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Lopes MES. Influéncia da obesidade na progressao da doenca periodontal
experimental induzida em ratos: analise histologica, microtomografica e protedmica
[dissertacdo de mestrado]. Araraquara: Faculdade de Odontologia da UNESP; 2021.

RESUMO

Estudos tém sido conduzidos para se entender melhor os mecanismos moleculares
de progressdo da doenca periodontal nos diferentes tecidos periodontais. Porém, a
literatura ainda € escassa sobre a influéncia da obesidade nesses mecanismos. O
objetivo do presente estudo foi avaliar in vivo o efeito da obesidade na progressao da
doenca periodontal. Um total de 16 ratos foram distribuidos em 2 grupos
experimentais: grupo inducao de doenca periodontal experimental (P) e indugéao de
obesidade seguido de inducdo de doenca periodontal experimental (OP). A inducéo
de obesidade foi realizada com dieta rica em gordura por 90 dias. A massa corporal
dos animais foi registrada semanalmente. Apds 21 dias do inicio da inducédo da doenca
periodontal os animais foram sacrificados e os tecidos adiposos foram removidos e
pesados em balanca de precisdo. Andlise soroldgica foi realizada para observar o
perfil lipidico e os niveis de glicemia. Analise microtomografica foi realizada nas
hemimaxilas para medir o percentual de volume 06sseo alveolar (BVF), densidade
O0ssea alveolar (BMD) e analise linear de perda 6ssea. A perda 6ssea alveolar foi
mensurada histologicamente por histometria. A propor¢ao dos componentes teciduais
foi determinada histologicamente por estereometria. A composi¢cdo proteica do
ligamento periodontal foi avaliada através de analise protedmica. A partir desta
analise, foram selecionadas 3 proteinas com diferencas significantes entre os grupos,
e que apresentam funcdo relevante para o processo inflamatorio, para validacao de
sua presenca no ligamento periodontal por meio de imuno-histoquimica. Foi utilizado
teste estatistico t-student e adotado um nivel de significancia de 5%. Houve aumento
significativo da massa corporal e peso dos tecidos adiposos nos animais do grupo OP.
Os grupos nao apresentaram diferenca estatistica nas analises de perda 6éssea. Na
analise protedbmica, um total de 819 proteinas foram identificadas. Na condic¢ao clinica
de doenca periodontal associada a obesidade, as proteinas Spondina 1, Vinculina e
TRAP apresentaram-se em maior abundancia e foram selecionadas por sua
relevancia clinica. Concluimos que embora a obesidade ndo tenha favorecido a
progressao da doenca periodontal no parametro de perda 6ssea, a caracterizacao
proteica do ligamento periodontal em condi¢coes de doenga periodontal, associado ou
nao a obesidade, pode ser um método auxiliar de estudo para a identificacdo de novos
biomarcadores associados a doencas, demonstrando alteracfes moleculares e
favorecendo estudos para alvos terapéuticos para a doenca periodontal.

Palavras chave: Obesidade. Doencas periodontais. Perda do osso alveolar.
Proteinas. Ligamento periodontal.



Lopes MES. Influence of obesity on the progression of induced experimental
periodontal disease in rats: histological, microtomographic and proteomic analysis
[dissertacdo de mestrado]. Araraquara: Faculdade de Odontologia da UNESP; 2021.

ABSTRACT

Many studies have been conducted to understand better the molecular mechanism of
periodontal disease progression in different periodontal tissues. However, the literature
is limited on the influence of obesity on these mechanisms. This study aimed to
evaluate in vivo the effect of obesity on periodontal disease progression. Sixteen
Holtzman rats were distributed into 2 groups: ligature-induced periodontal disease (P),
and obesity induction followed by ligature-induced periodontal disease (OP). Obesity
was induced by a high-fat diet for 90 days. The body mass of the animals was recorded
weekly. After 21 days of the induction of periodontal disease, the animals were
sacrificed and the adipose tissues were removed and weighed on precision scales.
Serological analysis was performed to observe the lipid profile and blood glucose
levels. Microtomographic analysis was performed on the hemimaxillae to measure the
percentage of alveolar bone volume (BVF), alveolar bone density (BMD), and linear
analysis of bone loss. Alveolar bone loss was measured histologically by histometry.
The proportion of tissue components was determined histologically by stereometry.
The protein composition of the periodontal ligament was evaluated by proteomic
analysis. From this analysis, three proteins with significant differences between groups
and that have a relevant function in the inflammatory process were selected to validate
their presence in the periodontal ligament by immunohistochemistry. The statistical t-
student test was used and a 5% significance level was adopted. There was a significant
increase in body mass and adipose tissue weight in the animals of the OP group. The
groups showed no statistical difference in the analyses of bone loss. In the proteomic
analysis, a total of 819 proteins were identified. In the clinical condition of periodontal
disease associated with obesity, the proteins Spondin 1, Vinculin and TRAP were more
abundant and were selected for their clinical relevance. We conclude that although
obesity has not favoured the progression of periodontal disease in the alveolar bone
loss parameter, the protein characterization of the periodontal ligament in periodontal
disease conditions, associated or not with obesity, may be an auxiliary method of study
for the identification of new disease-associated biomarkers, demonstrating molecular
changes and favouring studies for therapeutic targets for periodontal disease.

Keywords: Obesity. Periodontal diseases. Alveolar bone loss. Proteins. Periodontal
ligament.
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1 INTRODUCAO

A obesidade é atualmente considerada uma doenca inflamatoria sistémica de
baixo grau com etiologia multifatorial, onde fatores de risco como a genética, infeccdes
ou alteragdes no ciclo circadiano podem contribuir a sua patogénese?!. Ocorre pelo
acumulo excessivo de tecido adiposo no corpo, e é definida quando o célculo de indice
de massa corporal (IMC) resulta em valor igual ou maior a 30kg/m22. A causa
fundamental da obesidade e do sobrepeso é um desequilibrio energético entre as
calorias consumidas e as calorias gastas. Segundo a Organizacdo Mundial da Saude,
os indices de sobrepeso e obesidade continuam a crescer em adultos e criancas. De
1975 a 2016, a prevaléncia de obesidade em criangcas cresceu de 4% para 18%
mundialmente. Dados de 2016 revelam que 13% da populacdo mundial era
considerada obesa, tornando esse um problema de sautde publica3.

Os tecidos adiposos produzem e liberam varias citocinas conhecidas como
adipocinas, por exemplo, visfatina, leptina, resistina e adiponectina, além de citocinas
pré-inflamatérias consagradas, como as interleucinas?. Essas adipocinas ndo sé
regulam a resisténcia a insulina e o gasto energético, como também 0s processos
imunoinflamatérios e de cicatrizacdo*®. Enquanto a adiponectina exerce efeito anti-
inflamatdrio, as demais adipocinas apresentam caracteristicas pré-inflamatérias®.

A adiponectina é responsavel por modular processos metabdlicos e imunes
através da inibicdo de citocinas pré-inflamatérias, como o TNFa, e pelo aumento de
citocinas anti-inflamatérias, como a interleucina-10 (IL-10)’. A resistina € uma
adipocina, originalmente encontrada no tecido adiposo, mas também liberada por
monaocitos, macrofagos e medula 6ssea. A caracteristica pro-inflamatoria da resistina
inclui a secrecao do fator de necrose tumoral (TNF-a) e interleucina-6 (IL-6), além de
interferir nos efeitos anti-inflamatérios da adiponectina®®. Além da resistina, niveis
elevados de visfatina tem sido detectado em fluido crevicular gengival e soro de
pacientes com doencga periodontal, sugerindo que a visfatina seja produzida no
periodonto e seja regulada por processo inflamatério'®-*2. Em um estudo in vitro do
nosso grupo foi demonstrado que as células do ligamento periodontal (hPDL)
produzem visfatina e que essa producédo esta aumentada em resposta ao estimulo
bacteriano por Fusobacterium nucleatum?3. A leptina é uma adipocina secretada no
tecido adiposo, e possui acdo no hipotdlamo modulando apetite e saciedade,
regulando o peso corporalt4. Além disso, atua em células imunolégicas, participando

em processos inflamatérios sistémicos e locais'>’. Os niveis séricos dessas
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adipocinas encontram-se elevados em pacientes obesos e em pacientes
apresentando outras condi¢cdes ou doencas inflamatérias 8-2°, Na doenca periodontal,
as adipocinas também estdo aumentadas no fluido crevicular gengival, sugerindo que
estas podem contribuir com a inflamacéo periodontal, aumentando, portanto, o risco
da doenca periodontal ou o0 comprometimento da cicatrizacédo periodontall®-12.21,

Sobrepeso e obesidade tém sido sugeridos como associados a doenca
periodontal devido aos efeitos na saude sistémica causados pela obesidade, afetando
a susceptibilidade do hospedeiro a periodontite devido a mediadores inflamatérios?2.
Uma das hipoteses é que o tecido adiposo, por ser um grande reservatorio de
mediadores inflamatérios, como citocinas e hormonios, participe na patogénese e
modulacéo da doenca periodontal®3. A periodontite € uma doenca inflamatéria cronica,
com alta prevaléncia na populacdo adulta, caracterizada por uma resposta
inflamatdria gengival contra uma microbiota bacteriana patogénica, resultando em
perda 6ssea alveolar e, eventualmente, perda dentaria?*.

A associacao entre obesidade e doenca periodontal foi relatada pela primeira
vez em animais em 1977 por Perlstein & Bissada?®, e em humanos em 1998 por Saito
et al?s.

No estudo de Perlstein & Bissada?®, foram utilizados ratos Zucker
hereditariamente obesos e induzido doenca periodontal através de ligadura.
Observaram que houve maior perda Ossea alveolar nos ratos obesos quando
comparados aos ratos ndo-obesos. Também notaram que apenas a obesidade nao
promove alteracfes patoldgicas no periodonto quando ha condi¢cao de saude bucal,;
porém, na presenca de fatores inflamatérios, como elevado acumulo de placa, animais
obesos apresentaram inflamacao mais severa.

Saito et al*® analisaram 241 pacientes portadores ou ndo de doenca
periodontal e/ou obesidade. Concluiram que a obesidade e a periodontite estédo
relacionadas, e que esta pode ser exacerbada por algumas condi¢cdes associadas a
obesidade, como por exemplo, resisténcia a insulina.

Estudos em animais!?"-32 vem sendo conduzidos para que possa haver melhor
compreensao entre obesidade e doenca periodontal; porém, esses estudos divergem
entre si quanto a metodologia adotada e também quanto aos seus resultados.

Simch et al?’ utilizaram dieta de cafeteria por 120 dias, com inducéo de doenca
periodontal com ligadura nos segundos molares superiores por 30 dias. Concluiram

gue o estabelecimento e progressao da perda 0ssea alveolar nao foi influenciada pela
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obesidade. Embora Zuza et al®! tenham utilizado a mesma metodologia para a
inducéo de doenca periodontal, concluiram que a obesidade induzida por uma dieta
rica em gordura influenciou o metabolismo 0sseo alveolar quando associada a
periodontite experimental, e causou uma resposta inflamatéria local e perda 6ssea
alveolar mais grave. Cavagni et al®® induziram a doenca periodontal por um periodo
de 30 dias, através de ligadura com fio de algoddo, e também obtiveram como
resultado uma maior extensao de destruicdo periodontal quando associada a inducao
de obesidade com dieta de cafeteria.

Diferente dos estudos anteriores, Virto et al' utilizaram dois patégenos para a
inducdo da doenca periodontal: Porphyromonas gingivalis e Fusobacterium
nucleatum, administrados através de gavagem oral por 4 dias consecutivos durante
12 semanas. Para a inducédo da obesidade foi utilizada uma dieta rica em gordura
durante 24 semanas. Como resultados, constataram o efeito da comorbidade,
demonstrando aumento da severidade periodontal e aumento da inflamacé&o
sistémica.

A avaliacdo da influéncia da obesidade em condicfes de periodonto saudavel
também é outro ponto a ser destacado. Damanaki®® e colaboradores em 2018
avaliaram através de microtomografia computadorizada as consequéncias de uma
dieta rica em gorduras na maxila e mandibula de camundongos. Como resultados
constataram que ndo houve diferenca na perda éssea alveolar na maxila de
camundongos obesos, quando comparado aos animais que receberam dieta padrao
para roedores. Porém, foi observada uma maior remodelacdo éssea na mandibula
dos animais obesos, exclusivamente na regido de primeiro molar. Esses resultados
corroboram os achados do nosso grupo3*, onde nédo foi observada diferenca
estatistica na perda 6ssea alveolar ao analisarmos a maxila de ratos, entre 0s grupos
controle e obesidade, em condicbes de saude periodontal. Porém, no estudo de
Cavagni®® e colaboradores, ap6és induzirem obesidade com dieta de cafeteria,
demonstraram uma maior perda Ossea alveolar na maxila de ratos obesos
comparados aos animais que ndo sofreram inducédo da obesidade. Esses achados
reforcam que os diferentes resultados encontrados podem estar associados as
diferencas metodologicas presentes.

Estudos em humanos também estdo sendo conduzidos para melhor
compreensao entre obesidade e doencga periodontal. Em reviséo sisteméatica realizada

por Martinez-Herrera et al®®, foram analisados 28 estudos: 19 estudos observacionais
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e 9 estudos clinicos avaliando a resposta ao tratamento periodontal. Dentre os 19
estudos observacionais, todos avaliaram a obesidade através do indice de massa
corporal, alguns associando também o valor da circunferéncia abdominal, relacéo
cintura/quadril e porcentagem de gordura corporal. Para a avaliacdo de periodontite,
parametros clinicos foram utilizados, dentre eles profundidade de sondagem, nivel de
insercéo clinica, indice de placa e sangramento a sondagem. Como resultado, 17
estudos apresentaram uma associacdo positiva entre doenca periodontal e
obesidade, demonstrando que individuos obesos possuem maior incidéncia de
doenca periodontal comparada a populacdo com peso normal, sugerindo que
sobrepeso e obesidade possam ser um fator de risco ao desenvolvimento ou piora da
periodontite.

Dos estudos clinicos encontrados na literatura e incluidos na revisdo
sistematica de Martinez-Herrera et al®®, que avaliaram o efeito da obesidade sobre a
resposta clinica ao tratamento periodontal, seis concluiram que a obesidade néo
exerce um efeito modificador negativo sobre o resultado do tratamento periodontal
nao cirdrgico, demonstrando que pacientes obesos ou ndo obesos respondem de
maneira similar ao tratamento periodontal. Em contraste, trés artigos sugeriram que a
obesidade exerce um efeito negativo sobre a resposta ao tratamento periodontal ndo
cirargico no parametro de profundidade de sondagem.

Além dos parametros clinicos analisados na progressédo da doenca periodontal,
biomarcadores estdo sendo amplamente estudados com o objetivo de auxiliar o
diagnédstico precoce e tratamentos para a doenca periodontal %6. Os biomarcadores
de proteinas podem ser aplicados na pratica a muitas fases da periodontite, desde o
inicio da doenca até seu desfecho clinico®’. Com isso, estudos moleculares focados
na caracterizacdo do proteoma na doenca periodontal vem sendo amplamente
realizados, como demonstrado na recente revisdo sisteméatica de Rizal e
colaboradores em 20203%8. A espectrometria de massa permite a caracterizacdo do
proteoma e correlacdes de condigdes clinicas. Também é indicado para o estudo de
doencas multifatoriais, como a periodontite3’. A andlise protedbmica nos traz
informacgdes acerca dos mecanismos reguladores celulares sobre o nivel proteico em
grande escala 3. Associado a andlise de bioinformatica, nos proporciona uma viséo
global e integrada de um conjunto de proteinas, onde podemos analisar suas
interacdes, modificacdes, localizacbes e funcdes*?. Através da andlise de ontologia

génica (Gene Ontology) visualizamos os resultados como redes, divididos entre os
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termos Processo Biologico, Funcdo Molecular e Componente Celular, que sé&o
agrupados com base no seu papel biolégico**. Dessa forma, sugerimos que um
estudo avaliando as alteracGes proteicas em condicdo de doenca periodontal e
obesidade possa corroborar o conhecimento que temos atualmente, além de contribuir
para um melhor entendimento do mecanismo de progresséao da periodontite associada
a obesidade.
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2 PROPOSICAO

2.1 Geral
O objetivo do presente estudo foi avaliar os efeitos da obesidade na progressao

da doenca periodontal experimental induzida em ratos.

2.2 Especificas

- Avaliar o processo inflamatorio nos tecidos periodontais de dentes submetidos
a inducdo de doenca periodontal em ratos obesos ou sistemicamente saudaveis;

- Avaliar densidade 6ssea alveolar, volume 6sseo alveolar e perda 6ssea
alveolar linear em dentes submetidos a inducdo de doenca periodontal em ratos
obesos ou sistemicamente saudaveis;

- Avaliar a composigao proteica do ligamento periodontal de ratos submetidos
a inducao de doenca periodontal experimental associada ou ndo a obesidade;

- Avaliar a presenca de proteinas selecionadas na analise prote6mica, no
ligamento periodontal de ratos sob indugcéo de doenca periodontal experimental em

condicao de saude sistémica e de obesidade.
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3 PUBLICACAO

O presente estudo gerou um artigo que sera submetido na revista International
Journal of Molecular Sciences, e sera apresentado a seguir de acordo com as normas
da revista.

Obesity influences the proteome of periodontal ligament tissues following

periodontitis induction in rats

Maria Eduarda Scordamaia Lopes? Camila Chierici Marcantonio?, Rafael Scaf de
Molon?, Paulo Sérgio Cerri®, Cristiane Ribeiro Salmon¢, Luciana Souto Mofattod,
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ABSTRACT

Many studies have been conducted to better understand the molecular mechanism
involved with periodontitis progression. There has been growing interest in the
potential impact of obesity on periodontitis onset and progression, but the mechanisms
involved remain to be elucidated. The present study was designed to determine the
impact of obesity on experimentally-induced periodontitis in rats and identify novel
pathways involved. Sixteen Holtzman rats were distributed into two groups: ligature-
induced periodontitis (P), and obesity plus ligature-induced periodontitis (OP). Obesity
was induced by a high-fat diet for 90 days, whereas periodontitis was induced for 21
days. Data analysis (body weight, adipose tissue weight, and blood work) confirmed
obesity induction, whereas bone loss was confirmed by micro-CT and histologic
analyses. Proteome analysis from the periodontal ligament tissues (PDL) identified 819
proteins, 53 exclusive to the P group, 28 exclusive to the OP group, and 738 commonly
expressed. Validation was performed by immunohistochemistry for selected proteins
(Spondinl, Vinculin and TRAP). Histologically, it was found that obesity did not
significantly affect bone loss resulting from periodontitis. Altogether, the present study's
findings indicated that obesity might impact the proteome of PDL submitted to
experimental periodontitis, allowing for identifying potential targets for personalized
approaches.
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Obesity. Periodontal Diseases. Periodontitis. Proteomics. Periodontal Ligament.
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INTRODUCTION

Periodontitis is a chronic inflammatory disease of bacterial origin characterized
by the progressive destruction of the dental supporting tissues?. Periodontopathogens
and their bacterial components, such as lipopolysaccharide and toxins found in the
dental biofilm, induce an inflammatory reaction by stimulating host defense and
resident cells of the periodontium to produce and release inflammatory mediators.
These molecules trigger and maintain a chronic immunoinflammatory response in the
periodontium, leading to tissue loss and, eventually, tooth loss?. The level of several
inflammatory cytokines is elevated in the blood plasma and periodontally active sites,
which is reduced after periodontal treatment3-5, The tissue damage that occurs in
periodontitis is believed to be more associated with this exacerbated host immune-
inflammatory response than the direct effect of bacteria®. Due to its inflammatory
condition, periodontitis has been related to certain systemic conditions and diseases,
such as cardiovascular diseases, diabetes mellitus, rheumatoid arthritis, obesity and
metabolic syndrome, which act as modifying factors of the immune-inflammatory
process through a pathogenic mechanism of interaction between these diseases’®. A
systemic inflammation present in obesity may be a pathogenic connection between
this disease and other chronic diseases, such as periodontitis®1°12,

Obesity is characterized by excessive accumulation of adipose tissue, which
negatively impacts the individual's overall health. With the increase in the prevalence
of obesity worldwide, which approximately tripled between 1975 and 2016, this
systemic condition has become a major public health problem?. Adipose tissues
produce and release various cytokines known as adipokines, in addition to
proinflammatory cytokines'3. These adipokines regulate not only insulin resistance and
energy expenditure, but also immune-inflammatory and healing processes'4.

Periodontal ligament (PDL) is a soft connective tissue, highly vascularized and
cellularized, which joins the dental cementum to the alveolar bone, attenuating the
occlusal stresses. It has a high metabolic rate, cellular turnover and number of
fibroblasts with an elevated level of fibre production!®>6. Due to the presence of
mesenchymal stem cells, their capacity for regeneration has been widely studied'’.
Hence, the characterization of the protein profile of PDL in conditions of periodontitis,
associated or not to obesity, becomes an important point for identifying possible
biological markers of the association between comorbidities. Proteomic analysis has

been used in oral tissues, such as enamel'®, pulp®2°, gingival crevicular fluid®,
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periodontal ligament cells??, gingival tissue?32?4, dental cementum and alveolar bone?>,
promoting insights into their possible pathologies.

Therefore, this study aimed to evaluate the influence of obesity on the
progression of experimental periodontal disease induced in rats, emphasizing the
obesity effect on the proteomic profile of the periodontal ligament tissue during the

disease process.

MATERIAL AND METHODS
Experimental design

Experimental procedures followed all recommendations of the ARRIVE
guidelines and were approved by the Ethical Committee on Animal Experimentation of
the Sdo Paulo State University, School of Dentistry at Araraquara, Brazil (protocol
number 16/2015) (APENDICE A). From a previous study by our research group, the
sample size was calculated by analysis of variance based on microcomputed
tomography (microCT) analysis?®. Sixteen male Holtzman rats, average weight 300g,
were used. These animals were maintained in the University’s animal facilities in plastic
cages, under controlled temperature (22°C-25°C) with a 12-hour light/dark cycle, and
received a standard laboratory diet (Labina/Purina, Ribeir&o Preto, Brazil) or high-fat
diet and water ad libitum. The animals were divided into two experimental groups: 1)
ligature-induced periodontitis (P) and 2) obesity associated with ligature-induced
periodontitis (OP).

Obesity induction

The animals in the OP group received a high-fat diet (3.82 kcal/g) to induce
obesity. This diet was composed of standard rat chow plus peanuts, milk chocolate
and sweet biscuits, in a 3:2:2:1 ratio, and contained 13g of protein, 199 of total fat, 40g
of carbohydrate, 4g of fibre and 73mg of sodium per 100g of diet?”-?8, The high-fat diet
was provided daily and started 90 days before baseline when periodontitis induction

was initiated.

Periodontitis induction
General anaesthesia was performed with intramuscular injections of ketamine
hydrochloride 10% (0.08 mL/100 g body weight) and xylazine hydrochloride 2% (0.04

mL/100 g body weight). A cotton thread was placed around the upper first molars
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bilaterally and kept in place for 21 days to induce periodontitis. After this period, all

animals were euthanized by anaesthetic overdose.

Sample processing

The maxillary jaws were collected and separated in hemimaxillae for micro-CT,
histologic and proteomic analyses. Epididymal, mesenteric and retroperitoneal adipose
tissues were removed and weighed on a precision scale?”?8, For serum analysis, the
animals fasted for 12 hours before sacrifice. Blood was collected through cardiac
puncture and, after centrifugation (3000 rpm at 23°C for 10 minutes), the plasma was
analyzed for total cholesterol, triglycerides, high-density lipoprotein (HDL), low-density

lipoprotein (LDL) and insulin.

Micro-CT analysis

The hemimaxillae of all animals were fixed in 4% paraformaldehyde for 48 hours
and stored in 70% ethanol before micro-CT scanning (UCT Skyscan 1176; Bruker,
Kontich, Belgium). Scanning was performed using an x-ray generator operating at
50kVp, beam current at 500pA, with a 0.5mm aluminium filter and image resolution of
18um. The images were reconstructed using specific software (NRecon, version
1.6.1.5; Bruker) in all three dimensions. Data Viewer (version 1.4.3.1, Skyscan; Bruker)
and CTAnN (CT-Analyser software, version 1.10.1.0, Skyscan; Bruker) were used for
image reorientation and volumetric analysis, respectively. The volumetric
measurements were performed after selecting a region of interest (ROI) delimited from
the root apices of the first molar to the alveolar crest in the apical-coronal direction. In
the mesial-distal direction, the limits were the mesial face of the first and second
molars, and therefore all the alveolar bone around the first molars was included in the
ROI. Tooth roots and PDL were excluded from the ROI. The architectural parameter
evaluated were bone volume fraction (BVF) and bone mineral density (BMD). Linear
bone loss was measured by calculating the distance between the cementum-enamel

junction (CEJ) and the alveolar bone crest (ABC).

Histological analysis

Eight hemimaxillae per group were used to evaluate morphologic changes.
Tissue blocks were fixed in 4% paraformaldehyde for 48h, decalcified in EDTA (10%,
0.5M) for three months, and embedded in paraffin. Serial parasagittal sections of 4 um
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were obtained and stained with haematoxylin and eosin (HE). Two sections of each
tooth were selected for histometric and stereometric analyses. The images from
histological sections were taken using Leica DMLS microscopy (Leica DMLS;
Leica/Reichert Diastar Products & Jung, Wetzlar, Germany) at a magnification of 50x
for histometric analysis and 200x for stereometric analysis.

Histometric analysis was performed using an image-analysis system (Image J
1.37b; National Institutes of Health, Bethesda, Md), measuring the furcation bone area,
determined in the inter-radicular area of the maxillary first molars in a 1000 um zone
under furcation?®. In addition, the distance between CEJ to ABC was determined on
the distal surface of the maxillary first molars.

The stereometric analysis quantified the presence of fibroblasts, blood vessels,
bone, collagen fibres, inflammatory cells and other structures using a point-counting
technique?®. A grid with 252 intersection points was constructed using image editing
software (Adobe Photoshop CS6; Adobe System Incorporated, San Jose, Calif) and
overlaid on the digital images obtained from the histologic sections and positioned in

the furcation region.

Laser capture microdissection (LCM) and protein extraction

Samples (n=5) were collected and histologically processed to obtain serial
sections in a mesiodistal direction as previously described. Briefly, tissues were fixed
in a 10% buffered formalin (Fisher Diagnostics. Middletown, VA, USA) at 4°C for 24h,
rinsed three times in phosphate-buffered saline (PBS < pH 7.4, Applied Biosystems,
Foster City, CA, USA) for 30 min at 4°C and decalcified in 20%
ethylenediaminetetraacetic acid (EDTA, Merck/Millipore) for 30 days at 4°C under
agitation. Maxillae were trimmed, washed in PBS for 30 min at 4°C, dehydrated in
100% ethanol at 4°C for 30 min, diaphanized in xylene for 20 min at room temperature
and embedded in paraffin. Blocks were stored at -20°C. Serial 5 ym thick mesiodistal
sections of the first molar were obtained and mounted on polyethylene naphthalate
membrane glass slides (PEN, Applied Biosystems, Foster City, CA, USA). Sections
were deparaffinized and then immediately used for PDL microdissection as previously
described3!. Eight to ten sections per sample were microdissected, and the total
captured area was calculated and used to normalize the amount of tissue/protein for
liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis. Caps

containing the captured tissues were incubated at room temperature for protein
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extraction. Whole protein extracts were reduced as described previously*®. The
resulting tryptic peptide samples were equilibrated to pH 2.0 with formic acid. Peptide
mixtures were desalted and purified using microcolumns ZipTip® C18, P10 Pipette
Tips (Merck Millipore, Billerica, Massachusetts, USA), dried in a vacuum concentrator

and reconstituted in 0.1% formic acid for analysis.

LC-MS/MS and bioinformatics analysis

Peptide mixtures were analyzed on an LTQ-Orbitrap Velos ETD (Thermo
Scientific, Waltham, Massachusetts, USA) mass spectrometer coupled with Easy
NanoLC Il (Thermo Scientific, Waltham, Massachusetts, USA) ion source. Raw data
were accessed in the Xcalibur software (Thermo Fisher Scientific) and processed
using Proteome Discoverer (version 1.4.0.288, Thermo Finnigan, San Jose, CA, USA).
The MS/MS spectra (msf) generated from raw files were searched against the UniProt
Rattus_norvegicus_Protein Database. Proteins with at least two valid values in at least
two samples were considered for further analysis. Independent samples t-test was
applied to test differences in protein intensities between the P and OP sample groups.
Protein ratios were calculated from the average of normalized spectral protein
intensities. Gene Ontology (GO) enrichment analysis of identified proteins for each
experimental group was performed using the Functional Classification tool on the
PANTHER Classification System data analysis platform (PANTHER version 16.0,
released 2020-12-01, http://pantherdb.org/). The proteomic analysis of selected

proteins identified in the PDL tissues was confirmed by immunohistochemical and the
histochemical method of tartrate-resistant acid phosphatase (TRAP).

Immunohistochemistry (IHC)

Serial 4 um thick mesiodistal sections of the first molar were obtained and
mounted on silanized slides (Perfecta, Sao Paulo, SP, Brazil). IHC was performed
using an avidin-biotinylated peroxidase enzyme complex (ABC) based kit (Vector
Labs, Burlingame, CA, USA). The sections were incubated with the primary antibodies
Spondinl (1:200, bs-7520, Bioss) and Vinculin (1:50, LS-B5770, LifeSpan
BioSciences) at 4°C overnight. Negative controls lacking primary antibodies were
performed. Diaminobenzidine (DAB, Dako) was used as a chromogen substrate, and
the sections were counterstained with Carrazi’'s hematoxylin. Representative
photomicrographs of each analyzed area (mesial, distal and furcation) were taken at
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400x magnification using a digital camera (DP-71, Olympus, Tokyo, Japan) attached
to a light microscope (BX-51, Olympus) of each sample per group. The analysis was
performed by counting positive cells by an experienced researcher blinded to the

experimental groups.

TRAP enzyme staining

Sections were deparaffinized and incubated at 37°C in a medium prepared by
dissolving 140mg of Fast Red TR Salt (Sigma Chemical Company, St. Louis, MO),
20mg of Naphthol AS-BlI (Sigma Chemical Company) in 500ul of N, N-
dimethylformamide (Sigma Chemical Company) and 0,56g of Sodium Tartrate.
Following incubation, sections were washed in distilled water, counterstained with
Carazzi’'s hematoxylin and mounted in an aqueous medium. Photomicrographs of the
mesial, distal and furcation areas were taken at 400x magnification using a digital
camera (DP-71, Olympus, Tokyo, Japan) attached to a light microscope (BX-51,
Olympus). TRAP-positive cells were quantified by an experienced examiner blinded to

the experimental groups.

Statistical analysis

Intergroup comparisons were performed using the Student t-test (Graph-Pad
Prism 8 Software; Inc, La Jolla, San Diego, CA, USA) to compare clinical, micro-CT,
histological, immunohistochemistry and TRAP data at a significance level of 5%. In
addition, proteome data analysis was performed by the software R (R Foundation for
statistical computing, Vienna, Austria) and followed by the Student t-test (p<0.05).

RESULTS
Obesity induction

Data analysis showed that the OP group featured a significantly higher body
weight than the P group (p<0.05), as early as 1 week. Starting at three weeks after
obesity induction, the OP group displayed a 15% higher body weight than the P group,
with a difference of 21% at the last week, confirming the obesity induction3232 (Fig. 1,
A). In addition, animals that received a high-fat diet had significantly heavier
epididymal, mesenteric and retroperitoneal adipose tissue than the animals from the P
group (Fig.1, B). Furthermore, obese animals presented significantly increased

triglyceride levels and lower HDL levels (p<0.05) than non-obese animals. Data
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analysis further demonstrated that blood glucose levels were below diabetes
thresholds for all animals (>300 mg/dL)3* (Fig.1, C).

Alveolar bone loss and stereometric analysis

Micro-CT data analysis showed similar BVF and BMD values for both groups,
with no significant differences (p= 0.20 and p=0.17, respectively) (Fig.2, A). Further
data analysis showed that obesity did not impact the bone loss resulting from
experimental periodontitis (Fig.2, A-C, p>0.05) but revealed an increased number of
blood vessels in the OP group, indicating a potentially more intense inflammatory
response to the dental biofilm in the presence of obesity (Fig.2, D).

PDL proteome

A total of 819 proteins were detected. Of these, 53 exclusives to the P group,
28 exclusive to the OP group, and 738 proteins common to both groups. Out of these,
35 proteins presented a differential abundance between groups (Fig.3, C). The
Principal Component Analysis (PCA) evaluated the intrinsic variation among samples.
PDL samples from each group were homogeneous, with evident differences between
groups (Fig.3, D). Proteins in differential abundance with statistical significance
(p<0.05) in the P versus OP PDL samples were represented as Volcano plot (Fig.3 E),
showing 20 proteins from the P group and 15 proteins from the OP group. The heatmap
analysis illustrated the distribution of proteins in differential abundance, grouped into
two clusters (Fig.3, E-G).

GO analysis was performed using PANTHER software to identify enriched GO
terms and the grouping of proteins. Proteins in differential abundance identified in the
OP and P groups are discriminated in Tables 1 and 2, respectively, including Uniprot
accession number, gene name, the p-value (Student t-test) and fold-change. Proteins
were analyzed according to three aspects: Molecular Function (MF), Biological
Process (BP) and Cellular Component (CC). Proteins found exclusively in each group
are described in Tables 1S and 2S. The distribution according to the MF GO term
evidenced that the proteins in differential abundance of both groups are mainly
involved in binding (GO: 0005488) and catalytic activity (GO: 0003824) (Fig. 4, A and
Fig.5, A). In the P group, proteins are also involved in molecular adaptor activity (GO:
0060090) and transporter activity (GO: 0005215). In BP GO term, the majority of
proteins are involved in biological regulation (GO: 0065007), cellular process (GO:
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0009987) and metabolic process (GO: 0008152) (Fig.4, B and Fig.5, B). Intriguingly,
only in the P group proteins are involved in the immune system process (GO: 0002376)
and in response to stimulus (GO: 0050869). Proteins in the CC GO term are distributed
similarly involving cellular anatomical entity (GO: 0110165), intracellular (GO:
0005622) and protein-containing complex (GO: 0032991) (Fig.4, C and Fig. 5C).

Subcellular localization and expression pattern of selected proteins and TRAP
enzyme staining

The proteins Spondinl, Vinculin and TRAP, identified by proteomic analysis,
were confirmed by IHC and TRAP enzyme staining method. Furthermore, these
analyses showed a significant difference (p<0.05) in the number of positive cells
between the P and OP groups, as demonstrated in proteomic analysis, confirming the

presence of these proteins in the periodontal ligament tissues (Fig. 6).

DISCUSSION

In the present study, the influence of obesity on periodontitis progression was
assessed in rats. The results showed that obesity did not alter experimental
periodontitis progression (bone loss) within the study's experimental period (21 days).
In addition, the proteome signature of PDL tissues harvested from sites with
periodontitis revealed distinctions between P and OP groups, suggesting a potential
effect of obesity on the periodontal ligament response to the disease. To the best of
our knowledge, this is the first study using LCM and proteomic methodologies to
exclusively evaluate the effect of obesity, a systemic condition, on the molecular level
of the periodontal ligament. More than a metric analysis, evaluating the proteomic
profile allows a deeper interpretation of the potential risk of obesity for periodontal
disease.

The effect of obesity on periodontal disease progression is still controversial in
the literature. Some studies corroborate our findings, demonstrating that obesity has
no influence on bone loss in rats with ligature-induced periodontitis®33%36, On the other
hand, other studies indicate that the association of obesity with periodontal disease
results in more significant bone destruction®’-4, This divergence in the results may be
attributed mainly to the different methodologies used. Ligature-induced P promotes

greater accumulation of biofilm, acting as a niche for bacterial colonization. Associated
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with the local trauma caused by the insertion of the ligature, this methodology may
cause a more acute deleterious effect on periodontal tissue compared to induction with
oral gavage with periodontopathogens. Although it can be considered less traumatic,
oral gavage has reproducibility limitations, with different concentrations and types of
bacteria inoculated, and can vary from 10 days to 3 months of induction. In addition,
inducing obesity with a cafeteria diet may provide greater adherence of food to the
animal’'s tooth surface, resulting in more significant biofilm accumulation and
consequent tissue destruction when compared to using a HFD.

Another important point to be evaluated is the influence of obesity on healthy
periodontal conditions. In 2018, Damanaki*? and colleagues evaluated the effect of
obesity in mice with healthy maxillary and mandibular periodontium. Through
computed microtomography analysis, a decrease in the alveolar bone crest was
observed only in the mandibular first molar region, showing no differences in the
analyses in the maxilla. Similarly, in the study by Marcantonio et al?’ no differences
were found in alveolar bone volume fraction in the maxilla of rats after receiving HFD
compared to the standard diet group. Contrasting these findings, in 2016, Cavagni et
al*® demonstrated a greater alveolar bone loss in the maxilla of rats receiving cafeteria
diet. Such facts reinforce that the divergence of results present in the literature is
influenced by different methodologies adopted.

Obesity was confirmed in the animals of the OP group by the gradual and
significant increase in body mass and amount of adipose tissue, analyzed at the
euthanasia of the animals. In addition, the serological examination confirmed the
alteration in the lipid profile by the significant increase in triglycerides in the obese
group, corroborating previous studies?’3%43, Since obesity is closely related to
diabetes**, and considering the previously demonstrated effects of this disease on
periodontal disease*>#®, a blood glucose test was performed to avoid bias in this study.
Both groups showed low blood glucose levels?’, confirming that they had not
developed diabetes during the analyzed period, which could be a confounding factor
in interpreting our results.

The induction of periodontal disease within 21 days characterizes a chronic
disease. The ligature-induced P experimental model used in this study has been
extensively used in the literature by many research groups*-°°. As previously
demonstrated, the use of ligature to induce periodontitis promotes intense bone loss

and inflammatory response in the initial periods (7 days) with a consequent decrease
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over the days®®. This fact could explain the absence of statistical difference in the
stereometric analysis of the inflammatory process since there is an immunological
adaptation of the host in the chronic phase, even in the presence of obesity and its
subclinical inflammation. In addition, there is an apical migration of periodontal tissues
to recover the biological space, which would also explain the absence of statistical
difference in the assessment of bone loss. We emphasize that our results of histometric
analysis and morphometric measurements are in agreement, showing no differences
between groups in the analyzed period.

The divergent results found in the literature highlight the need for further studies
evaluating the influence of obesity on the progression of periodontal disease.
Therefore, specific analyses considering cellular and molecular changes in periodontal
tissues are helpful in the understanding of the mechanistic interaction of these
diseases. In this study, the proteomic analysis showed a significant difference in the
protein profile between the groups. Therefore, we directed the analysis to identify
significant differences in the expression of proteins relevant to inflammation and tissue
remodelling that could influence the evolution of periodontal disease. Comparing the
distribution of GOs between the groups, we note that only differentially abundant
proteins in the P group have a term associated with immune response, in BP GO
(immune system process G0O:0002376). This suggests and reinforces the hypothesis
that immune system dysfunction is one of the main contributors to obesity-related
changes®’. Obesity involves the impairment of both innate and adaptive immune
responses. Changes in immunity are associated with a negative impact of obesity
against infections, favouring the progression of chronic disease®®°. Thirty-five proteins
were presented in different abundance between the groups, 15 of them in the OP
group. We highlighted the proteins Spondin 1, TRAP and Vinculin, due to their clinical
relevance.

Spondin 1 (or F-Spondin) is a neuronal extracellular matrix glycoprotein and its
function in the periodontal tissue has been studied. Previously results demonstrate its
ability to promote the cementoblastic differentiation of periodontal ligament cells®® and
inhibit the differentiation of osteoclasts precursors, protecting the root surface from
resorption®t. Besides this anabolic effect on the cementum, a previous study has
demonstrated the presence of F-spondin in osteoarthritis cartilage, activating latent
TGF-b and promoting cartilage degradation through the PGE2 production

mechanism®2. A knockout mouse study pointed to Spondinl as a negative regulator of
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bone mass, showing that its deletion resulted in a local and systemic reduction of TGF-
b levels, increasing bone deposition and the expression of periostin®. Periostin is an
extracellular matrix protein with a critical role in the maintenance of periodontal
ligament. It has been shown that periostin expression is negatively regulated by F-
spondin overexpression, suggesting deleterious effects on the periodontal ligament®4.
In the present study, both proteomic analysis and immunolocalization of F-Spondin
confirmed its presence in the periodontal ligament in periodontal disease, which was
increased when associated with obesity. This fact highlights a local effects of obesity
in the periodontal ligament, suggesting possible influence in the disease progression.

Tartrate-resistant acid phosphatase (TRAP) is a metalloprotein with a relevant
clinical role as an indicator of inflammatory conditions, participating in bone
turnover®>¢, Although the morphological analyses did not show a statistical difference
in the amount of alveolar bone between the groups, the difference detected in the
proteomic analysis of the periodontal ligament suggests that the activity of osteoclasts
in the P group may have decreased in the analyzed period, but was maintained in the
OP group. This fact may be justified by the higher TRAP expression in animals that
received HFD, as demonstrated in previous studies®¢’, which could progressively
influence bone metabolism in subsequent periods.

Vinculin (VCL) is an actin-binding protein, a structural protein that participates
in cell adhesion and migration®. VCL was first associated with obesity in 2005°,
suggesting its increased abundance due to structural changes consequent to weight
gain and involvement in the lipid metabolism®:7%, Furthermore, since bone resorption
activity by osteoclasts depends on their cellular ability to organize their cytoskeleton, a
study suggests that VCL regulates osteoclast function’’. These results demonstrate
that VCL expression increases with osteoclastogenesis, regulating osteoclast function
and not formation’. Considering these previous studies and our results, we can
suggest that the higher abundance of VCL in the OP group is associated with obesity
and higher osteoclast activity.

Proteomic analysis studies evaluating periodontal disease are increasingly
being used to find new biomarkers related to the pathogenesis of periodontal disease,
expanding the knowledge of this complex process’. Previous proteomic studies
associating periodontal disease with obesity have been conducted, analyzing changes
in patient's saliva’®74. However, the present study is the first to evaluate protein

changes in periodontal ligament tissue in response to the association of periodontal
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disease and obesity. In this way, proteomics can be an additional study to
understanding the pathogenesis of diseases and their association, demonstrating
molecular alterations before clinical evidence, favouring the proposition of new

therapeutic strategies.

CONCLUSION

In the current study, bone loss resulting from experimental periodontitis was not
affected by obesity. In contrast, our proteomic approach revealed Spondin-1, Vinculin
and TRAP enzyme as potential modulators of the periodontal response to dental
biofilm when obesity is present. These findings provide insights into the potential
mechanisms involved with the periodontal response in obesity and shed light on these

factors as potential candidates for personalized therapies.

Acknowledgments

This project was supported by the Sdo Paulo Research Foundation (FAPESP, Grant
no. 2017/07137-2, 2014/20715-7, 2017/13851-0, 2018/23599-9) and the German
Research Foundation (DFG; DE no. 1593/5-1).

Conflicts of interest
The authors declare no potential conflicts of interest concerning the authorship and/or

publication of this article.



31

REFERENCES

1.

Gorska R, Gregorek H, Kowalski J, Laskus-Perendyk A, Syczewska M,
Madalinski K. Relationship between clinical parameters and cytokine profiles in
inflamed gingival tissue and serum samples from patients with chronic
periodontitis. J Clin Periodontol. 2003 Dec;30(12):1046-52.

Madianos PN, Bobetsis YA, Kinane DF. Generation of inflammatory stimuli:
how bacteria set up inflammatory responses in the gingiva. J Clin Periodontol.
2005;32 Suppl 6:57-71.

Gamonal J, Acevedo A, Bascones A, Jorge O, Silva A. Levels of interleukin-1
beta, -8, and -10 and RANTES in gingival crevicular fluid and cell populations
in adult periodontitis patients and the effect of periodontal treatment. J
Periodontol. 2000 Oct;71(10):1535-45.

Zhong Y, Slade GD, Beck JD, Offenbacher S. Gingival crevicular fluid
interleukin-1beta, prostaglandin E2 and periodontal status in a community
population. J Clin Periodontol. 2007 Apr;34(4):285-93.

Silva N, Dutzan N, Hernandez M, Dezerega A, Rivera O, Aguillon JC, et al.
Characterization of progressive periodontal lesions in chronic periodontitis
patients: levels of chemokines, cytokines, matrix metalloproteinase-13,
periodontal pathogens and inflammatory cells. J Clin Periodontol. 2008
Mar;35(3):206—14.

Yu H, Li Q, Herbert B, Zinna R, Martin K, Junior CR, et al. Anti-inflammatory
effect of MAPK phosphatase-1 local gene transfer in inflammatory bone loss.
Gene Ther. 2011 Apr;18(4):344-53.

Seymour GJ, Ford PJ, Cullinan MP, Leishman S, Yamazaki K. Relationship
between periodontal infections and systemic disease. Clin Microbiol Infect Off
Publ Eur Soc Clin Microbiol Infect Dis. 2007 Oct;13 Suppl 4:3-10.

Chaffee BW, Weston SJ. Association between chronic periodontal disease and
obesity: a systematic review and meta-analysis. J Periodontol. 2010
Dec;81(12):1708-24.

Johnson AR, Milner JJ, Makowski L. The inflammation highway: metabolism
accelerates inflammatory traffic in obesity. Immunol Rev. 2012
Sep;249(1):218-38.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

32

Martinez-Herrera M, Silvestre-Rangil J, Silvestre F-J. Association between
obesity and periodontal disease. A systematic review of epidemiological
studies and controlled clinical trials. Med Oral Patol Oral Cir Bucal. 2017
Nov;22(6):e708-15.

Deschner J, Eick S, Damanaki A, Nokhbehsaim M. The role of adipokines in
periodontal infection and healing. Mol Oral Microbiol. 2014;29(6):258—69.
WHO. World Health Organization. [Internet]. Available from:
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
Rasouli N, Kern PA. Adipocytokines and the metabolic complications of
obesity. J Clin Endocrinol Metab. 2008 Nov;93(11 Suppl 1):S64-73.
Adamczak M, Wiecek A. The adipose tissue as an endocrine organ. Semin
Nephrol. 2013 Jan;33(1):2-13.

Beertsen W, McCulloch CA, Sodek J. The periodontal ligament: a unique,
multifunctional connective tissue. Periodontol 2000. 1997 Feb;13:20-40.

de Jong T, Bakker AD, Everts V, Smit TH. The intricate anatomy of the
periodontal ligament and its development: Lessons for periodontal
regeneration. J Periodontal Res. 2017 Dec;52(6):965-74.

Liu J, Ruan J, Weir MD, Ren K, Schneider A, Wang P, et al. Periodontal Bone-
Ligament-Cementum Regeneration via Scaffolds and Stem Cells. Cells. 2019
Jun;8(6).

Mangum JE, Veith PD, Reynolds EC, Hubbard MJ. Towards second-
generation proteome analysis of murine enamel-forming cells. Eur J Oral Sci.
2006 May;114 Suppl:256-259,382.

Jagr M, Eckhardt A, Pataridis S, Foltan R, Mysak J, MikSik |. Proteomic
analysis of human tooth pulp proteomes - Comparison of caries-resistant and
caries-susceptible persons. J Proteomics. 2016 Aug;145:127-36.

Eckhard U, Marino G, Abbey SR, Matthew I, Overall CM. TAILS N-terminomic
and proteomic datasets of healthy human dental pulp. Data Br. 2015
Dec;5:542-8.

Tsuchida S, Satoh M, Takiwaki M, Nomura F. Current Status of Proteomic
Technologies for Discovering and Identifying Gingival Crevicular Fluid
Biomarkers for Periodontal Disease. Int J Mol Sci. 2018 Dec;20(1).

LiQ, Luo T, LuW, Yi X, Zhao Z, Liu J. Proteomic analysis of human

periodontal ligament cells under hypoxia. Proteome Sci. 2019;17:3.



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33

Bao K, Li X, Kajikawa T, Toshiharu A, Selevsek N, Grossmann J, et al.
Pressure Cycling Technology Assisted Mass Spectrometric Quantification of
Gingival Tissue Reveals Proteome Dynamics during the Initiation and
Progression of Inflammatory Periodontal Disease. Proteomics. 2020 Feb;20(3—
4):€1900253.

Yaprak E, Kasap M, Akpinar G, Kayaalti-Yuksek S, Sinanoglu A, Guzel N, et
al. The prominent proteins expressed in healthy gingiva: a pilot exploratory
tissue proteomics study. Odontology. 2018 Jan;106(1):19-28.

Salmon CR, Tomazela DM, Ruiz KGS, Foster BL, Paes Leme AF, Sallum EA,
et al. Proteomic analysis of human dental cementum and alveolar bone. J
Proteomics. 2013 Oct;91:544-55.

Nogueira AVB, de Molon RS, Nokhbehsaim M, Deschner J, Cirelli JA.
Contribution of biomechanical forces to inflammation-induced bone resorption.
J Clin Periodontol. 2017 Jan;44(1):31-41.

Marcantonio CC, Nogueira AVB, Leguizamon NDP, de Molon RS, Lopes MES,
Silva RCL, et al. Effects of obesity on periodontal tissue remodeling during
orthodontic movement. Am J Orthod Dentofac Orthop Off Publ Am Assoc
Orthod its Const Soc Am Board Orthod. 2021 Apr;159(4):480—-90.

Speretta GF, Silva AA, Vendramini RC, Zanesco A, Delbin MA, Menani J V, et
al. Resistance training prevents the cardiovascular changes caused by high-fat
diet. Life Sci. 2016 Feb;146:154-62.

Duarte PM, Goncalves P, Casati MZ, de Toledo S, Sallum EA, Nociti FHJ.
Estrogen and alendronate therapies may prevent the influence of estrogen
deficiency on the tooth-supporting alveolar bone: a histometric study in rats. J
Periodontal Res. 2006 Dec;41(6):541—-6.

Salmon CR, Giorgetti APO, Paes Leme AF, Domingues RR, Sallum EA, Alves
MC, et al. Global proteome profiling of dental cementum under experimentally-
induced apposition. J Proteomics. 2016 Jun;141:12-23.

Foster BL, Ao M, Salmon CR, Chavez MB, Kolli TN, Tran AB, et al.
Osteopontin regulates dentin and alveolar bone development and
mineralization. Bone. 2018 Feb;107:196—-207.

Svensson AM, Hellerstrom C, Jansson L. Diet-induced obesity and pancreatic
islet blood flow in the rat: a preferential increase in islet blood perfusion

persists after withdrawal of the diet and normalization of body weight. J



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

34

Endocrinol. 1996 Dec;151(3):507-11.

Simch RP, Gaio EJ, Rosing CK. Effect of body weight in the pathogenesis of
ligature-induced periodontal disease in Wistar rats. Acta Odontol Scand. 2008
Jun;66(3):130-4.

Aral CA, Kesim S, Greenwell H, Kara M, Cetin A, Yakan B. Alveolar bone
protective and hypoglycemic effects of systemic propolis treatment in
experimental periodontitis and diabetes mellitus. J Med Food. 2015
Feb;18(2):195-201.

Endo Y, Tomofuji T, Ekuni D, Irie K, Azuma T, Tamaki N, et al. Experimental
periodontitis induces gene expression of proinflammatory cytokines in liver and
white adipose tissues in obesity. J Periodontol. 2010 Apr;81(4):520-6.
Verzeletti GN, Gaio EJ, Linhares DS, Rdsing CK. Effect of obesity on alveolar
bone loss in experimental periodontitis in Wistar rats. J Appl Oral Sci.
2012;20(2):218-21.

Virto L, Cano P, Jiménez-Ortega V, Fernandez-Mateos P, Gonzalez J,
Esquifino Al, et al. Obesity and periodontitis: An experimental study to evaluate
periodontal and systemic effects of comorbidity. J Periodontol. 2018
Feb;89(2):176-85.

Amar S, Zhou Q, Shaik-Dasthagirisaheb Y, Leeman S. Diet-induced obesity in
mice causes changes in immune responses and bone loss manifested by
bacterial challenge. Proc Natl Acad Sci U S A. 2007 Dec;104(51):20466—71.
do Nascimento CM, Cassol T, da Silva FS, Bonfleur ML, Nassar CA, Nassar
PO. Radiographic evaluation of the effect of obesity on alveolar bone in rats
with ligature-induced periodontal disease. Diabetes Metab Syndr Obes.
2013;6:365-70.

Cavagni J, de Macedo IC, Gaio EJ, Souza A, de Molon RS, Cirelli JA, et al.
Obesity and Hyperlipidemia Modulate Alveolar Bone Loss in Wistar Rats. J
Periodontol. 2016 Feb;87(2):e9-17.

Zuza EP, Garcia VG, Theodoro LH, Ervolino E, Favero LFV, Longo M, et al.
Influence of obesity on experimental periodontitis in rats: histopathological,
histometric and immunohistochemical study. Clin Oral Investig. 2018
Apr;22(3):1197-208.

Damanaki A, Memmert S, Nokhbehsaim M, Sanyal A, Gnad T, Pfeifer A, et al.

Impact of obesity and aging on crestal alveolar bone height in mice. Ann Anat =



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

35

Anat Anzeiger Off organ Anat Gesellschaft. 2018 Jul;218:227-35.

Speretta GFF, Rosante MC, Duarte FO, Leite RD, Lino AD de S, Andre RA, et
al. The effects of exercise modalities on adiposity in obese rats. Clinics (Sao
Paulo). 2012 Dec;67(12):1469—-77.

Guh DP, Zhang W, Bansback N, Amarsi Z, Birmingham CL, Anis AH. The
incidence of co-morbidities related to obesity and overweight: a systematic
review and meta-analysis. BMC Public Health. 2009 Mar;9:88.

Preshaw PM, Alba AL, Herrera D, Jepsen S, Konstantinidis A, Makrilakis K, et
al. Periodontitis and diabetes: a two-way relationship. Diabetologia. 2012
Jan;55(1):21-31.

Nascimento GG, Leite FRM, Vestergaard P, Scheutz F, Lépez R. Does
diabetes increase the risk of periodontitis? A systematic review and meta-
regression analysis of longitudinal prospective studies. Acta Diabetol. 2018
Jul;55(7):653-67.

de Almeida JM, Theodoro LH, Bosco AF, Nagata MJH, Bonfante S, Garcia VG.
Treatment of experimental periodontal disease by photodynamic therapy in rats
with diabetes. J Periodontol. 2008 Nov;79(11):2156-65.

Jin Q, Cirelli JA, Park CH, Sugai J V, Taba MJ, Kostenuik PJ, et al. RANKL
inhibition through osteoprotegerin blocks bone loss in experimental
periodontitis. J Periodontol. 2007 Jul;78(7):1300-8.

Boas Nogueira AV, Chaves de Souza JA, Kim YJ, Damido de Sousa-Neto M,
Chan Cirelli C, Cirelli JA. Orthodontic force increases interleukin-18 and tumor
necrosis factor-a expression and alveolar bone loss in periodontitis. J
Periodontol. 2013 Sep;84(9):1319-26.

Taut AD, Jin Q, Chung J-H, Galindo-Moreno P, Yi ES, Sugai J V, et al.
Sclerostin antibody stimulates bone regeneration after experimental
periodontitis. J bone Miner Res Off J Am Soc Bone Miner Res. 2013
Nov;28(11):2347-56.

Hiyari S, Wong RL, Yaghsezian A, Naghibi A, Tetradis S, Camargo PM, et al.
Ligature-induced peri-implantitis and periodontitis in mice. J Clin Periodontol.
2018 Jan;45(1):89-99.

O’Boyle C, Haley MJ, Lemarchand E, Smith CJ, Allan SM, Konkel JE, et al.
Ligature-induced periodontitis induces systemic inflammation but does not alter
acute outcome after stroke in mice. Int J stroke. 2020 Feb;15(2):175-87.



53.

4.

55.

56.

S57.

58.

59.

60.

61.

62.

63.

64.

36

de Molon RS, Park CH, Jin Q, Sugai J, Cirelli JA. Characterization of ligature-
induced experimental periodontitis. Microsc Res Tech. 2018 Dec;81(12):1412—
21.

Fine N, Chadwick JW, Sun C, Parbhakar KK, Khoury N, Barbour A, et al.
Periodontal Inflammation Primes the Systemic Innate Immune Response. J
Dent Res. 2021 Mar;100(3):318-25.

ChenY, Yang Q, Lv C, Chen Y, Zhao W, Li W, et al. NLRP3 regulates alveolar
bone loss in ligature-induced periodontitis by promoting osteoclastic
differentiation. Cell Prolif. 2021 Feb;54(2):€12973.

de Molon RS, de Avila ED, Boas Nogueira AV, Chaves de Souza JA, Avila-
Campos MJ, de Andrade CR, et al. Evaluation of the host response in various
models of induced periodontal disease in mice. J Periodontol. 2014
Mar;85(3):465—-77.

de Heredia FP, GOmez-Martinez S, Marcos A. Obesity, inflammation and the
immune system. Proc Nutr Soc. 2012 May;71(2):332-8.

Sanz Y, Moya-Pérez A. Microbiota, inflammation and obesity. Adv Exp Med
Biol. 2014;817:291-317.

Maciel SS, Feres M, Gongalves TED, Zimmermann GS, da Silva HDP,
Figueiredo LC, et al. Does obesity influence the subgingival microbiota
composition in periodontal health and disease? J Clin Periodontol. 2016
Dec;43(12):1003-12.

Kitagawa M, Kudo Y, lizuka S, Ogawa I, Abiko Y, Miyauchi M, et al. Effect of F-
spondin on cementoblastic differentiation of human periodontal ligament cells.
Biochem Biophys Res Commun. 2006 Oct;349(3):1050-6.

Oka H, Mori M, Kihara H. F-spondin inhibits migration and differentiation of
osteoclastic precursors. J Periodontol. 2011 Dec;82(12):1776-83.

Attur MG, Palmer GD, Al-Mussawir HE, Dave M, Teixeira CC, Rifkin DB, et al.
F-spondin, a neuroregulatory protein, is up-regulated in osteoarthritis and
regulates cartilage metabolism via TGF-beta activation. FASEB J Off Publ Fed
Am Soc Exp Biol. 2009 Jan;23(1):79-89.

Palmer GD, Attur MG, Yang Q, Liu J, Moon P, Beier F, et al. F-spondin
deficient mice have a high bone mass phenotype. PLoS One.
2014;9(5):€98388.

Orimoto A, Kurokawa M, Handa K, Ishikawa M, Nishida E, Aino M, et al. F-



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

37

spondin negatively regulates dental follicle differentiation through the inhibition
of TGF-[ activity. Arch Oral Biol. 2017 Jul;79:7-13.

Lang P, van Harmelen V, Rydén M, Kaaman M, Parini P, Carneheim C, et al.
Monomeric tartrate resistant acid phosphatase induces insulin sensitive
obesity. PLoS One. 2008 Mar;3(3):e1713.

Cao JJ, Sun L, Gao H. Diet-induced obesity alters bone remodeling leading to
decreased femoral trabecular bone mass in mice. Ann N 'Y Acad Sci. 2010
Mar;1192:292—7.

Lorincz C, Reimer RA, Boyd SK, Zernicke RF. High-fat, sucrose diet impairs
geometrical and mechanical properties of cortical bone in mice. Br J Nutr.
2010 May;103(9):1302-8.

Bays JL, DeMali KA. Vinculin in cell-cell and cell-matrix adhesions. Cell Mol
Life Sci. 2017 Aug;74(16):2999-3009.

Barcel6-Batllori S, Corominola H, Claret M, Canals |, Guinovart J, Gomis R.
Target identification of the novel antiobesity agent tungstate in adipose tissue
from obese rats. Proteomics. 2005 Dec;5(18):4927-35.

Murri M, Insenser M, Bernal-Lopez MR, Perez-Martinez P, Escobar-Morreale
HF, Tinahones FJ. Proteomic analysis of visceral adipose tissue in pre-obese
patients with type 2 diabetes. Mol Cell Endocrinol. 2013 Aug;376(1-2):99-106.
Fukunaga T, Zou W, Warren JT, Teitelbaum SL. Vinculin regulates osteoclast
function. J Biol Chem. 2014 May;289(19):13554—-64.

Rizal MI, Soeroso Y, Sulijaya B, Assiddiq BF, Bachtiar EW, Bachtiar BM.
Proteomics approach for biomarkers and diagnosis of periodontitis: systematic
review. Heliyon. 2020 Jun;6(6):e04022.

Rangé H, Léger T, Huchon C, Ciangura C, Diallo D, Poitou C, et al. Salivary
proteome modifications associated with periodontitis in obese patients. J Clin
Periodontol. 2012 Sep;39(9):799-806.

Recker EN, Brogden KA, Avila-Ortiz G, Fischer CL, Pagan-Rivera K, Dawson
D V, et al. Novel biomarkers of periodontitis and/or obesity in saliva-An
exploratory analysis. Arch Oral Biol. 2015 Oct;60(10):1503-9.



38

FIGURES
Figure 1.
A) Mean and SD of the animals’ bodyweight of the in P and OP groups over the
experiment. B) Epididymal, mesenteric and retroperitoneal adipose tissue weight of
animals in P and OP groups are expressed as mean and SD. C) Mean and SD of lipid
profile and fasting glycaemia of P and OP groups. *Significant difference between

groups (t-test, p< 0.05).
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Figure 2.

A) Representative images of three-dimensional sagittal micro-CT views of maxillary
molars samples from each experimental group (P and OP). Micro-CT analyses of BVF
percentage and BMD measured in a selected ROI, and linear bone loss in the maxillary
first molars for each group. B) Mean and SD of linear bone loss measured by
histomorphometric analysis. Representative photomicrographs (50x magnification)
illustrating histological sections of the interproximal area between the 15t and 2" molars
of each group. C) Mean and SD of furcation bone area measured by histomorphometric
analysis. Representative photomicrographs (50x magnification) illustrating histological
sections in the furcation area of each group. D) Representative images used for the
stereometric analysis: lower magnification (50x) image shows the selected region in
the furcation area of the first maxillary molar and higher magnification (200x) image
with the grid used for structures counting. Mean and SD percentage of fibroblasts,
blood vessels, bone, collagen fibers, inflammatory cells and other structures.

*Significant difference between groups (t-test, p< 0.05).
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Figure 3.

Laser Capture Microdissection (LCM) and proteomic profile of P and OP groups. (A)
Representative histological section of rat maxillary jaw at 2x magnification before LCM
and after the capture of the periodontal ligament from the first molar. (B) Venn diagram
showing the distribution of the total proteins identified in both groups. (C) Principal
Component Analysis (PCA) presenting the distribution of all samples based on
normalized MS/MS peak area detection values from P (n=5) and OP (n=5). (D) Volcano
plot showing the abundant proteins determined by t-test (p < 0.05). Blue and orange
dots represent differentially abundant proteins in the P and OP groups, respectively.
(E) Heatmap graphic exhibiting the expression of 35 differentially abundant proteins in
each sample, grouped into two different clusters. Line graphs in (F) and (G) presenting

the means and standard deviations of the z-scores of the MS/MS peak area calculation

detection values for each cluster.
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Figure 4.

Analysis of the differentially expressed proteins in the OP group. List of proteins
differentially expressed, p-value and Fold-change are presented in Table 1. Pie charts
showing GO-Slim: Molecular Function, Biological Process and Cellular Component of
differentially expressed proteins, as a percentage of gene hit against the total number
of hits, using the Panther Functional Classification System.

Table 1. List of differentially expressed proteins in the OP group compared to the P

group.
Protein ID Description p-value Fold-change
(t-test) (OP/P)
BOBNAS5 Coactosin-like protein 0.001 9,34
BSDFD8  SH3 domain-binding glutamic acid-rich-like protein 0.005 3,10
D3ZFH5 Inter-alpha-trypsin inhibitor heavy chain 2 0.046 283
F1LQ48 Heterogeneous nuclear ribonucleoprotein L 0.015 2 44
16L9G6 RCG31562, isoform CRA_c 0.008 13.72
P29288 Tartrate-resistant acid phosphatase type 5 0.015 14,31
P35446 Spondin-1 0.007 3.03
P85515 Alpha-centractin 0.030 4,26
P85972 Vinculin 0.022 237
Q4Vv7C7 Actin-related protein 3 0.036 249
Q5XIP9 Transmembrane protein 43 0.027 471
Q641X3 Beta-hexosaminidase subunit alpha 0.001 7.96

Q641Y0 Dolichyl-diphosphooligosaccharide 0.048 2 66



A) Panther GO-Slim Molecular Function

B binding (G0:0005488)
W catalytic activity (GO:0003824)

B) Panther GO-Slim Biological Process

» biological adhesion (G0:0022610)
M biological regulation (G0O:0065007)
W cellular process (GO:0009987)

B metabolic process (G0:0008152)

C) Panther GO-Slim Cellular Component

46,7% cellular anatomical entity (GO:0110165)
M intracellular (GO: 0005622)
B protein-containing complex (G0:0032991)
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Analysis of the differentially expressed proteins in the P group. List of proteins

differentially expressed, p-value and Fold-change are presented in Table 2. Pie charts

showing GO-Slim: Molecular Function, Biological Process and Cellular Component of

differentially expressed proteins, as a percentage of gene hit against the total number

of hits, using the Panther Functional Classification System.

Table 2. List of differentially expressed proteins in the P group compared to the OP

group.

Protein ID

D3ZGT6

D3ZHV3
D37ZC1
D4A3K5
MORA79
P05964
P16036
P40241
P43278
P85125
Q61G02
Q6IMF3
Q9JHY?2
Q9QZR6

Description

Procollagen-proline, 2-oxoglutarate 4-
dioxygenase

Metallothionein
RCG43947
Histone H1.1
Ig-like domain-containing protein
Protein S100-A6
Phosphate carrier protein, mitochondrial
CD9 antigen
Histone H1.0
Caveolae-associated protein 1
Keratin, type Il cytoskeletal 2 epidermal
Keratin, type Il cytoskeletal 1
Sideroflexin-3
Septin-9

p-value
(t-test)

0.032
0.041
0.046
0.046
0.040
0.047
0.033
0.004
0.031
0.005
0.017
0.014
0.020
0.029

Fold-change
(P/OP)

3,38
6,87
3,86
2,39
3,81
6,77
6,63
29,89
5,38
4,21
50,61
7,52
3,28
4,89



A) Panther GO-Slim Molecular Function

B binding (GD:0005488)
catalytic activity (GO:0003824)

» molecular adaptor activity (GO:00600390)
transporter activity (GO:0005215)

B) Panther GO-5lim Biological Process
3,7%

7,4

B biological regulation (GO:0065007)

B cellular process (GO:0009987)

B immune system process (G0:0002376)

M interspecies interaction between
organisms (G0:0044419)

B localization (GO:0051179)

B metabolic process (G0:0008152)
response to stimulus (GO:0050898)

3,7% 3,7% W signaling (GO:0023052)
)
Panther GO-Slim Cellular Component

cellular anatomical entity (GO:0110165)
50,0% M intracellular (GO: 0005622)

B protein-containing complex (G0:0032991)
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Figure 6.

Validation of selected proteins identified by the proteomic analysis through
immunohistochemistry and TRAP staining analyses. Graphs of mean and SD showing
the number of positive cells for Spondinl (A) and Vinculin (B) IHC staining, and TRAP
staining (C) (p<0.05). Representative images (400x magnification) of negative control,
furcation area, mesial and distal proximal periodontal tissues of the first molars in tissue

sections from the P and OP groups.
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Supplementary Material

Table S1: List of exclusive proteins identified in the OP group.
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Protein ID Description

AOA0G2JUD?2 [Inorganic pyrophosphatase 1

AOA0G2JIX36 Ig-like domain-containing protein

AOAOG2K7F0 FA complementation group M

B2RZ08 RGD1563325 protein

B2RZ77 Dermatopontin

D3Z0QX3 Mitochondrial ribosomal protein S12

D3ZSE6 Gasdermin domain-containing protein

D3ZW78 F5/8 type C domain-containing protein

G3V735 Angiomotin-like protein 2

P01015 Angiotensinogen

P04762 Catalase
Dihydrolipoyllysine-residue acetyltransferase component of pyruvate

P08461 dehydrogenase complex

P15178 Aspartate--tRNA ligase, cytoplasmic

P45479 Palmitoyl-protein thioesterase 1

P62198 26S proteasome regulatory subunit 8
Dihydrolipoyllysine-residue succinyltransferase component of 2-

Q01205 oxoglutarate dehydrogenase complex,

Q3T114 Protein PRRC1

Q4G061 Eukaryotic translation initiation factor 3 subunit B

Q4KM38 RRM domain-containing protein

Q4V797 IRG-type G domain-containing protein

Q63270 Cytoplasmic aconitate hydratase

Q63357 Unconventional myosin-Id

Q63797 Proteasome activator complex subunit 1

Q64724 IGv domain-containing protein

Q68FQ6 IF rod domain-containing protein

Q6AY23 Pyrroline-5-carboxylate reductase 2

Q6P7C7 Transmembrane glycoprotein NMB

Q8CG08 Collagen triple helix repeat-containing protein 1




Table S2: List of exclusive proteins identified in the P group.
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Protein ID Description
AOA096MK61 Cartilage-associated protein-like 1
AOA0G2JW60 Utrophin
AOAO0G2K614 WH1 domain-containing protein
B2GV06 Succinyl-CoA:3-ketoacid coenzyme A transferase 1, mitochondrial
B4F7A5 CD99 molecule (Xg blood group)
B5DFD2 Ttll13 protein
D3ZEP5 Ig-like domain-containing protein
D3ZHG3 Protein tyrosine kinase 7
D3ZK86 Uncharacterized protein
D3ZM69 FERM domain-containing protein
D3ZMY8 PACT coil_coil domain-containing protein
D3ZY51 Plakophilin 1
D4A5F0 Family with sequence similarity 114, member Al-like 1
DA4AAR7 Coiled-coil domain-containing 136
D4AATA Sm domain-containing protein
D4AAZ6 60S ribosomal protein L37a
F1LMV6 SH3 domain-containing protein
F1LYI5 60S ribosomal protein L29
F1M9V7 Aminopeptidase
F1MAHG6 Cadherin 11
F7F1J0 LipocIn_cytosolic FA-bd dom domain-containing protein
G3V6S7 IL6Ra-bind domain-containing protein
G3Vv816 Nucleoside diphosphate kinase
MORBKA4 Ig-like domain-containing protein
035179 Endophilin-Al
P02764 Alpha-1-acid glycoprotein
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P08934 Kininogen-1
Succinate--CoA ligase [ADP/GDP-forming] subunit alpha,
P13086 mitochondrial
P15800 Laminin subunit beta-2
P17220 Proteasome subunit alpha type-2
P17764 Acetyl-CoA acetyltransferase, mitochondrial
P21575 Dynamin-1
P22509 rRNA 2'-O-methyltransferase fibrillarin
P23562 Band 3 anion transport protein
P43138 DNA-(apurinic or apyrimidinic site) lyase
PA43244 Matrin-3
P47967 Galectin-5
P49432 Pyruvate dehydrogenase E1 component subunit beta, mitochondrial
P97536 Cullin-associated NEDD8-dissociated protein 1
P97586 Cell growth regulator with EF hand domain protein 1
Q4KLL4 Transmembrane 9 superfamily member 4
Q5FVM4 Non-POU domain-containing octamer-binding protein
Q5FVQ4 Malectin
Q60587 Trifunctional enzyme subunit beta, mitochondrial
Q64057 Alpha-aminoadipic semialdehyde dehydrogenase
Q64375 Endoplasmic reticulum protein SC65
Q6AXQ0 SUMO-activating enzyme subunit 1
Q6JE36 Protein NDRG1
Q6MG60 N(G),N(G)-dimethylarginine dimethylaminohydrolase 2
Q6P6R2 Dihydrolipoyl dehydrogenase, mitochondrial
Q99NA5 Isocitrate dehydrogenase [NAD] subunit alpha, mitochondrial
Q9ES21 Phosphatidylinositide phosphatase SAC1

Q9WU82

Catenin beta-1
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4 CONCLUSAO

Através das analises de massa corporal, peso dos tecidos adiposos e analise
sorologica, podemos concluir que o método de inducéo de obesidade através de uma
dieta rica em gordura € eficaz, promovendo altera¢des teciduais e no perfil lipidico dos
animais que receberam essa dieta.

Nos parametros de destruicdo tecidual, analisados por microtomografia
computadorizada e analise histométrica, ndo observamos um efeito negativo da
obesidade na progressdo da doenca periodontal experimental, caracterizado pela
perda éssea alveolar, através do modelo de indugéo utilizado.

Na andlise de inflamacéo tecidual, realizada por analise estereométrica, foi
observada uma maior quantidade de vasos sanguineos no grupo com inducédo de
obesidade, sugerindo uma maior inflamagé&o na érea analisada.

A andlise protedmica permitiu uma identificacdo das diferencas no perfil
proteico do ligamento periodontal em condi¢do de doenca associada a obesidade. Os
resultados fornecem dados importantes para futuros estudos visando um melhor
entendimento da progressédo da doencga periodontal em individuos sistemicamente
saudaveis ou com obesidade. No presente trabalho, as proteinas pré-inflamatorias
Spondina-1, Vinculina e a enzima TRAP apresentaram produ¢cdo aumentada no
ligamento periodontal de animais obesos com doenca periodontal, sugerindo um
aumento do risco de destruicdo periodontal e progressao da doenc¢a na presenca da
obesidade, embora esse potencial agravamento ndo tenha se confirmado nas

condig¢des clinicas estudadas.
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APENDICE A

MATERIAIS E METODOS
Desenho experimental
Foram utilizados 16 ratos Holtzman machos (aprovacdo da comissao de ética - CEUA
n°16/2015, ANEXO A), com peso medio de 300g, mantidos no biotério da Faculdade
de Odontologia de Araraquara — UNESP, seguindo normas locais. Os animais foram
distribuidos em 2 grupos experimentais:

1- Grupo P (n=8). os animais foram submetidos a inducdo de doenca

periodontal experimental,
2- Grupo OP (n=8): os animais foram submetidos a inducdo de obesidade e

doenca periodontal experimental.

Inducéo de obesidade

Os animais do grupo OP receberam uma dieta hiperlipidica (3,82 kcal/g) para a
inducéo de obesidade. A dieta hiperlipidica consistiu de uma racéo especial preparada
manualmente, composta por racdo padrao para roedores, amendoim, chocolate ao
leite e bolacha maisena numa proporcdo de 3:2:2:1 como descrito anteriormente?.
Essa racéo contém 13g de proteinas, 40g de carboidratos, 19¢g de lipidios, 4g de fibras
e 73mg de sodio por 100g de racdo. O valor caldrico da dieta hiperlipidica é de
aproximadamente 3,82 kcal/g. A racdo preparada foi reposta diariamente. A inducao
da obesidade ocorreu 90 dias antes do momento zero (periodo de inicio da indugéo

de doenca periodontal) conforme timeline apresentado na Figura Al.

Figura Al — Descricdo do modelo experimental.

90 0 21
|

|
l |
|

|
I

dieta hiperliqidica I
[ 1

ligadura

Fonte: Elaboragéo propria.
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Inducéo de doenca periodontal experimental

Foi utilizado o0 modelo de indugéo de doencga periodontal por ligadura. Inicialmente os
animais foram submetidos a anestesia geral (0,08 mL de 10% ketamina e 0,04 mL de
2% cloridrato de xilasina por 100g de peso corporal) intramuscular na pata posterior e
foram posicionados em mesa operatéria. O modelo de ligadura foi obtido com a
colocacdo de um fio de algoddo ao redor dos primeiros molares superiores,
bilateralmente (Figura A2). Apds 21 dias, os animais foram sacrificados por overdose

anestésica.

Figura A2 — Ligadura de fio de algodao ao redor dos primeiros molares superiores, bilateralmente.

Fonte: Arquivo pessoal do autor.

Massa corporal
A massa corporal (em gramas) dos animais foi registrada semanalmente com o auxilio

de uma balanca de pesagem apropriada.

Tecidos adiposos
No momento da eutanasia dos animais, os tecidos adiposos: retroperitoneal,

epididimal e mesentérico foram removidos e pesados em balanca de preciséo.

Andlise soroldgica

Os animais permaneceram em jejum por 12 horas antes da eutanasia para que fosse
feita a coleta do sangue através de puncao cardiaca. Apos 20 minutos, o sangue foi
centrifugado por 3.000 RPM a 23°C, durante 10 min. Em seguida, o soro foi
encaminhado para o Laboratério de Analises Clinicas da Faculdade de Farmécia da

UNESP, onde foi realizada a andlise bioquimica do perfil lipidico - triglicérides,
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colesterol total, lipoproteina de alta densidade (HDL) e lipoproteina de baixa
densidade (LDL) - e para os niveis de glicemia em jejum.

Analise histoldgica

Apés o sacrificio dos animais, 8 hemimaxilas por grupo foram removidas e fixadas em
paraformaldeido 4%, por 48 horas. Apoés fixacdo, as hemimaxilas foram
desmineralizadas em solucdo de EDTA 10%, por 60 a 90 dias, para posterior incluséo
em parafina. Cortes histolégicos seriados de 4 ym de espessura foram obtidos no
plano sagital, montados em laminas e corados apropriadamente com hematoxilina e
eosina (H/E). As seccbes foram utilizadas para avaliacdo histométrica e
estereométrica em 2 cortes/animal. Estas analises foram realizadas por um
examinador cego e calibrado, com o auxilio de um microscopio de luz Leica DMLS na
magnificacdo de 50x para histometria e 200x para estereometria. As areas de
interesse dos cortes pré-selecionados foram fotografadas com uma camera digital
Leica DFC 300 FX e as imagens capturadas foram arquivadas no formato TIFF

(Tagged Image File Format).

Histometria

A analise histométrica foi realizada com o auxilio do software de imagem Image J
versao 1.37b. (National Institutes of Healf, USA, http:// rsb.info.nih.gov/ij/docs). Um
total de 2 cortes foi avaliado por dente, representativos da regidao vestibular e central
da area de furca. A area analisada compreendeu o espaco inter-radicular delimitado
pelas raizes mesial e distal dos primeiros molares, até uma distancia apical de 1000
um abaixo do teto da furca? (Figura A3). A area total da regido inter-radicular e a area
com tecido 6sseo presente foram medidas, e a subtracdo desses valores determinou
a perda Ossea alveolar, posteriormente transformada em porcentagem da area total.
Para mensuracgéo da perda 0ssea linear, tragou-se uma linha reta da crista 6ssea do

processo alveolar & juncdo cemento-esmalte, na face distal do 1° molar.
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Figura A3 — Imagens demonstrando a mensuracao da area total e da area éssea na regido de furca (a

esquerda) e da perda éssea na regido interproximal na distal do 1° molar (a direita).

Fonte: Elaboracgéo propria.

Estereometria

A andlise estereométrica do processo inflamatério foi realizada com o auxilio de um
microscopio de luz Leica DMLS (na magnificacdo de 200x). Um total de 2 cortes
representativos da regido vestibular e central da area de furca, foi avaliado por dente.
As areas de interesse dos cortes pré-selecionados foram fotografadas com uma
camera digital Leica DFC 300 FX e as imagens capturadas foram arquivadas. A
técnica estereométrica de contagem de pontos foi realizada com o auxilio de uma
grade com 252 pontos de intersecc¢do, a qual foi sobreposta as imagens digitalizadas
dos cortes de H/E, na regido de furca dos primeiros molares superiores, para avaliacao
da proporcao dos componentes teciduais coincidentes com os pontos de interseccao,
em um plano bidimensional por microscopia (Figura A4). Este procedimento permite
a avaliacdo quantitativa do quadro inflamatério no ligamento periodontal. Desta forma,
foi determinada a densidade volumétrica relativa (ou propor¢cdo) dos seguintes
componentes teciduais: fibroblastos, células inflamatérias, vasos sanguineos, fibras
colagenas, tecido 0sseo e outras estruturas. Apos a analise, foi calculado o percentual
de cada componente tecidual em relacdo namero total de pontos contados por periodo

experimental, para a representacéo grafica da estereometria®.
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Figura A4 — Imagem representativa da area de furca do primeiro molar superior, analisada com a grade

em posicao para contagem de células e de estruturas celulares.

Fonte: Elaboragéo propria.

Microtomografia computadorizada (Micro-CT)

Apos o sacrificio dos animais, 8 hemimaxilas por grupo foram removidas e fixadas em
paraformaldeido 4% por 48 horas, e mantidas em alcool 70% em temperatura
ambiente até serem escaneadas com o auxilio do microtomégrafo computadorizado
(uCT Skyscan 1176, Aartselaar, Kontich, Bélgica). O gerador de raios-x foi operado a
50 kVp, com corrente do feixe em 500 pA, filtro de aluminio de 0.5 mm e com uma
resolucdo de imagem de 18 um. As imagens foram reconstruidas com o auxilio de um
software especifico (NRecon 1.6.1.5 - Skyscan, Kontich, Bélgica) em todas as trés
dimensdes espaciais. Em seguida, todas as imagens das hemimaxilas foram
orientadas e salvas em cortes coronais (2000 x 1336) utilizando o Data Viewer
software (Data Viewer 1.4.3.1 - Skyscan, Kontich, Bélgica). Para medir o volume de
osso alveolar (BV) e o volume tecidual (TV) a regido de interesse (ROI) foi delimitada
do &pice das raizes do primeiro molar a crista alveolar, com a exclusdo das raizes e
do espaco periodontal, compreendendo assim apenas 0 0sso alveolar ao redor do
primeiro molar. Isto foi realizado com uma ferramenta especifica (custom processing)
do software CTan (CT Analyser 1.10.1.0 - Skyscan, Kontich, Bélgica). Além disso, a

densidade de osso alveolar foi medida (Figura A5).
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Figura A5 A-D - Mensuracdo das microtomografias com os softwares: Data Viewer, CTAN.

Figura AS5A- Orientacdo dos cortes. Figura A5B- Distancia linear da JCE-COA. Figura A5C-
Delimitacdo da regido de interesse (ROI). Figura A5D- Separacdo do 0sso alveolar das raizes e do
espaco periodontal.

Fonte: Arquivo pessoal do autor.

Anélise Protebmica

Preparo das amostras:

Hemimaxilas (n=5/grupo) de animais dos grupos P e OP foram colocadas em cassetes
plasticos, imersas e mantidas no fixador formol tamponado a 10% Protocol (Fisher
Diagnostics. Midletown, VA, EUA) por 24 horas a 4°C. Apoés esse periodo, as amostras
passaram por trés lavagens em solugéo de tampéo fosfato (PBS) 1X (pH 7.4, Applied

Biosystem) por 30 minutos cada a 4°C e foram descalcificadas em solucdo de acido
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etilenodiaminotetracético (EDTA, Merck/Millipore) a 20% em tampéo fosfato a 0,01M,
pH 7.4 e mantidas a 4°C com trés trocas diarias da solugédo por um periodo de 30 dias.
As hemimaxilas foram reduzidas mantendo-se a regido dos molares, lavadas em PBS
por 3 vezes a 4°C, desidratadas em 3 trocas de etanol absoluto por 30 minutos a 4°C,
incubadas em 2 trocas de xilol por 20 minutos em temperatura ambiente, infiltradas
em parafina por 4 horas e incluidas em parafina Paraplast (McCormick Scientific) a
56°C. Os blocos foram armazenados a -20°C até o uso. Cortes longitudinais aos
primeiros molares foram seccionados com 5 ym de espessura na dire¢ao mésio-distal,
passados em H20 MilliQ tratada com DEPC (dietilpirocarbonato) a 42°C e colocados
em laminas de vidro com membrana de polietilieno naftaleno (PEN membrane glass
slides, Applied Biosystem, Foster City, CA, EUA) para captura por microdisseccéo a
laser (LCM). As laminas contendo os cortes (10 cortes) foram armazenadas a -70°C

até serem processadas para a microdissecc¢ao a laser.

Captura por microdisseccéao a laser (LCM)

As laminas contendo os cortes histolégicos foram desparafinizadas em 2 trocas de
xilol por 2 minutos, desidratados em concentragdes crescentes de etanol, secos em
temperatura ambiente por 5 minutos e imediatamente microdissecados. A &rea de
captura incluiu as células do ligamento periodontal (PDL), delimitadas utilizando como
referéncia a juncdo cemento-esmalte (JCE) e a crista 0ssea alveolar no espaco
interdental e por toda a regido de furca, evitando as areas adjacentes ao 0sso alveolar
e ao cemento para excluir células do tecido 6sseo, osteoblastos e osteoclastos, e
cementoblastos. As células do PDL foram capturadas utilizando uma combinacéo de
laser infravermelho (IR) e laser cortante ultravioleta (UV) do equipamento de
microdisseccao Arcturus XT (Applied Biosystem), usando as seguintes configuracdes
para a captura do PDL sobre um aumento de 10x: UV cutting speed de 100 a 200
mm/s; IR laser strength de 65 a 70mW, duragédo de 20 ms, spot size de 20um. Foram
microdissecados de 8-10 cortes histologicos por amostra. O cap contendo os tecidos

microdissecados foi adaptado a um microtubo de 0,5 mL e armazenados a -80° C.

Preparo das amostras microdissecadas para cromatografia liquida e
espectrometria de massa de alta resolugédo (LC-MS/MS)
Para o preparo das amostras para a analise por LC-MS/MS os caps contendo o0s

tecidos microdissecados foram removidos do freezer e deixados para descongelar sob
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gelo. As amostras foram desnaturadas por incubagéo em 30 pul de ureia 8 M durante
30 minutos a temperatura ambiente. As proteinas extraidas foram reduzidas por
incubacédo com ditiotreitol 0,5 M a 56° C durante 25 minutos e alquiladas por incubacao
com iodoacetamida 0,5 M a temperatura ambiente durante 30 minutos, e nova
incubacdo em ditiotreitol 0,5 M durante 15 minutos a temperatura ambiente. As
amostras em solugdo foram entéo diluidas em bicarbonato de aménio 50 mM para
uma concentracéo final de 1,6 M de ureia, e 0,1 M de cloreto de calcio foi adicionado
a mistura de proteinas. As amostras foram digeridas por meio de incubacé&o com 2 ug
de sequencing grademodified trypsin (Promega, Madison, WI, EUA) durante a noite a
37° C. Todos os passos de incubacdo descritas acima foram realizados com o cap
acoplado ao microtubo colocado numa posicdo invertida para permitir que 0s
reagentes entrassem em contato com os tecidos capturados. Antes de adicionar os
reagentes os conjuntos de microtubo/cap foram centrifugados para levar a mistura de
proteinas para baixo. Depois da digestdo, os caps foram descartados e as misturas
de peptideos foram equilibradas ao pH 2,0 por adicdo de solucdo de acido férmico
0,1%. Em seguida as amostras foram mantidas em -20°C até a analise por LC-MS/MS
no Biomass, laboratério de espectrometria de massas LC-MS/MS (ICB IV -
Universidade de S&o Paulo-USP, S&o Paulo).

Andlise por cromatografia liquida e espectrometria de massa de alta resolucéo
(LC-MS/ MS)

A analise de proteémica foi realizada para se avaliar o perfil da sintese protéica de
marcadores da inflamacao no ligamento periodontal. As analises foram realizadas no
LTQ-Orbitrap Velos ETD (Thermo Fisher Scientific, Waltham, MA) acoplado ao Easy
nanoLC Il (Thermo). Os péptidos foram separados numa coluna C18RP num
gradiente de 115 min. As condi¢fes instrumentais foram verificadas usando 50fmol de
uma digestéo triptica de BSA como padrdo. O carryover de amostra foi completamente
removido entre a execugdo. A busca foi realizada utilizando o banco de dados de
proteinas: Rattus_norvegicus_uniprot. Analises de quantificacdo foram realizadas
utilizando os softwares MaxQuant (v1.4.1.2) e Perseus (v 1.6.1.0). Uma pesquisa
complementar foi feita usando o Thermo Proteome Discoverer 1.4.0.288. A
identificacdo dos componentes celulares, fungdes e processos bioldgicos foram

realizados através dos bancos de dados Gene Ontology (http://geneontology.org/) e
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Protein Annotation Through Evolutionary Relationship (PANTHER)
(http://pantherdb.org/).

Analise imuno-histoquimica

Foram utilizados cortes histolégicos de 4 um de espessura, aderidos em laminas
silanizadas (Perfecta, Sado Paulo, Sdo Paulo, Brasil). A desparafinizacéo foi feita por
meio de duas incubacdes de 5 minutos cada em xilol, seguidas por trés lavagens em
etanol absoluto. Em seguida, foi feita a re-hidratacédo gradual até a dgua destilada. A
analise imuno-histoquimica foi realizada para se confirmar a deteccédo e localizacéao
da expressdo protéica de 2 proteinas selecionadas na andlise protedmica por
espectrometria de massas. Essas proteinas deveriam apresentar diferenca
significativa entre os grupos e fungéo relevante para o processo inflamatorio. Para
essa andlise foi utilizado um kit baseado no complexo enzimatico de peroxidase
avidina-biotinilado (ABC) (Vector Labs; Burlingame, EUA). Anticorpos primarios foram
selecionados e suas diluigcbes otimizadas individualmente: Spondina 1 (1:200) (bs-
7520R, Bioss) e Vinculina (1:50) (LS-B5770, LSBio). O sistema de revelagao utilizado
foi o DAB. Os cortes foram corados com solucdo de hematoxilina de Carrazi para
visualizacdo dos nucleos. As imagens foram obtidas através de uma camera digital
(DP-71, Olympus, Toquio, Japao) acoplada a um microscépio de luz (BX-51, Olympus)
e a intensidade e localiza¢&o da coloracao foram registradas por um examinador cego

para 0s grupos experimentais.

Coloracao da enzima TRAP

ApOs a andlise protedmica, uma das proteinas selecionadas por sua relevancia clinica
e diferenca estatistica entre os grupos foi o TRAP (Tartrate Resistant Acid
Phosphatase). Para coloracdo desta proteina, optou-se pelo método de coloracao
direta da enzima TRAP. Foram utilizados cortes histolégicos de 4 um de espessura,
aderidos em laminas silanizadas (Perfecta, Sdo Paulo, Sdo Paulo, Brasil). A
desparafinizacédo foi feita por meio de duas incubacdes de 10 minutos cada em xilol,
seguidas por trés lavagens em etanol absoluto e feita a re-hidratacdo gradual até a
agua destilada. Em seguida, os cortes foram incubados a 38° submersos em um
tampao preparado pela dissolugao de Fast Red TR Salt (Sigma Chemical) e Naphton-
AS-BI (Sigma Chemical) em N,N-dimethylformamide e Sodium Tartarate. Seguido da

incubacgéao, os cortes foram lavados em agua destilada, corados com hematoxilina e
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montados em meio aquoso. As imagens foram obtidas através de uma camera digital
(DP-71, Olympus, Toquio, Japéo) acoplada a um microscépio de luz (BX-51, Olympus)
e a intensidade e localizacdo da coloracao foram registradas por um examinador cego

para 0s grupos experimentais.

Analise Estatistica

As andlises estatisticas foram realizadas com o auxilio do software GraphPad Prism
(Graph-Pad Prism 7 Software; Inc, La Jolla, San Diego, CA, USA). Em todos os
procedimentos, foi adotado um nivel de significancia de 5% para a tomada da decisao
guanto a validade da hipétese testada. Foi realizado o teste t-student para amostras
independentes ndo pareadas. Na analise protedmica foi utilizado o software R (R
Foundation for statistical computing, Vienna, Austria) e realizado o teste t-student para

amostras independentes n&o pareados (p<0.05).
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ANEXO A — COMITE DE ETICA

CAmpus de Araraquars
FACULDACE DE CCONTOLOGIA
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Proc. CEUA n° 16/2015

Araraquara, 21 de fevereiro de 2017.

Senhor Pesquisador:

A Comissdo de Etica no Uso de Animal — CEUA desta Faculdade,
procedeu a anilise do Relatdrio Parcial do projeto de pesquisa de sua
responsabilidade  intitulado “INFLUENCIA DO MOVIMENTO
ORTODONTICO NA PROGRESSAQ DA DOENCA PERIODONTAL EM
CONDICOES DE SAUDE SISTEMICA OU OBESIDADE™ (Proc. CEUA °
16/2015), e considerou-0 APROVADO, bem como sua solicitagio de alteracio
na metodologia da pesquisa e promogagdo de prazo.

Lembramos que o Relatdrio Final deste projeto deverd ser entregue
em JUNHO/2018.

Atenciosamente.

i B F Brndoata_
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Araraquara, 23 de junho de 2021.
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