identificados como marcadores da DM24%>
47, Considerando as caracteristicas funcionais de cada gene e as evidéncias da
literatura como sendo marcadores importantes do DM2, utilizamos a ferramenta
de pesquisa (https://string-db.org/cgi/network) para verificar se ha interacédo
entre as proteinas codificadas por esses genes. A Figura 1 a seguir mostra que
ha interacdo entre as referidas proteinas, reforcando a hipétese que
conjuntamente possam estar associadas ndo somente com o DM2, mas também

com P.

Figura 1 - Interacdo entre as proteinas codificadas pelos genes AGER, RBMS1
e VEGFA
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Fonte: Elaboragdo proépria ultiizando a ferramenta disponivel em:

https://string-db.org/cgi/network.

O gene AGER (Advanced Glycosylation End-Product Specific Receptor)
(OMIM 600214) apresenta polimorfismos que podem ser responsaveis ou co-

responsaveis pelo desenvolvimento de doengas*®4°, Este gene foi identificado
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em 1994, tendo sua localizagdo no brago curto do cromossomo 6: 6p21.3. Este
locus esta ligado a respostas imunoldgicas e inflamatoérias, sendo também
considerado o locus principal do complexo de histocompatibilidade 1114°°°, O
gene AGER foi associado a inflamacao, estresse oxidativo e disfuncdo endotelial
que ocorre na DM2%1. O gene AGER é responsavel pela codificacdo do RAGE
(Receptor for Advanced Glycation End-products), que € um receptor de
superficie celular pertencente a superfamilia das imunoglobulinas. Sendo um
receptor multiligante, liga-se principalmente produtos finais (proteinas ou lipidios)
de glicacdo avancada (AGE). A interacdo entre RAGE e seus ligantes induz
algumas vias de sinalizag&o incluindo vias pro-inflamatérias, estando implicado
na suscetibilidade de muitas doencgas®?.

Foi verificada a associacdo do SNP rs184003 do gene AGER com a
suscetibilidade a P#*, DM*, Cancer de mama®®, Doenca das artérias
coronarias®. O SNP rs184003 do gene AGER também foi associado com o
indice HOMA-IR em pacientes com DM25%,

O polimorfismo rs7593730 proximo ao gene RBMS1 € localizado no
cromossomo 2g24.247. O gene RBMS1 (RNA Binding Motif Single Stranded
Interacting Protein 1), tem como funcéo a codificacdo de uma pequena familia
de proteinas que se ligam ao DNA/ RNA5%5, O RBMS1 esta envolvido também
na replicacdo de DNA, transcricdo génica, apoptose (morte celular programada)
e progresso do ciclo celular ao interagir com a proteina c-Myc®®. E um gene
bastante investigado e associado a alguns tipos de cancer, como carcinoma de
préstata®’ e cancer gastrico®®.

O gene RBMS1 é expresso em tecidos de importancia biologica para a
DM2 como musculo, coracéo, tecido adiposo e figado*’*°. Estudos corroboram
a associacdo do SNP rs7593730 no gene RBMS1 com a suscetibilidade ao
DM247:5559 N&o ha na literatura qualquer estudo investigando o SNP rs7593730
no gene RBMS1 em relagédo a P. O gene RBMSL1 foi verificado como responsivo
a inflamac&o®, como exemplificado por doencas crénicas inflamatérias como
Psoriase®! e Doenca Pulmonar Obstrutiva Cronica®?.

O gene VEGFA (Vascular Endothelial Growth Factor A), localizado no
cromossomo 6, codifica a proteina VEGFA®3, O SNP rs9472138 no gene VEGFA
€ associado com a suscetibilidade ao DM2 em diferentes popula¢gbes, como na

populacdo Chinesa Han'? e na populacédo do Cazaquistao®*.
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Considerando a caracteristica poligénica do DM2 e P, e do papel
pleiotrépico que alguns genes podem ter, nossa hipotese é que muitos genes e
suas variantes ainda merecem ser investigadas pois podem ser biomarcadores

moleculares do DM2, em conjunto a P.
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2 PROPOSICAO

O objetivo do presente estudo foi investigar polimorfismos em genes pré-
determinados na literatura cientifica como marcadores moleculares do Diabetes
mellitus tipo 2, para avaliar se estes estdo também associados com a
Periodontite. Tais polimorfismos também foram investigados se estdo

relacionados com parametros periodontais, perfil glicémico e lipidico do paciente.
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Abstract

Background: There is a strong interest of the scientific community to understand
interrelationships between Periodontitis (P) and systemic conditions such as
Type 2 Diabetes mellitus (T2DM). This study aimed to investigate polymorphisms
in genes considered as molecular biomarkers of T2DM, to assess whether they
are associated with P, also relating them to the periodontal status, glycemic and
lipid profile of the patient.

Material and Methods: We investigated patients with T2DM also affected by
Periodontitis (P+T2DM group, n = 206), patients affected by only P (Periodontitis
group, n = 346) and patients without any T2DM or P (Healthy group, n = 345).
The patients underwent complete periodontal examination and biochemical
evaluation. DNA from buccal cells of each patient was utilized for investigating
three single nucleotide polymorphisms (SNP) in the AGER, RBSM1 and VEGFA
genes. Periodontal and genetic results were analyzed among groups by multiple
logistic regression analysis, adjusting for covariates and also considering
stratifications by sex and smoking habits. Multiple linear regressions were
performed to investigate the association of genetic variants with glycemic, lipid
and periodontal parameters.

Results: Patients with TT genotype for the SNP rs7593730 (RBMSL1 gene), in
the recessive model comparing the Healthy vs Periodontitis group, were twice as
susceptible to Periodontitis (OR = 2.29; 95% CI = 1.04 — 5.01; P value = 0.033).
Regarding polymorphisms in the AGER and VEGFA genes, it was found that
patients who had never smoked, carriers of the CC genotype for AGER-rs184003
and VEGFA-rs9472138 had, respectively, 51% and 46% less susceptibility of
developing Periodontitis. AGER-rs184003-CA carriers had a higher percentage
of sites with visible plaque and AGER-rs184003-AA carriers had a lower number
of remaining teeth in the mouth. Regarding the VEGFA-rs9472138 gene, carriers
of the TT genotype showed a lower percentage of sites with characteristics of
active periodontal disease (bleeding on probing and CAL = 4-5mm).
Conclusions: It is concluded that in the studied population important genetic
variants considered markers for T2DM, such as rs7593730 (RBMS1 gene),
rs184003 (AGER gene) and rs9472138 (VEGFA gene) were associated with
isolated Periodontitis or Periodontitis together with T2DM.

Keywords: Polymorphisms, Genetic, Diabetes mellitus, Periodontitis, Biomarker,
GWAS.
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Introduction

Diabetes mellitus (DM) is a worldwide rapidly growing chronic metabolic
syndrome?, involving carbohydrates, lipids and proteins?3. The development of
DM is motivated by genetic predisposition, physical and social environments
and/or behavioral factors*, being classified as Type 1, Type 2, Gestational and
also related to other causes, for example, the use of drugs or induced by
chemicals, such as the use of glucocorticoids®. Diabetes mellitus Type 2 (T2DM)
occurs in more than 90% of DM cases®, and its increasing occurrence is largely
attributed to changes in lifestyle factors such as smoking’°, obesogenic
environments, aging and growing and rapid urbanizationi®!!, T2DM is a
metabolic disorder characterized by insulin resistance or deficiency, or both®?,
DM is strongly associated with Periodontitis, and it is well established as the sixth
major complication associated with DM*314,

Periodontitis (P) is a multifactorial chronic inflammatory disease. The
etiological factor of P is the dental biofilm in dysbiosis?®. It is characterized by the
progressive destruction of the dental support apparatus (periodontal ligament,
cementum and alveolar bone), which can lead to tooth loss. The main clinical
characteristics of P are: periodontal attachment loss presented by
radiographically assessed bone loss, presence of periodontal pockets and
gingival bleeding According to the 2017 International Workshop Periodontal and
Peri-Implant Diseases and Conditions new classification, P is classified into a
single category, i.e. the terms chronic and/or aggressive are no longer used, only
P being characterized based on its stage (I to 1V), and in degrees (A, B or C)*6.

Studies have confirmed the well-defined bidirectional relationship of P with
DM2, in which both conditions result from common underlying pathological
features, resulting in a strong association with each other. In this way, the control
or imbalance of one disease also influences the other”8. As reviewed by
Preshaw & Bisset (2019)'°, individuals with DM are more likely to develop
periodontitis with a two- to three-fold increase than those without diabetes. Also
in this same study, individuals with T2DM and P, had higher levels of glycated
hemoglobin (HbAlc) and worse complications of DM, and periodontal treatment
resulted in better glycemic control and reductions in HbAlc levels in individuals
with DM.
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DM2 and P are diseases characterized as polygenic?°, as they present the
contribution of many genes to a particular trait, unlike Mendelian diseases. In the
meantime, Genome-Wide Association Studies (GWAS) studies seek to identify
genetic polymorphisms associated with diseases. Genetic polymorphisms are
common variations in a given population, in which the rarest allele occurs at a
frequency greater than 1% ([MAF]> 1%)?%. Among the types of polymorphisms,
the single nucleotide polymorphism (SNP) stands out, in which there is an
alteration of a single base, either in its replacement or exclusion?2.

Through Genome-Wide Association studies (GWAS), at least 24 genetic
susceptibility loci have been reported for T2DM, including the rs9472138 SNP in
the VEGFA gene and the rs7593730 SNP?3. The rs9472138 SNP in the VEGFA
gene was also reviewed by Sanghera et al (2012)%4, and the rs7593730 SNP,
located at 2g24 near the RBMS1 gene?> was reviewed by Shu et al (2010)2¢ and
Sanghera et al (2012)%*. The SNP rs184003 in the AGER gene was associated
with susceptibility to P27, as well to DM?8, and was associated with the HOMA-IR
index in T2DM patients?®.

Considering the polygenic characteristic of T2DM and P, and the
pleiotropic role that some genes may have, there are many genes which should
be investigated. Therefore, this study aimed to investigate polymorphisms in
genes considered as molecular biomarkers of T2DM, to assess whether they are
associated with P, also relating them to the periodontal status, glycemic and lipid

profile of the patient.

Materials and Methods
Patient’s Selection

The study was approved by the Ethics in Human Research Committee of
the School of Dentistry at Araraquara (UNESP — S&o Paulo State University,
Araraquara, Brazil; Protocol number 50/06). The patients were recruited at the
Periodontics Clinic of the same Institution. All volunteers were informed about the
aims and methods of this study, and they provided their written consent to
participate.

Basic inclusion criteria were patient’s at minimum age of 30 years old who
had at least 15 natural teeth. Patients were excluded based on the following

criteria: history of antibiotic therapy in the previous 3 months and/or nonsteroidal
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anti-inflammatory drug therapy in the previous 6 months and pregnancy or use of
contraceptives or any other hormone. All patients answered a structured
questionnaire about demographic characteristics, personal and family medical
history, and use of medications. The patients underwent a physical examination
to assess waist circumference (cm), waist/hip ratio, body weight (kg), and height
(m) to derive the body mass index (BMI) in kg/m?2.

Periodontal clinical examination profiles

The periodontal examination was performed assessing the following
clinical signs and parameters at four interproximal sites around each tooth:
probing pocket depth (PPDi) and clinical attachment level (CALi), measured to
the nearest millimeter by a UNC-15 periodontal probe. The presence of visible
plague and marginal bleeding®, as well as bleeding on probing (BOP) were
recorded as a percentage of the total number of interproximal sites assessed.
Interproximal BOP (BOPI) was checked by the presence or absence of bleeding,
30 seconds after measuring the probing depth3t. All fully erupted teeth, except
the third molars and teeth with extensive destruction of the clinical crown, were
examined.

The patients were diagnosed with their periodontal condition as
periodontally healthy or mild periodontitis, or affected by periodontitis (moderate-
severe)®? 33, Such criteria have already been used in genetic studies3435,

A history of smoking was defined according to Miyake et al. (2014) as
follows: (i) never smoked or (ii) ever smoked (including patients who are current
smokers and former smokers)3®.

The needed sample size was calculated by the G* Power Calculator,

version 3.1.9.4% software, as detailed in the Supplementary material.

Biochemical evaluation of glycemic and lipid profiles

All blood samples were collected in the same Clinical Analysis Laboratory
(Community Service Center — UNESP) after at least 8 hours of overnight fasting,
to evaluate insulin levels by the chemiluminescence method (U/L), blood count
(ABX Micros 60), fasting plasma glucose (mg/dL) by modified Bondar & Mead
method, glycated hemoglobin (HbA1c) by enzymatic immunoturbidimetry (Roche
kit), triglycerides (TGs), Total Cholesterol and HDL by enzymatic methods. The
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VLDL and LDL fractions determined by the Friedewald formula. For the results of
the lipid profile, patients with at least one of the above-mentioned clinical
parameters are considered dyslipidemic according to the European Association
of Atherosclerosis®.

A subject was considered normoglycemic when presented HbA1c < 5.6%
and fasting glucose levels < 99 mg/dL, while subjects diagnosed by an
Endocrinologist with T2DM presented fasting plasma glucose concentration of
7.0 mmol/L (126 mg/dL) or higher and HbA1c = 6.5%. Individuals with T2DM were
divided in two groups: with poorly glycemic control (HbA1c = 7.1%) or well-
controlled demonstrating a metabolic compensation (HbA1c < 7.0%)%.

After the assessment of the glycemic and periodontal profiles and the
periodontal status, all the 897 selected patients were divided into 3 groups:
P+T2DM group comprising 206 individuals with T2DM and Periodontitis;
Periodontitis group containing 346 individuals affected by only moderate-severe
Periodontitis; and Healthy group containing 345 individuals systemically and

periodontally healthy.

DNA Extraction and Genotyping

The subjects made a mouthwash for 2 minutes with 3ml of 3% of dextrose
solution to obtain buccal epithelial cells, which were centrifuged at 2000 rpm for
10 minutes and stored in a buffer solution (TrisHClI 10mM, EDTA 0.1 M, SDS
0.5% - pH 8.0). After the proteinase K digestion, the DNA was extracted using
8M of ammonium acetate*°. The genomic DNA of each sample was evaluated for
concentration (ng/ul) and purity (260/280nm; 260/230nm) in the NanoDrop 2000
Spectrophotometer (Thermo Fisher Scientific, USA), followed by quantification

using the Qubit 2.0 fluorescence system (Fisher Scientific, USA).

All samples showed Azso230 and Azeor2go ratios between 1.7 and 2.0, and
concentration was adjusted to 50 ng/pL to genotype the SNPs in the genes
presented in the Table 1. Each of the 3 SNPs were analyzed by Real Time
Polymerase Chain Reaction (PCR) using TagMan® (Thermo Fischer Scientific,
Foster City, CA, EUA) systems. The amplification was performed in final volume
of 12.5 pL, containing 0.63 pl of the specific TagMan assay for genotyping each
referred SNPs (including forward and reverse primers and probes marked with

VIC and FAM, as presented in Table 1); 6.25 pl of TagMan® Genotyping Master
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Mix (2X TagMan®Genotyping Master Mix, Thermo Fisher Scientific), 20ng of
genomic DNA and DNAse/RNAse free water in enough quantity to complete the
final genotyping reaction. The following conditions were used for cycling the
SNPs on a gPCR thermocycler (StepOnePlus Real-Time PCR System - Thermo
Fisher Scientific): 95°C for 10 minutes, followed by 40 cycles of 95°C for 15
seconds, 60°C for 1 min. The genotyping analysis was performed with an online
software (Applied Biosystems™ Analysis Software, Genotyping Analysis Module,
version 3.2). The quality value of the data points for the genotyping was

determined by a threshold above 95%%*1.

Statistical Analysis

The general characteristics of each group were submitted to a descriptive
and analytical statistics using IBM SPSS Statistics 20.0, BioEstat 5.0 and
GraphPad Prism 8.4.3 software. First, all data was evaluated by normality tests
(D’Agostino & Pearson), and nonparametric tests (multiple comparison by
Kruskal-Wallis’ test followed by Dunn's test). The chi-squared test was used for
categorical variables (sex and smoking). To evaluate differences in the
periodontal parameters among the groups we used the Kruskal-Wallis followed

by Dunn’s test, or the Mann-Whitney test.

The Hardy-Weinberg equilibrium (HWE) formula was applied to the
genotype frequencies, separately for each group, using chi-square goodness-of-
fit for any deviations from the expected genotype equilibrium, as well the minor
allele frequency (MAF) was calculated separately for each group. For these
analyses and to detect differences in distributions of each SNP among the groups
it were used the PLINK software?.

Multiple logistic regression models assuming additive allelic effects,
adjusting for age, sex and smoking habits (as independent variables) were used

for testing associations between SNPs and:

e the occurrence of only Periodontitis (when comparing Healthy versus

Periodontitis groups);

e the occurrence of T2DM together with Periodontitis (when comparing
Healthy versus P+T2DM groups);

e the occurrence of T2DM together with Periodontitis (when comparing
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conjunctly normoglycemic individuals = Healthy + Periodontitis groups
versus P+T2DM);

e the occurrence of Periodontitis independently of T2DM (when comparing

conjunctly Periodontitis + P+T2DM versus Healthy individuals).

These gene-phenotype associations were estimated by odds ratio (OR)
and Confidence Interval (Cl) of 95%. Furthermore, the same analysis was
stratified by sex to identify the sex-specific effects of the SNPs on periodontitis,
by the additive model using multiple logistic regression adjusted by age and
smoking. Similarly, to identify the effects of smoking habits with those SNPs on
periodontitis, we stratified the population by smoking status and executed the
multiple logistic regression adjusting by age and sex. All the multiple logistic
regressions were performed by using the SNPStats software®3. Differences were

considered significant when p<0.05.

Results

It could be observed in the Table 1, that the genotypes of the three SNPs
investigated here (rs184003, rs7593730, rs9472138) were in the Hardy—
Weinberg equilibrium (HWE) in all the studied population as well as in the Healthy
group. The alleles showing the minor frequency in the Healthy, Periodontitis and
P+T2DM groups were in agreement with the minor allele frequency (MAF)
recorded in the European population (according to the 1000 Genome database,
accessed in July, 2, 2021). Excepting the AGER which was about twice more
frequent in Brazilians than in Europeans.

The Table 2 presents the demographic characteristics of the three groups
under study. A total of 1158 patients were screened, being selected 897
individuals according to the inclusion and exclusion requirements. The general
characteristics of the population is the presence of older patients in the T2DM+P
group and different frequency of male/female between Periodontitis and T2DM+P
groups (p < 0.02). Regarding smoking, there was significant difference between
the Healthy and Periodontitis groups (p <0.0001).

The T2DM+P group showed the highest percentage in Visible Plaque
Index (VPI), Marginal Bleeding (MB), Bleeding on Probing (BOP), Probing pocket
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Depth (PDi) 2 5 mm, Clinical Attachment Level (CALi) 4-5 mm and CALi = 6,
representing worst periodontal conditions when compared with Periodontitis
group. Better metabolic control and biochemical levels were observed in the
Periodontitis group than in the T2DM+P group. To assess the obesity in patients,
we calculated the Body Mass Index (BMI) and Waist-to-hip-ratio, which were also
higher in the T2DM+P group in comparison with the other groups (Table 2).

In the Table 3, it is possible to observe that the C allele of each SNP was
the more frequently found in every group. The Table 4 presented the multiple
logistic regression analyzes considering all the studied population adjusted for
age, sex, and smoking status. It was observed that there was significant
difference for the rs7593730 SNP (RBMSL1 gene), in the recessive model in the
Healthy vs Periodontitis group comparison, in which the T/T genotype presented
a twice susceptibility to Periodontitis (OR=2.29; 95%CIl = 1.04 - 5.01; P-value=
0.033). We observed that the Periodontitis vs P+T2DM group comparison
presented results with statistical significance for the T/T genotype in the
codominant model (OR= 0.28; 95% CI= 0.09 — 0.87; P-value = 0.04) and for the
T/T genotype in the recessive model (OR = 0.27; 95% CI = 0.09 - 0.84; P-value
=0.012) (Table 4).

In multiple logistic regression of polymorphisms within sex adjusted by age
and smoking status, there were no significant results for any of the studied groups
(Table 5). Table 6 presents the multiple logistic regressions of polymorphisms
within smoking adjusted by age and sex. It was observed that never-smokers in
the Healthy vs Periodontitis group comparison showed a significant association,
being carriers of rs184003-C/C (AGER gene) showing 51% less chance of
developing Periodontitis (OR = 0.49; 95% CI =0.32-0.75). Similarly, for rs184003-
C/C (AGER gene) in the Healthy vs P+ T2DM group comparison, never-smokers
had 49% less chance of developing P+T2DM (OR= 0.51; 95% CI = 0.30-0.87).
In agreement, considering the Healthy vs Periodontitis + P+T2DM group
comparison, never-smokers’ carriers of rs184003-C/C (AGER gene) showed
50% less chance of developing Periodontitis independently of T2DM (OR = 0.50;
95% CIl = 0.34-0.75). For the (RBMS1 gene) never-smokers carrying the
rs7593730-C/C showed 47% lower chance of developing Periodontitis (OR=0.53;
95% CI = 0.34-0.82) in comparison with the Healthy group. It was confirmed by
observing that never-smokers carrying the RBMS1-rs7593730-C/C had 43%
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lower chance of developing Periodontitis independently of the presence of T2DM
(Periodontitis + P+T2DM groups versus Healthy individuals) (OR = 0.57; 95% CI
= 0.37-0.87). When analyzing all normoglycemic individuals (Healthy +
Periodontitis groups) versus P+T2DM group, the statistical significance was
observed in RBMS1-rs7593730-C/T never-smokers which had 51% less chance
of developing P+T2DM (OR= 0.49; 95% CIl = 0.26-0.94). Finally, for the
rs9472138-C/C (VEGFA gene) in comparison with the Healthy group, never-
smokers had 46% lower chance of developing Periodontitis (OR=0.54; 95% CI =
0.34-0.87), as well as 43% lower chance of developing Periodontitis
independently of T2DM (when comparing conjunctly Periodontitis + P+T2DM
versus Healthy individuals) (OR=0.57; 95% CI = 0.36-0.88).

The Table 7 describes the results of the multiple linear regression analysis
of all subjects for effects of SNPs on glycemic, lipid and obesity parameters
(additive model adjusted by age, sex, and smoking habits). Significant direct
association was found between the rs7593730-CT SNP (RBMS1 gene) and Total
cholesterol (B coefficient regression = 14.61; 95% CI = 3.96 - 25.26; P-value =
0.007). In the Table 8 the multiple linear regression analysis for effects of SNPs
on periodontal parameters (additive model adjusted by age, sex, and smoking)
of all subjects demonstrated statistically significant direct association of the
rs184003-CA (AGER gene) with Visible Plaque Index (% of sites) (B coefficient
regression = 4.38; 95% CI = 0.21 - 8.55; P-value = 0.03). The rs184003-AA
(AGER gene) showed indirect association with Number of remaining teeth (B
coefficient regression = -2.3; 95% CI = -3.90 - -0.71; P-value = 0.005), meaning
that individuals carrying the AGER-rs184003-AA presented lower number of
remaining teeth. There were also indirect association of the rs9472138-TT
(VEGFA gene) with percentage of sites with Bleeding on pocket probing (B
coefficient regression = -8.92; 95%CI = -16.53 - -1.32; P-value = 0.02) and CAL
= 4-5mm ([ coefficient regression = -4.94; 95%CI =-8.88 - -1.01; P-value = 0.01).

Discussion

The present study demonstrated for the first time to our knowledge,
significant association of the rs7593730 SNP near the RBMS1 gene with isolated
Periodontitis and with Periodontitis together with T2DM. The RBMSL1 gene has
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been involved in inflammatory pathways?> 44 45, and it has been associated with
inflammatory burden diseases, such as psoriasis*® and chronic obstructive
pulmonary disease®’.

The multiple logistic regression analyzes, evidenced for all the studied
population that homozygous TT individuals for the RBMS1-rs7593730 SNP were
twice more susceptible to develop isolated Periodontitis. The present study is the
first to demonstrate this association. When it was investigated the Periodontitis
together with T2DM (P+T2DM), the comparison with the Periodontitis group
showed significant lower chance (about 70%) of homozygous TT carriers to
develop both diseases as comorbidities, both considering the codominant model
(OR= 0.28; 95% CI= 0.09 — 0.87; P-value = 0.04) and the recessive model (OR
=0.27;95% CI = 0.09 - 0.84; P-value = 0.012). The RBMS1-rs7593730 SNP has
been investigated in different populations affected by T2DM, since the T allele
was found as a T2DM risk-lowering by GWAS in a European population?®. Similar
significant association of the T2DM risk-lowering T allele was found in a Chinese
Han population*4. Here we also found the T allele in homozygosis as a lower risk
of T2DM together with Periodontitis, as comorbidities. Unfortunately, it is not
possible to make a direct comparison of this reported RBMS1-rs7593730 T2DM
risk-lowering T allele with the presently found T allele lower risk of
T2DM+Periodontitis, because we did not have a group comprised by individuals
affected by only T2DM. On the other hand, there is the potential that the risk-
lowering T allele previously associated with T2DM were actually associated
conjunctly with Periodontitis, since those T2DM individuals enrolled from
Consortia were not periodontally examined. Moreover, the less common allele
(T) which was associated with reduced T2DM risk showed the frequency of 0.23
in Europeans?®, which did not differ from the current MAF of Europeans (0.21)
and Brazilians (0.197) (Table 1). The similarity in the MAF frequency between
Europeans and Brazilians is interesting, which occurred despite the high
miscegenation of the Brazilian population®49,

Regarding the multiple logistic regressions of polymorphisms within
smoking, in fact the smoking covariant was not our main focus on the designing
of the study, but interesting results were obtained such as the association of the
RBMS1-rs7593730-CC with lower risk of Periodontitis as isolated or as
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comorbidity of T2DM (Table 6) in never-smokers in comparison with ever-
smokers.

Interestingly, the RBMS1-rs7593730 T2DM risk-lowering T allele was
related to lower levels of fasting glucose and/or HOMA-IR in Europeans?®. This
finding was confirmed for fasting insulin (P=0.010) in Han Chinese**. Noteworthy,
in Brazilians we found significant association of the RBMS1-rs7593730-CT
genotype with Total cholesterol (B coefficient regression = 14.61; 95% CI = 3.96
- 25.26; P-value = 0.007) by additive model adjusted by age, sex and smoking
habits.

Regarding the polymorphisms in the AGER and VEGFA, it was found that
never smokers’ carriers of each CC for AGER-rs184003 and VEGFA-rs9472138
were respectively 51% and 46% lower susceptible to develop Periodontitis. The
finding that these polymorphisms seemed to be influenced by the smoking habit
is also original, as well as the significant association with lower chance of
developing Periodontitis by this interaction.

In addition, carriers of the AGER-rs184003-CA present higher percentage
of sites with visible plaque and those carrying the AGER-rs184003-AA presented
lower number of remaining teeth. This suggests that the A allele of the rs184003
SNP seemed to be associated with the periodontitis phenotype, and this agrees
with the finding that AGER-rs184003-CC carriers showed lower susceptibility to
Periodontitis. Regarding the VEGFA-rs9472138, carriers of the TT genotype
demonstrated lower percentage of sites with characteristics of active periodontal
disease (Bleeding on probing and CAL = 4-5mm). It is interesting to make regular
follow-up of these individuals, and it is plausible to suppose that, whether
confirmed by future studies, that these individuals would suffer lower impact of
the periodontal tissue damage by the periodontitis. Considering that this data was
never reported before, this demands deep functional investigation to verify the
interrelationships among polymorphisms, periodontal parameters, and smoking
habits.

The main limitation of this study is the lack of a group comprised by
individuals affected by only T2DM, which prevents comparisons with other
groups. In fact, there is a high prevalence of periodontitis in patients with T2DM,
mainly among patients with the T2DM diagnosis for some years. Moreover,

despite we had chosen SNPs that were previously reported as molecular
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biomarkers of T2DM, it is known that the genes investigated here harbor a variety
of other SNPs, which might be the true causal SNPs. Therefore, the true
association might be due to variations located in other regions of the studied
genes, including SNPs in the vicinity.

In conclusion, relevant genetic associations were found in the studied
population, for the investigated SNPs rs184003 (AGER gene), rs7593730
(RBMS1 gene) and rs9472138 (VEGFA gene) gene biomarkers already
described for DM2, which showed behavior of relevance in susceptibility to
Periodontitis. Furthermore, multiple regression analyzes demonstrated important
associations between the biochemical profile and periodontal disease. More
studies are needed to confirm the association of genes in the occurrence in the
group with only T2DM to compare the behavior together or not with P, unveiling

the interconnected biological pathway of the diseases.
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Table 1 - Information regarding the genotyped polymorphisms and assays

HWE
Gene o MAF - MAF
SNP ID Symbol Gene Name Positiont, Alleles Estudo European All Assay ID
Healthy
Advanced
Glycosylation
GRCh37. 6: AA = _ 0.11
rs184003 AGER End I?roduct- 9.32150296C>A 0.164 A=0.08 0.12 C__ 2412456 _10
Specific
Receptor
RNA Binding
Motif; Single M- 0.52
rs7593730 RBMS1 Stranded GRCh37.2:9.161171454T>C 015;7 T=0.21 0'31 C_ 30739116 _10
Interacting ' '
Protein 1
Vascular
Endothelial . TT = _ 0.16
rs9472138 VEGFA Growth Eactor GRCh37. 6:9.43811762C>T 0.957 T=0.28 0.67 C__11400700_20

A

T Genome Reference Consortium Human Build 37 (GRCh37.p13) or hg19; Minor Allele Frequency (MAF -
European) https://www.ncbi.nlm.nih.gov/snp - accessed July 2, 2021; HWE: Hardy-Weinberg Equilibrium of
All subjects investigated here; or of Healthy group.

Fonte: Elaboracao prépria.
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Table 2. Demographic characteristic of the studied groups, periodontal clinical

parameters, glycemic and lipid profile and physical exams of all groups

HEALTHY

PERIODONTITIS

P+T2DM

Demographic Characteristics

n= 345

n= 346

n= 206

Age, Median (IQR)
Sex, n (%)

Male

Female

Smoking habits, n (%)
Former-Smoker

Never-Smoker

41.0 (35.0 - 50.7)2

110 (32%) ab
235 (68%) ab

76 (22%)2
269 (78%)?

48.0 (41.0 - 55.0)°

127 (36.8%)2
219 (63.2%)?

221 (64%)®
125 (36%)P

56.0 (50.0 - 62.0)°

52 (25.4%)ab
154 (74.6%)ab

61 (29.8%)2
145 (70.2%)2

Periodontal Parameters Median

(IQR)

Number of teeth

Visible Plague Index (% site)
Marginal Bleeding (% site)
BOPI (% site)

PPDi < 4mm (% site)

PPDi = 5mm (% site)

CALi < 3mm (% site)

CALi = 4-5mm (% site)

CALi 2 6mm (% site)

27.0 (24.0 - 28.0)2
20.3 (8.4 - 36.4)2
4.16 (0.0 - 11.8)2
1.00 (0.0 - 4.58)2
100 (100 - 100)2

0.0 (0.0 - 0.0)2

100 (99.0 - 100)2

0.0 (0.0 - 0.92)2
0.0 (0.0 - 0.0)2

24 (20.0 - 27.0)P
41.0 (19.5 - 65.4)
9.69 (1.78 - 24.3)p
25.0 (5.15 - 50.0)P
96.3 (85.2 - 100)P
3.63 (0.0 - 14.7)
81.9 (62.0 - 98.1)P
12.5 (1.75 - 25.0)P
3.72 (0.0 - 11.4)

215 (16.0 - 25.0)°
58.3 (36.7 - 77.9)°
10.1 (2.14 - 34.5)P
54.3 (27.2 - 74.7)°
87.2 (65.6 - 97.9)°
12.7 (2.02 - 34.4)°
58.3 (33.0 - 81.3)°
24.0 (11.3 - 34.2)¢
11.1 (2.53 - 30.6)°

Biochemical and Physical data
Median (IQR)

Fasting Blood Glucose (mg/dL)
HbAc (%)

Insulin (UI/mL)

Total Cholesterol (mg/dL)
HDL-Cholesterol (mg/dL)
LDL-Cholesterol (mg/dL)
Triglycerides (mg/dL)

BMI (kg/m?)
Waist-to-Hip-Ratio (cm)

92.0 (86.0 - 96.0)2
5.50 (5.20 - 5.70)2
7.40 (5.60 - 12.9)2
175 (152 - 198)2
55.0 (42.0 - 63.0)2
94.0 (78.0 - 121)2
107 (81.0 - 170)2
27.1 (22.6 - 29.4)2
1.15 (1.05 - 1.27)a

93.0 (87.7 - 98.2)a
5.55 (5.20 - 5.92)2
10.4 (6.65 - 17.0)2
174 (155 - 202)2
52.5 (41.5 - 62.5)a
99.9 (79.6 - 122)a
128 (85.2 - 203)aP
26.8 (24.2 - 29.7)a
1.12 (1.03 - 1.21)2

159 (118 - 228)p
7.90 (6.60 - 9.77)p
13.6 (9.30 - 28.2)P

194 (159 - 228)p
44.0 (37.0 - 55.5)
108 (70.1 - 149)

155 (106 - 255)b
30.1 (26.7 - 33.8)
1.04 (0.98 - 1.09)P

BOPiI= Interproximal Bleeding on Probing; P= Periodontitis; PPDi= Interproximal Probing Pocket Depth;
CAL= Level of Interproximal Clinical Attachment. Chi Squared test was used to determine differences among
groups for sex and smoking habits. Periodontal parameters and Biochemical and physical data = &2 ¢
Different letters means p< 0.05 (Kruskal-Wallis test, followed by the Dunn’s test). IQR=interquartile range

(25% percentile - 75% percentile).
Fonte: Elaboracéo prépria.



Table 3 -Allelic frequencies of each investigated gene

Healthy + Periodontitis +
AGER Healthy = Periodontitis P+T2DM Periodontitis P+T2DM
rs184003 n=344 n=345 n=202 n=690 n=547
Allele n (%) n (%) n (%) n (%) n (%)
C 573(0.83) 582 (0.84) 334 (0.83) 1156 (0.84) 916 (0.84)
A 115(0.17) 108 (0.16) 70(0.17) 224 (0.16) 178 (0.16)
RBMS1
rs7593730 n=340 n=344 n=189 n=685 n=534
Allele n (%) n (%) n (%) n (%) n (%)
C 545 (0.80) 545 (0.79) 313 (0.83) 1091 (0.80) 859 (0.80)
T 135(0.20) 143 (0.21) 65 (0.17) 279 (0.20) 209 (0.20)
VEGFA
rs9472138 n=345 n=346 n=206 n=692 n=552
Allele n (%) n (%) n (%) n (%) n (%)
C 513(0.74) 514(0.74) 305 (0.74) 1028 (0.74) 819 (0.74)
T 177 (0.26) 178 (0.26) 107 (0.26) 356 (0.26) 285 (0.26)

Fonte: Elaboracéo prépria.
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Table 5 — Multiple logistic regressions of polymorphisms within sex adjusted by age and

smoking status

39

Healthy vs
qgfgﬁ Healthy vs Healthy vs Periodontitis vs Healthy + Periodontitis Periodontitis +
" Periodontitis P+T2DM P+T2DM vs P+T2DM P+T2DM
Healthy + Periodontitis +
Healthy Periodontitis OR (95% Cl) P+T2DM OR (95% ClI) OR (95% ClI)  |Periodontitis OR (95% Cl) P+T2DM OR (95% Cl)
c/c 161 144 1.00 80 1.00 1.00 305 1.00 224 1.00
Female A/C 60 53 0.86 (0.54-1.35) 33 1.03 (0.58-1.83) | 1.09 (0.63-1.88) 113 1.02 (0.62-1.67) 86 0.91 (0.60-1.38)
A/A 11 8 0.85 (0.32-2.24) 5 1.44 (0.42-4.87) | 1.16 (0.35-3.82) 19 1.24 (0.42-3.59) 13 0.91 (0.38-2.20)
c/c 82 103 " 100 59 7 100 1.00 185 1.00 162 1.00
Male A/C 27 35 1.08 (0.59-1.98) 23 1.25(0.58-2.70) | 1.07 (0.56-2.07) 63 1.08 (0.58-1.99) 58 1.10(0.62-1.93)
A/A 3 2 0.85 (0.13-5.60) 2 1.25(0.08-19.40) [ 1.26 (0.11-14.51) 5 1.36 (0.15-12.30) 4 0.93 (0.16-5.32)
Test for interaction in Test for interactionin |Test for interaction in Test for interaction in the Test for interaction in
the trend: 0.83 the trend: 0.92 the trend: 1 trend: 0.99 the trend: 0.88
Healthy vs
RB’;’;;O Healthy vs Healthy vs Periodontitis vs Healthy + Periodontitis Periodontitis +
1975937 Periodontitis P+T2DM P+T2DM vs P4T20M P4T20M
Healthy + Periodontitis +
Healthy Periodontitis ~ OR (95% Cl) P+T2DM OR (95% Cl) OR (95% Cl)  |Periodontitis OR (95% Cl) P+T2DM OR (95% Cl)
c/c 146 135 1.00 73 1.00 1.00 281 1.00 208 1.00
Female c/T 78 56 0.78 (0.50-1.19) 35 0.95 (0.54-1.66) | 1.16 (0.67-1.99) 134 1.06 (0.65-1.73) 91 0.81(0.55-1.21)
T/T 7 11 1.75 (0.64-4.80) 4 1.68 (0.38-7.48) | 0.47 (0.13-1.65) 18 0.76 (0.23-2.51) 15 1.49 (0.56-3.99)
c/c 69 89 1.00 55 1.00 1.00 158 1.00 144 1.00
Male C/T 37 41 0.95 (0.54-1.68) 23 0.64 (0.30-1.36) | 0.95 (0.49-1.85) 79 0.81(0.44-1.51) 64 0.89 (0.52-1.52)
T/T 3 12 3.03 (0.80-11.42) 0 0.00 0.00 15 0.00 12 2.07 (0.55-7.88)
Test for interaction in Test for interaction in | Test for interaction in Test for interaction in the Test for interaction in
the trend: 0.72 the trend: 0.043 the trend: 0.2 trend: 0.09 the trend: 0.91
Healthy vs
‘;552228 Healthy vs Healthy vs Periodontitis vs Healthy + Periodontitis Periodontitis +
* Periodontitis P+T2DM P+T2DM vs P4T2DM P+T2DM
Healthy + Periodontitis +
Healthy Periodontitis OR (95% CI) P+T2DM OR (95% ClI) OR (95% ClI) |Periodontitis OR (95% ClI) P+T2DM OR (95% Cl)
c/c 132 112 1.00 64 1.00 1.00 244 1.00 176 1.00
Female C/T 87 85 1.12 (0.74-1.68) 50 1.07 (0.63-1.82) | 0.95 (0.58-1.56) 172 1.02 (0.65-1.60) 135 1.10(0.76-1.61)
T/T 15 7 0.47 (0.18-1.26) 5 0.41(0.12-1.42) | 1.30(0.38-4.48) 22 0.71(0.24-2.12) 12 0.49 (0.21-1.17)
c/c 60 72 1.00 46 1.00 1.00 132 1.00 118 1.00
Male /T 42 61 1.16 (0.67-1.99) 35 1.13 (0.56-2.26) | 0.89 (0.50-1.62) 104 0.91 (0.53-1.59) 9% 1.11 (0.67-1.86)
/T 9 9 0.93 (0.33-2.57) 6 0.81(0.23-2.92) | 1.11 (0.34-3.58) 18 1.08(0.37-3.11) 15 0.90 (0.35-2.33)
Test for interaction in Test for interaction in |Test for interaction in Test for interaction in the Test for interaction in
the trend: 0.64 the trend: 0.75 the trend: 0.97 trend: 0.79 the trend: 0.65

Fonte: Elaboragé&o prépria.
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Table 6 — Multiple logistic regressions of polymorphism within smoking adjusted by age

and sex
Healthy + Healthy vs
AGER Healthy vs Healthy vs Periodontitis vs Periodontitis vs Periodontitis +
15184003 Periodontitis P+T2DM P+T2DM P+T20M P+T2DM
Healthy + Periodontitis
c/c Healthy Periodontitis  OR(95% Cl) P+T2DM  OR(95% Cl) OR(95% Cl)  [Periodontitis ~ OR (95% CI) [+ P+T2DM OR (95% Cl)
Ever smoker 50 94 1.00 58 1.00 1.00 143 1.00 152 1,00
Never smoker 193 153 0.49 (0.32-0.75) 81 0.51(0.30-0.87) | 0.90(0.57-1.42) 347 0.65 (0.43-1.00) 234 0.50 (0.34-0.75)
A/C
Ever smoker 25 25 1.00 19 1.00 1.00 50 1.00 44 1,00
Neversmoker| 62 63 1.12(0.57-2.20)| 37  0.92(0.40-2.10) | 0.85(0.39-1.83) 126 0.81(0.40-1.61) 100  1.09(0.58-2.02)
A/A
Ever smoker 2 4 1.00 4 1.00 1.00 6 1.00 8 1,00
Never smoker 12 6 0.32(0.04-2.35) 3 0.44 (0.04-4.43) | 0.58 (0.07-4.78) 18 0.47(0.07-3.14) 9 0.32(0.05-2.01)
Test for interaction Test forinteraction [Test for interactionin Test forinteractionin Test for interaction
inthe trend: 0.2 inthe trend: 0.44 the trend: 0.74 the trend: 0.86 inthe trend: 0.22
Healthy + Healthy vs
RBMS1 Healthy vs Healthy vs Periodontitis vs Periodontitis vs Periodontitis +
r$7593730 Periodontitis P+T2DM P+T2DM P+T2DM P+T2DM
Healthy + Periodontitis
c/c Healthy Periodontitis  OR (95% Cl) P+T2DM  OR (95% Cl) OR(95% Cl)  [Periodontitis ~ OR (95% CI) [+ P+T2Dm OR (95% Cl)
Ever smoker 44 82 1.00 47 1.00 1.00 125 1.00 129 1,00
Never smoker| 171 142 0.53(0.34-0.82)| 81  0.62(0.35-1.08) | 1.11(0.68-1.80) 314  079(0.51-1.24) | 223  0.57(0.37-0.87)
c/T
Ever smoker 31 35 1.00 28 1.00 1.00 66 1.00 63 1,00
Never smoker 84 62 0.70(0.38-1.27) 30 0.51(0.24-1.10) | 0.61(0.30-1.25) 147 0.49 (0.26-0.94) 92 0.64(0.37-1.12)
T/T
Ever smoker 2 7 1.00 1 1.00 1.00 9 1.00 8 1,00
Neversmoker| 8 16 0.84(0.14-5.12) 3 1.77(0.09-36.52)| 0.85(0.07-10.31) 24 1.16(0.10-13.35) 19 0.82(0.14-4.97)
Test for interaction Test forinteraction [Test forinteractionin Test forinteractionin Test for interaction
inthe trend: 0.33 in the trend: 0.99 the trend: 0.16 the trend: 0.86 inthe trend: 0.54
Healthy + Healthy vs
VEGFA Healthy Vs Healthy Vs Periodontitis vs Periodontitis vs Periodontitis +
39472138 Periodontitis P+T2DM P+T2DM P+T2DM P+T2DM
Healthy + Periodontitis
c/c Healthy Periodontitis  OR(95% Cl) P+T2DM  OR(95% Cl) OR(95% Cl)  [Periodontitis ~ OR (95% CI) [+ P+T2DM OR (95% Cl)
Ever smoker 42 67 1.00 43 1.00 1.00 108 1.00 110 1,00
Never smoker 150 117 0.54 (0.34-0.87) 67 0.59(0.32-1.07) | 0.95 (0.56-1.59) 268 0.68 (0.42-1.10) 184 0.57 (0.36-0.88)
c/T
Ever smoker 31 50 1.00 37 1.00 1.00 81 1.00 87 1,00
Neversmoker| 98 96 0.74(0.43-1.29)| 48  0.63(0.32-1.23) | 0.70(0.39-1.26) 195  0.64(0.37-1.10) 144  0.70(0.42-1.17)
A
Ever smoker 5 5 1.00 3 1.00 1.00 10 1.00 8 1,00
Never smoker 19 11 0.68 (0.16-2.98) 8 0.67(0.10-4.33) | 1.48 (0.25-8.64) 30 0.92(0.19-4.51) 19 0.76 (0.20-2.94)

Test for interaction
inthe trend: 0.47

Test for interaction
inthe trend: 0.94

Test for interactionin
the trend: 0.82

Test forinteractionin
the trend: 0.94

Test for interaction
inthe trend: 0.54

Fonte: Elaboracé&o proépria.
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Table 7- Multiple linear regression analysis of all subjects for effects of SNPs on glycemic,
lipid and obesity parameters (additive model adjusted by age, sex and smoking)

Gene-SNP

AGER
rs184003
cc

CA

AA

RBMS1
rs7593730
cc

CcT

T

VEGFA

rs9472138

cc

cT

T

Fasting Glucose

adjusted Bt
(95% Cl)
Ref
-1,81
(-20.82-17.19)
-12,66
(-56.57-31.23)

Ref
4,33
(-13.72- 22.39)
-1,5

(-43.41- 40.41)

Ref
-8,19
(-25.05- 8.67)
-3,71

(-39.82- 32.39)

Insulin

p- adjusted Bt
value (95% ClI)
Ref
0,85 1,17
(-4.92-7.28)
0,57 2,98
(-10.79- 16.7)

Ref
0,63 -1,99
(-7.80-3.82)
-4,51
(-17.83 - 8.80)

0,94

Ref
0,34 3,12
(-2.41- 8.66)
0,84 0,1
(-11.83-12.1)

HbA1C

p- adjusted Bt
value (95% Cl)
Ref
0,7 -0,2
(-0.80- 0.39)
0,006
(-1.39- 1.41)

0,67

Ref
0,5 0,08
(-0.49 - 0.66)
0,15
(-1.20- 1.51)

0,5

Ref

0,26 -0,01
(-0.55-0.51)

0,85

(-0.29- 2.01)

0,98

Triglycerides
p- adjusted Bt
value (95% Cl)
Ref
0,51 1,52
(-30.69 - 27.6)
0,99 23,24
(-38.78- 85.2)
Ref
0,78 23,21
(-4.43 - 50.86)
0,82 -18,74
(-91.43-53.9)
Ref
0,95 13,29
(-11.92-38.5)
0,14 -44,96
(-100.4 - 10.5)

adjusted Bt
(95% Cl)
Ref
0,91

p-
value

6,09

(-5.45-17.63)
-8,79

(-33.34-15.7)

0,46

Ref

0,09 14,61
(3.96 - 25.26)

-14,32
(-42.31-13.6)

0,61

Ref
0,3 -2,86
(-12.92-7.19)
-2,77
(-24.95- 19.4)

0,11

Total Cholesterol

HDL

p- adjusted Bt
value (95% Cl)
Ref
4,13
0,3 (-3.08- 11.36)
-1,73

0,48 (-16.76 - 13.3)

Ref
-1,16
0,007 (-8.16 - 5.84)
6,31
0,31 (-11.53- 24.1)

Ref
-4,82
0,57 (-11.06 - 1.42)
-7,44
0,8 (-20.96 - 6.06)

LDL

p- adjusted Bt
value (95% Cl)
Ref
-0,8
0,26 (-18.87-17.2)
-15,81
0,82 (-55.11- 23.4)

Ref
13,65
0,74 (-1.97 - 29.28)
6,04

0,48 (-33.44 - 45.5)

Ref
13,41
0,13 (-2.28- 29.10)
7,98

0,27 (-42.80- 26.8)

BMI (m/Kg2)

p-  adjusted Bt p-

value (95% Cl) value
Ref

0,93 021 0,78
(-1.30- 1.73)

0,42 -0,23 09
(-3.85-3.38)
Ref

0,08 1,08 0,15
(-0.40 - 2.56)

0,76 -1,28 0,5
(-5.06 - 2.50)
Ref

0,09 0,76 0,26
(-0.59- 2.12)

0,65 -1,29 0,38
(-4.24-1.64)

Waist-to-Hip-Ratio

(cm)
adjusted Bt
(95% Cl)

Ref
-0,01
(-0.05-0.01)
-0,03
(-0.11- 0.05)

Ref
-0,01
(-0.05 - 0.02)
0,02
(-0.05-0.11)

Ref
-0,001
(-0.03- 0.03)
-0,01
(-0.07- 0.05)

p-
value

0,35

0,43]

0,41

0,48]

0,94]

0,75

Bold font indicates p < 0.05. B tthe regression coefficient with 95% CI were estimated by multiple linear regression models after controlling
for age, sex and smoking. Abbreviations: HbA1C: glycated hemoglobin HDL: High Density Lipoproteins, LDL: Low Density Lipoproteins;

BMI: Body mass index B, regression coefficient; Cl, confidence interval

Fonte: Elaboracao prépria.



42

Table 8 - Multiple linear regression analysis of all subjects for effects of SNPs on
periodontal parameters (additive model adjusted by age, sex and smoking)

Gene-SNP Number of Bleeding on Marginal Visible Plaque Index  Bleeding on pocket PPDi 25mm (% CALi =4-5mm CALi 26mm
remaining teeth Probing (% of sites) (% of sites) probing (% of sites) of sites) (% of sites) (% of sites)

AGER adjusted Bt p- adjusted Bt p- adjusted Bt p- adjusted Bt p- adjusted Bt p- adjusted Bt p- adjusted Bt p-

rs184003 (95% Cl) value (95% Cl) value (95% Cl) value (95% Cl) value (95% ClI) value (95% CI) value (95% Cl) value

cc Ref Ref Ref Ref Ref Ref Ref

CA -0,46 0,18 1,04 0,52 4,38 0,03 -0,02 0,99 1,91 0,1 0,59 0,57 1,01 0,36
(-1.13-0.21) (-2.15- 4.25) (0.21- 8.55) (-4.04 - 3.98) (-0.38-4.21) (-1.48- 2.67) (-1.15- 3.16)

AA -2,3 0,005 589 0,12 49 0,32 3,66 044 2,26 041 -0,32 0,89 2,56 0,32
(-3.90--0.71) (-1.64- 13.43) (-4.85 - 14.79) (-5791- 13.11) (-3.15- 7.68) (-5.23- 4.58) (-2.52- 7.65)

RBMS1

rs7593730

cC Ref Ref Ref Ref Ref Ref Ref

CcT -0,61 0,06 -1,27 0,41 -1,99 0,32 -0,32 0,87 1,03 0,35 -0,72 0,29
(-1.26- 0.38) (-4.34-1.78) (-5.99 - 2.00) (-4.16 - 3.52) (-1.16-3.23) (-2.73-1.27) 0,47 (-1.77- 2.37) 0,77

T -0,63 0,39 -0,99 0,77 7,97 0,08 552 0,21 3,04 0,22 2,23 1,74
(-2.10-0.84) (-7.91-5.92) (-1.06 - 17.00) (-3.15-14.21) (-1.92-8.02) (-2.28-6.75) 0,33 (-2.95- 6.43) 0,46)

VEGFA

rs9472138

cC Ref Ref Ref Ref Ref Ref Ref

CcT 0,42 0,17 2,39 0,1 1,01 0,59 -1,01 0,58 -1,12 0,28 0,04 -0,87
(-0.18- 1.03) (-0.48- 5.28) (-2.74-4.77) (-4.60 - 2.59) (-3.19- 0.95) (-1.82-1.91) 0,96 (-2.82 - 1.06) 0,37,

T -0,004 0,99 -3,81 0,21 -0,35 0,92 -8,92 0,02 -3,23 0,14 -4,94 -2,38
(-1.29- 1.29) (-9.88- 2.26) (-8.29-7.57) (-16.53 - -1.32) (-7.60- 1.13) (-8.88--1.01) 0,01 (-6.48 - 1.71) 0,25

Bold font indicates p < 0.05. 8 tthe regression coefficient with 95% CI were estimated by multiple linear regression models after

controlling for age, sex and smoking. Abbreviations:

attachment level, B: regression coefficient; Cl: confidence interval

Fonte: Elaboracgé&o proépria.

PPDi: interproximal probing pocket depth; CAL: interproximal clinical
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SUPPLEMENTARY MATERIAL

1. Material and Methods
1.1.Study subjects

To calculate the sample size needed for the study to have power to attest the
association between the alleles and periodontitis, the G * Power Calculator,
version 3.1.9.4%" program was used, considering the parameters: logistic
regression; two tail, OR: 1.5; Pr (Y =1/ X =1) HO = 0.2; alpha of 0.016 and 80%
power, R2 = 0. It is important to note that alpha = 0.05 was obtained from p =
0.05 divided by 3 SNPs. This calculation resulted in a total sample of 415 patients,
which could be 139 patients per group. Therefore, the genetic analyses in this
study have a power greater than 80%, since each studied group comprises more

than 139 patients.

Figure 1- Results obtained from the power size calculation with the GPower

software.

i, G*Power 3.1.9.4 - X
File Edit View Tests Calculator Help

Central and noncentral distributions  Protocol of power analyses

critical z = 2.408%92

4 T
0.4 ; -
Fs b
! hY
0.3 4 v W
! A}
! \
! hY
0.2 4 ’ \
ra A
/! \
0.1+ hY
A8 x N
e 2 \x
- - ~—
D T T T T T T T T T
== -2 -1 0 1 2 4 5
Test family Statistical test
Z tests ~ Logistic regression ~

Type of power analysis

A priori: Compute required sample size - given o, power, and effect size ~

Input Parameters

Tail(s) | Twao ~

Determine == Odds ratio
Pr(¥=11X=1) HO 0.2

o err prob 0016

Power (1-B err prob) 0.8

R2 ather X

Source: Own elaboration from the program G*Power Calculator, version 3.1.4%',

Output Parameters

Critical z 2.4089155
Total sample size 415
Actual power 0.3002018
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4 CONCLUSAO

Conclui-se que na populacdo estudada, os polimorfismos genéticos
considerados importantes marcadores de DM2, como rs7593730 (proximo do
gene RBMS1), rs184003 (gene AGER) e rs9472138 (gene VEGFA) foram
relevantes para a Periodontite. O RBMS1-rs7593730-TT foi associado a
suscetibilidade a Periodontite, 0 gen6tipo homozigoto CC de cada polimorfismo
em individuos que nunca fumaram foi associado a menor chance de desenvolver
Periodontite isoladamente ou conjuntamente ao DM2. Também foram verificadas
associacdo de RBMS1-rs7593730-CT com nivel de colesterol total, de AGER-
rs184003-AA com o numero de dentes remanescentes, e de VEGFA-rs9472138-
TT com sangramento a sondagem e perda do nivel clinico de insercéo 4-5mm.
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APENDICE A- MATERIAL E METODOS

Selecdo da amostra

Este estudo tem a aprovacdo do comité de Etica em Pesquisa em
humanos da FOAr — UNESP Protocolo 50/60 (Anexo A). Os individuos com
potencial para participarem desta pesquisa foram recrutados na Clinica de
Periodontia da Faculdade de Odontologia de Araraquara. Apos esclarecer a
natureza e os objetivos desta pesquisa, os individuos que mostraram interesse
em participar foram solicitados a assinar um Termo de Consentimento Livre e
Esclarecido e foram examinados periodontalmente por periodontistas ligados a
esta pesquisa que estavam devidamente calibrados.

Os individuos portadores de Diabetes Mellitus tipo 2 (T2DM) tiveram tal
diagnostico do médico Clinico Geral ou Endocrinologista que realizava seu
tratamento e acompanhamento, sendo que muitos foram encaminhados a FOAr
pelas Unidades Basicas de Saude.

Apos ser verificado que o paciente se enquadrava nos critérios de inclusédo
para os parametros periodontais, este era instruido a realizar um exame de
sangue em data pré-agendada. Todos os participantes foram orientados a
realizarem um jejum de ao menos 8 horas antecedentes a realizacdo do exame
de sangue, e foram encaminhados ao Laboratério de Analises Clinicas: Nucleo
de Atendimento a Comunidade (NAC - UNESP) para realizacdo gratuita de
exames bioquimicos.

Para calcular o tamanho da populacdo necesséria para que o estudo
tenha poder suficiente de atestar a associacao do(s) alelo(s) com a P foi utilizado
o programa G*Power Calculator, versdo 3.1.9.4%, considerando os parametros:
regressao logistica; two tail, OR: 1.5; Pr(Y=1/X=1) HO = 0,2; alfa de 0,016
(p=0,05/ 3 SNPs) e poder de 80%, R2 = 0. Este calculo resultou em uma amostra
total de 415 pacientes (Figura 1). Com o “Total sample size” de 415,
considerando 3 grupos teriamos o valor por grupo de 138,3. Arredondando para
139 pacientes por grupo, a amostra total seria de 417 pacientes. Deste modo,
como cada um dos grupos estudados aqui € maior que 138, o nivel de confianca
do nosso estudo ficou maior que 80%, demonstrando suficiente poder estatistico

para nossos resultados de associacao genética.
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Figura 1 - Resultado do G*Power Calculator utilizando os parametros descritos

[y, G*Power 3.1.94 — *
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Fonte: Figura gerada pelo programa G*Power Calculator 3.1.9.4%.

Anamnese, Exame Fisico e Periodontal

Todos os pacientes foram submetidos a anamnese completa para avaliar
o historico de saude geral e bucal. Além disso também foram submetidos a
exame fisico para avaliar: circunferéncia abdominal (cm), proporgéo
cintura/quadril, peso (kg) e altura (m) para obtencédo do indice de massa corporal
(IMC) em kg/m? de cada individuo.

Foi registrado o histérico do paciente com relacdo a seus habitos
tabagistas. De acordo com Miyake et al. (2014)?, os pacientes foram
considerados como: nunca fumantes, ou com histérico de tabagismo (ou ever
smoked, incluindo pacientes fumantes e ex-fumantes). Foram considerados
fumantes individuos que fumavam diariamente por ao menos por 1 ano; e ex-

fumantes aqueles que pararam de fumar ha pelo menos 1 ano.
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O exame periodontal foi realizado com sonda periodontal (tipo Williams -
Trinity® — Campo Mourdo, Parana, Brazil), e foi composto de indice de placa
visivel (IPV), indice de sangramento marginal (ISM), sangramento a sondagem
(SS), mensuracao da profundidade de sondagem (PS), posicdo da margem
gengival e nivel de insercéo clinica (NIC) examinados em seis sitios (mésio-
vestibular, vestibular, disto-vestibular, mésio-lingual, lingual e disto-lingual) de

cada dente.

« Indice de placa visivel: presenca ou ndo de placa bacteriana visivel a olho

nu, apos secagem da superficie dentaria com jato de ar, em todas as faces
de todos os dentes?®

e Indice de sangramento marginal: presenca ou auséncia de sangramento

marginal apos percorrer o espaco do sulco de uma proximal a outra, com a
sonda periodontal milimetrada inclinada em 60 graus em relagcdo ao dente?

e Posicdo da margem gengival: distdncia da margem gengival a juncao

cemento-esmalte;

e Mensuracado da profundidade de sondagem: distancia da margem gengival

ao fundo do sulco gengival, medida com sonda periodontal milimetrada em
6 sitios por dente: disto-vestibular, vestibular, mésio-vestibular, disto-lingual,
lingual e disto-lingual;

\

e Sangramento a sondagem: presenca ou auséncia de sangramento,

decorrido 30 segundos depois de mensurada a profundidade de sondagem#

¢ Avaliacao do nivel clinico de insercéo: corresponde a somatéria das medidas

da posicdo da margem gengival e profundidade de sondagem, para cada

sitio de cada elemento dentario.

Apos o exame periodontal, os individuos foram classificados em dois
diferentes grupos conforme sua condi¢éo periodontal, de acordo com os critérios
definidos pela CDC/AAP (Centers for Disease Control and Prevention/ American
Academy of Periodontology)®®, Tabela 1. Tais critérios periodontais ja foram
utilizados em estudos de polimorfismos genéticos, incluindo estudos do tipo
GWAS para Periodontite”8.
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Tabela 1 - Classificacdo da Periodontite, de acordo com os critérios definidos pela CDC/AAP

Definicao Clinica

Classificacao NI PS
Grupo Healthy Periodontite leve @ Nao se enquadram nos critérios de periodontite severo ou moderada
Saudaveis
Periodontite i . i .
> > > >
Grupo moderada 2 2 sitios com Nli = 4mm E 2 2 sitios com PSi 2 5mm

Periodontitis Periodontite

2 2 sitios com NIli 2 6mm E 2 1 sitio com PSi = 5mm
Severa

*Exclusdo de terceiros molares. P: periodontite; PSi: profundidade de sondagem interproximal; Nli:
nivel de inser¢éo interproximal.

Fonte: Tese Doutorado Thamiris Cirelli®.

Avaliagcdo Exames Bioquimicos
Todos os participantes deste estudo foram instruidos a realizar jejum de

ao menos 8 horas previamente ao encaminhamento para o Laboratério de
Andlises Clinicas: Nucleo de Atendimento a Comunidade (NAC - UNESP) para
coleta de sangue por pungdo venosa para realizacdo gratuita dos seguintes
exames bioquimicos: Hemograma (ABX Micros 60), Insulina (método
guimiluminescéncia), Glicemia de Jejum (método Bondar e Mead modificado)
(Kit Labtest), HbAic (método de imunoensaio de inibicdo turbidimétrica) (Kit
Roche), Triglicérides (método enzimatico-Trinder) (Kit Labtest), Colesterol Total
(método enziméatico-Trinder) (Kit Labtest) e HDL-colesterol (método enzimatico)
(Kit Labtest). Foi utilizado o equipamento COBAS MIRA plus. As fracdes do
VLDL e LDL-colesterol foram calculadas segundo a equacédo de Friedewald
(valida se Triglicérides <400mg/dl) (Sociedade Brasileira de Cardiologia)?:

e Colesterol VLDL = triglicérides / 5

e Colesterol LDL= Colesterol Total — (HDL+VLDL)

De todos os resultados dos exames de sangue, uma copia era entregue
para o paciente. Os pacientes ja diagnosticados com T2DM que participaram
deste estudo levavam tais resultados para o meédico Clinico Geral ou
Endocrinologista que realizava seu acompanhamento, beneficiando-se destes
resultados para avaliagdo do seu tratamento. Referente aos pacientes

participantes com Periodontite, ao recebermos os resultados dos exames
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bioguimicos, quando observavamos resultados alterados do perfil glicémico e
lipidico, instruiamos 0 mesmo a buscar orientagdo meédica, levando os resultados

desses exames.

Conforme sua condi¢éo periodontal, os individuos foram classificados em
grupos de acordo com a Tabela 1. Os individuos sem T2DM apresentaram
glicemia de jejum < 99 mg/dL e HbA1c < 5.6%*. Considerando o diagnéstico
meédico, os portadores de T2DM apresentaram glicemia de jejum = 126 mg/dL e
foram divididos de acordo com o nivel de hemoglobina glicada (HbAlc) em:

e metabolicamente compensados os que apresentaram HbAcl < 7.0% e 2

5.8%11;

e metabolicamente descompensados o0s pacientes com T2DM que

apresentarem HbA1c 27,1%1%.

Os pacientes foram divididos conforme seus niveis glicémicos e seu perfil
periodontal nos seguintes Grupos:
e P+T2DM (n=206) — Individuos com diabetes mellitus tipo 2 e com
periodontite (moderada ou severa);
e Periodontitis (n=346) — Individuos sem diabetes mellitus tipo 2 e com
periodontite severa ou moderada,;
e Healthy (n=345) - Individuos sem diabetes mellitus tipo 2 e sem

periodontite.

Para os resultados do perfil lipidico, foram considerados como
dislipidémicos os pacientes que apresentaram alterados pelo menos um dos
seguintes parametros lipidicos, de acordo com a Sociedade Europeia de
Aterosclerose e Federacdo Europeia de Quimica Clinica e Medicina
Laboratorial'?:

e Colesterol Total (CT): Considerado alto para valores > 190 mg/dl.
e LDL (Low density lipoprotein): Considerado alto para valores > 115 mg/dl.
e HDL (High density lipoprotein): Considerado baixo para valores:

o Homens <40 mg/dI;

o Mulheres <45 mg/dI.
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Triglicérides (TG): Considerado alto para valores > 150 mg/dI.

Critérios de Incluséo e Exclusédo para cada grupo estudado
Referente ao Grupo P+T2DM:

CRITERIOS DE INCLUSAO: individuos com T2DM acima de 30 anos, de
ambos 0s sexos, com pelo menos 15 dentes na cavidade bucal e sem
distincdo grupo étnico-racial (pois a tentativa de isolar determinadas
caracteristicas raciais € dificil em um pais altamente miscigenado).
Apresentar periodontite conforme descrito na pagina anterior.

CRITERIOS DE EXCLUSAO: individuos com histéria de hepatite e
infeccdo por HIV, com anemia, com pré-medicacao antibiética nos ultimos
6 meses ou uso cronico de drogas anti-inflamatérias, além de pacientes

gravidas ou em lactagéo.

Referente ao Grupo Periodontitis:

CRITERIOS DE INCLUSAQ: individuos sem T2DM acima de 30 anos, de
ambos os sexos, com pelo menos 15 dentes na cavidade bucal e sem
distincdo étnico-racial (pois a tentativa de isolar determinadas
caracteristicas raciais € dificii em um pais altamente miscigenado).
Apresentar periodontite conforme descrito na pagina anterior.

CRITERIOS DE EXCLUSAOQ: pacientes com histéria de diabetes, hepatite
e infeccdo por HIV, com pré-medicagéo antibidtica recente ou uso cronico

de drogas anti-inflamatdrias, além de pacientes gravidas ou em lactacéo.

Referente ao Grupo Healthy:

CRITERIOS DE INCLUSAQ: individuos sem T2DM acima de 30 anos, de
ambos o0s sexos, com pelo menos 15 dentes na cavidade bucal e sem
distincdo étnico-racial (pois a tentativa de isolar determinadas
caracteristicas raciais é dificil em um pais altamente miscigenado). Sem
presenca de periodontite crénica conforme descrito na pagina anterior.

CRITERIOS DE EXCLUSAQ: pacientes com hepatite e infec¢do por HIV,
com pré-medicacdo antibidtica recente ou uso cronico de drogas anti-

inflamatorias, além de pacientes gravidas ou em lactagéo.



S7

Coleta de material bioldgico e extragdo de DNA

Foi solicitado a cada individuo que realizasse um bochecho com solugéo
de dextrose a 3% autoclavada por 2 min. Os tubos contendo o bochecho foram
mantidos resfriados (em caixa de isopor com gelo) do local da coleta até o
momento do processamento em laboratério. Cada tubo foi centrifugado a 2000
rpm por 10 min para separar o pellet de células que se despregam da mucosa
oral. A este pellet de células foi adicionado uma solu¢gdo Tampao (TrisHCI 20mM,
EDTA 0,1 M, SDS 0,5% - pH 8.0), sendo armazenado em freezer (-80°C) até a
finalizacdo das coletas de todos os individuos.

Para extracdo do DNA, como foi um grande numero de amostras, e €
necessaria alta qualidade do DNA, foi utilizado o método do acetato de aménio
a 8M1L Nesta técnica as amostras foram descongeladas, adicionado 5 uL de
proteinase K e incubado a 55°C por 2h. Em seguida adicionou-se 500uL de
acetato de amoénio 8M e centrifugou-se a amostra a 14.000 rpm por 10 mim a
25°C. Ao sobrenadante foi adicionado 540 uL de isopropanol e posteriormente
centrifugado a 14.000 rpm por 5 mim. Foram feitas 2 lavagens do pellet obtido
com etanol 70% para remover o isopropanol e centrifugou-se a 14.000 rpm por
5 mim. O pellet foi seco a temperatura ambiente e ressuspendido em 50 uL de
tampéo Tris-EDTA (TE).

O DNA genbmico de cada amostra foi avaliado quanto a concentracao
(ng/ul) e pureza (260/280nm; 260/230nm) no aparelho NanoDrop™ 2000/2000c¢c
Spectrophotometer (Thermo Fisher Scientific, USA), e foi armazenado a -20°C
até o momento da genotipagem. Em seguida, as amostras também foram

guantificadas pelo sistema de fluorescéncia Qubit 2.0 (Thermo-Fisher).

Genotipagem

Os 3 SNPs foram investigados por meio de reacdes de PCR (Polimerase
Chain Reaction) em Tempo Real com o sistema de genotipagem TagMan®
(Thermo-Fischer Scientific, Foster City, CA, EUA). Os alelos de cada SNP foram

discriminados com um ensaio especifico TagMan®, que possui primers e sondas
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especificas para cada alelo marcadas com os fluoréforos VIC e FAM, no qual, o
alelo 1 é marcado com VIC e o alelo 2 é marcado com FAM.

Assim, temos os resultados em VIC/VIC, VIC/[FAM ou FAM/FAM. Desta
forma, um individuo homozigoto para um alelo tem a emissdo de somente um
comprimento de onda (referente & sonda que se anelou no gene alvo), enquanto
para um individuo heterozigoto ha a emisséo de ambos os fluoréforos das duas
sondas empregadas para deteccdo do polimorfismo.

Esse método baseia-se na atividade 5’- endonuclease da Taq DNA
Polimerase para clivar uma sonda anelada durante a extensao do DNA. O sinal
de fluorescéncia é detectado quando as subunidades “quencher” e reporter” da
sonda se separam. A vantagem dos ensaios com TagMan é a facilidade, rapidez

na obtencéo e confiabilidade dos resultados.

O DNA genbmico de cada paciente foi acrescentado ao TagMan
Genotyping Master Mix (Thermo-Fischer Scientific, Foster City, CA, EUA) em
uma placa de 96 pocos e esta foi inserida no termociclador StepOne Real Time
PCR System (Thermo-Fischer Scientific, Foster City, CA, EUA) para realizacao

da reacdo de PCR em tempo real.

Cada reacdo de genotipagem foi realizada com: 0,63 pl do ensaio
TagMan especifico para genotipagem de cada referido SNPs (incluindo os
iniciadores direto e reverso e as sondas marcadas com VIC e FAM); 6,25 pl de
TagMan® Genotyping Master Mix e 20ng de DNA gendmico e agua DNAse
/IRNAse free em quantidade suficiente para completar 12,5 pL finais. As
seguintes condi¢cbes foram empregadas para ciclagem dos SNPs: 95°C por
10min, seguidos de 40 ciclos de 95°C por 15 segundos, 60°C por 1 min.

A visualizacdo grafica dos resultados foi dada pelo programa StepOne
System SDS Software que faz a correlacdo entre a fluorescéncia emitida com

cada alelo em especifico.
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Analise estatistica dos dados

Os dados demograficos e clinicos foram submetidos a analise estatistica
descritiva e analitica por meio do software IBM SPSS Statistics 20.0, SNPstats,
BioEstat 5.0 e GraphPad Prism 8.4.3. Inicialmente os dados foram avaliados
quanto a normalidade pelo teste de D’Agostino & Pearson, e em seguida,
aplicados testes ndo paramétricos (comparacdo multipla pelo teste de Kruskal-
Wallis seguido do teste de Dunn). O teste qui-quadrado foi usado para variaveis
categoricas (sexo e tabagismo). O teste de Kruskal-Wallis foi utilizado para
avaliar os parametros periodontais (numero de dentes, placa Vvisivel,
sangramento marginal, sangramento a sondagem, profundidade de bolsas
periodontais e perda de insercéo clinica interproximal) e gendtipo individual de
cada SNP independentemente.

A formula de equilibrio de Hardy-Weinberg (HWE) foi aplicada as
frequéncias genotipicas entre 0s sujeitos de controle para testar quaisquer
desvios do equilibrio genotipico esperado usando a adequacao do qui-quadrado.

As diferentes variaveis independentes binarias (Grupo Healthy vs.
Periodontitis; Grupo Healthy vs. Grupo Periodontitis moderada ; Grupo Healthy
vs. Grupo Periodontitis severa) foram usadas para determinar a associacao entre
cada SNP e o diagnostico de periodontite e da T2DM. Todas as analises de
associacado de caso-controle foram realizadas, as quais incluiram associacdes
alélicas e genotipicas. Os genétipos foram categorizados em trés Grupos (alelo
homozigoto principal — 11. Heterozigoto — 12. E variante homozigoto — 22).
Diferentes graus de gravidade da doenca (moderada ou grave) foram avaliados
pelo teste do qui-quadrado em quatro modelos: i) alelo 1 versus 2; ii) gendtipo
11 versus 12 versus 22 (modelo aditivo); iii) genétipo 11 + 12 versus 22 (modelo
dominante); e iv) gendtipo 11 versus 12 + 22 (modelo recessivo).

A associagao entre cada SNP com periodontite (moderada e severa) ou
T2DM (compensada ou descompensada) foi estimada como odds ratio (OR) e
intervalo de confianga (IC) de 95% por meio de regressao logistica multipla
ajustada por idade, sexo e tabagismo. Além disso, os polimorfismos genéticos
foram avaliados, através do modelo de regresséo logistica, separadamente pelo
sexo dos pacientes, para investigar a suscetibilidade a P, ajustada por idade e

tabagismo.
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