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RESUMO

A perfuracdo de furca € uma comunicacdo mecanica ou patoldgica entre o sistema
de canais radiculares e a superficie externa do dente, permitindo contaminacao
bacteriana do tecido periodontal e consequente inflamacéo e perda do tecido de
suporte. Atualmente, o MTA (Agregado de trioxido mineral) € o material mais
indicado no tratamento dessas perfuragdes, por ser biocompativel e apresentar
bom selamento. A literatura atual relata a capacidade do selénio em inibir
crescimento bacteriano, alterar o metabolismo 0sseo e estimular o sistema
imunitario. O objetivo deste estudo foi avaliar a resposta imunolégica do MTA
acrescido de selénio. Neste estudo, induziram-se perfuracdes experimentais de furca
em molares de camundongos isentos de germes. O primeiro molar superior
esquerdo teve a furca perfurada e tratada com MTA + Selénio (grupo experimental)
e no lado direito a furca foi perfurada e tratada com MTA (grupo controle). Os
animais foram sacrificados com 07, 14 e 21 dias ap6és a intervencéo sendo 5 animais
para cada grupo, (n=5). Os tecidos perirradiculares adjacentes a lesdo foram
extraidos e macerados, fazendo-se, a seguir, a extracdo do RNA. As expressdes
das citocinas TGF-B, TNF-a, IFN-y, IL-10, IL.4, RANK, RANKL, IL-1a, IL-17A e
HPRT foram investigados por PCR em tempo real. No grupo experimental, apés o 21
dias, houve um aumento da expressdo de TNF-a e IL-10 em comparacdo com 0
grupo controle (p <0,05). A avaliacdo revelou expressdo basal de IL-1a, IFN-y,
RANK, RANKL, IL-17A, IL-4 e TGF-B nos niveis de mRNA, em ambos 0s grupos
experimental e controle, , em todos os tempos experimentais (p > 0,05). O
selamento com MTA + Se favoreceu a expresséo da citocinas pro-inflamatorias TNF-
a na fase tardia de resposta (21° dia) paralelo ao aumento da citocina regulatdria IL-
10 no mesmo periodo. Concluiu-se que, o aumento destas citocinas no grupo
tratado com selénio na fase tardia da resposta, provavelmente, se deveu aos seus
efeitos imunoregulatérios.

Palavras-chave: Selénio. MTA. Perfuragcédo de Furca. Citocinas



ABSTRACT

Experimental furcal perforation treated with mineral trioxide aggregate plus
selenium: immune response

Furcal perforation is a mechanical or pathological communication between the root
canal system and outer surface of the tooth. It may allow bacterial contamination and
subsequent periodontal tissue inflammation and loss of supportive tissue. Currently,
the MTA (mineral trioxide aggregate) is the most suitable material in the treatment of
these perforations to be biocompatible and provide good sealing. The literature
reports the selenium's ability to inhibit bacterial growth, alter bone metabolism and
stimulate the immune system. The objective of this study was to evaluate the immune
response of MTA associated with selenium. In this study, experimental furcal
perforations were induced in molar of germ-free mice. The first maxillary left molar
had the furcal perforated and treated with MTA / Selenium (experimental group) and
the right molar, furcal was perforated and treated with MTA (control group). The
animals were killed in 07, 14 and 21 days after the intervention (n =5). mMRNA was
extracted from periradicular tissues and the eexpressions of TGF-, TNF-a, IFN v, IL-
10, IL-4, RANK, RANKL, IL-1a, IL-17A e HPRT were investigated by real time PCR.
In the experimental groups, on 21 days post MTA+Se sealing it was observed an up-
regulation of the mRNA levels of TNF-a and IL-10 compared with the control group
(p<0.05). Assessment revealed basal expression of IL-1a, IFN-y, RANK, RANKL, IL-
17AIL-4 and TGF-B gene expression all long of the experimental times, in both
groups treated with MTA or MTA+Se (p>0.05). The MTA+Se sealing favored the
expression of TNF-a and IL-10 in the later phase of response (21th day). The
increase of these cytokines was probably due to immunoregulation of Se levels.

Keyswords: Selenium. MTA. Furcal Perforation. Cytokines



LISTA DE ABREVIATURAS E SIGLAS

APC Células Apresentadoras de Antigenos

IFN-y Interferon Gama

Ig Imunoglobulina

IL Interleucina

IRM Material Restaurador Intermediario

NK Natural Killer

MTA Agregado de Trioxido Mineral

PCR Reacdo em Polimerase de Cadeia

RANK Receptor Ativador do Fator Nuclear Kappa B
RANKL Ligante do Receptor Ativador do Fator Nuclear Kappa B
Se Selénio

TGF Fator de Crescimento e Transformacéo

Th Linfocito T helper

TNF Fator de Necrose Tumoral
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1 CONSIDERACOES INICIAIS

O tecido pulpar é constituido por um tecido conjuntivo frouxo, circundado por
paredes rigidas de dentina. E composto pela matriz extracelular, que é formada pela
substancia fundamental amorfa e fibras colagenas, por arteriolas e vénulas, que
compdem a microcirculacdo pulpar; por fibras nervosas, responsaveis pela
inervacdo sensorial e vasomotora do tecido pulpar; e por varias células,
principalmente fibroblastos, odontoblastos, células indiferenciadas, linfocitos,
macrofagos e células dendriticas (JONTELL, et al. 1998).

Quando ocorre alguma agressdo sobre esse tecido, seja ela de origem
bacteriana, quimica ou fisica, h4 o desencadeamento de uma resposta imunoldgica,
gue tem como objetivo principal eliminar a agressdo (JONTELL, et al., 1998). Essa
resposta imune é didaticamente dividida em resposta imune inata e resposta imune
adquirida.

A resposta imune inata representa a primeira linha de defesa, reconhecendo
substancias ou elementos que ndo séo proprios do organismo. Nao € especifica e 0s
neutroéfilos, células natural killer (NK) e macréfagos séo seus principais componentes
celulares. Essas células tém a capacidade de eliminar os antigenos bacterianos,
além de liberarem mediadores inflamatorios, que sdo responsaveis por recrutarem
mais células de defesa para o local da inflamacéo (HAHN et al., 2007).

A resposta imune adaptativa € ativada quando a resposta imune inata nédo é
capaz de remover a agressdo por si s6. E especializada, especifica e possui
memoéria. E composta por linfocitos T e B e seus produtos, isto €, quimiocinas
inflamatorias, citocinas e anticorpos (HAHN & LIEWER, 2007A). Diferentes citocinas
estimulam diversas respostas das células envolvidas na imunidade e na inflamacgéo
(ABBAS, et al. 2007). Sabe-se que a resposta imune adaptativa pode ser dividida
em dois grupos dependendo dos componentes e da via de eliminacdo dos
microrganismos. A resposta humoral é caracterizada pela presenca de
imunoglobulinas, sintetizadas por plasmécitos, com o objetivo de eliminar os
antigenos. As citocinas IL-4, IL-5, IL-6, IL-10 e IL-13 estdo envolvidas na ativagao
desta resposta (FUKADA et al., 2009). A resposta celular € mediada por linfécitos T
e é caracterizada pela producdo das citocinas IL-1, IL-2, IL-12, IFN-y, TNF-a
(FUKADA et al., 2009).



11

Uma vez estabelecida uma agressao no sistema de canais radiculares, o
sistema imune (resposta inata e adaptativa) entra em agcdo com objetivo de remover
e eliminar essa agressdo. Porém, a medida que a infeccdo avanca, ha também
destruicdo tecidual (TAKAHASHI et al.,1998).

Para combater a infec¢cdo, o tratamento endoddntico deve ser realizado.
Este, além de promover o saneamento do sistema de canais radiculares, a partir da
eliminacdo do maior nimero de microrganismos presentes, promove 0O reparo
tecidual (TAKAHASHI et al.,1998).

As perfuracdes radiculares sdo acidentes que podem ocorrer durante o
tratamento endodéntico. Ela é caracterizada como uma comunicagcdo mecanica ou
patolégica entre o sistema de canais radiculares e a superficie externa do dente.
Pode ser consequéncia de reabsorcdes, caries (HAMAD et al.,, 2006), ocorrer
durante o retratamento endododntico ou preparo protético (HOLLAND et al., 2007).
Este acidente provoca a contaminacao bacteriana do tecido periodontal, levando a
inflamacédo e a perda do tecido de suporte, comprometendo o progndstico do dente
(HAMAD et al., 2006). Observa-se a invaséo bacteriana, seguida pela inflamacéo no
tecido periodontal subjacente, reabsor¢cdo O&ssea, destruicdo do ligamento
periodontal, proliferacéo epitelial e bolsa periodontal (HAMAD et al., 2006).

Apo6s uma perfuracdo, o ideal é que se utilize um material biocompativel que
tenha a capacidade de selar a cavidade, prevenindo assim a invasao bacteriana e o
desenvolvimento da inflamagdo. Ao longo dos anos, varios materiais foram
utilizados, como o amalgama, IRM, hidréxido de célcio, ionébmero de vidro, cimento
de 6xido de zinco e eugenol refor¢cado (Super-EBA). Porém, em 1993 foi descrito na
literatura o Agregado Trioxido Mineral (MTA) (Lee et al.,, 1993). Suas principais
caracteristicas sdo a biocompatibilidade, a estimulacdo de mineralizacdo Ossea e
dental, a regeneracdo do ligamento periodontal e producdo de adequado selamento
(DE DEUS et al., 2007, YASUDA et al., 2008).

Recentemente foi desenvolvido o MTA Bios (Angelus, Londrina, PR, Brasil),
gue é completamente sintetizado em laboratério, apresentando elevado controle de
qualidade e livre de contaminacdo, especialmente de arsénico (DE DEUS et al.,
2007). Esse produto apresenta teor de Oxido de célcio e 6xido de aluminio livre
superior ao MTA Angelus, previamente disponibilizado.

Rezende et al. em 2007 descreveram que o MTA néo afeta a fagocitose e

nem a habilidade dos dois subtipos de macréfagos M1 e M2, em eliminar
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microrganismos. Os mesmos autores acima citados, avaliaram a influéncia do MTA
na resposta imune adaptativa e concluiram que o MTA aumentou a resposta
imunologica adaptativa humoral e pouco afetou a producéo das citocinas pro- e anti-
inflamatorias produzidas pelas células Tm (células T de memoéria) (REZENDE et al.,
2008).

Na literatura atual tem sido relatada a utilizagdo do selénio em diversas
aplicacdes médicas tais como em tratamentos contra o cancer, em inibicdo de
crescimento bacteriano, em alteracbes do metabolismo 6sseo e em estimulacdo do
sistema imunitario (MEDHI et al., 2013 e ZENG et al., 2012).

O selénio pertence ao grupo dos metaldides, que sdo compostos metais e
ndo metais, ou seja, possuem caracteristicas de ambos. E encontrado naturalmente
em humanos, animais e plantas (TRAN et al., 2009). As selenoproteinas apresentam
um importante papel em muitas fun¢des corporais, tais como na defesa antioxidante
e na formacao de hormdnios da tirdide (MEDHI et al., 2013).

Em estudos prévios tem sido demonstrado que o selénio organico serviu
como um gerador catalitico de radicais superéxido a partir da oxidacdo de tidis
(SEKO & IMURA 1997). A formacéo de radical superéxido parece ser o responsavel
pela maior parte da toxicidade do selénio em diferentes bactérias, como
Staphylococcus epidermidis, Staphylococcus aureus, Listeria monocytogenes,
Salmonella typhimurium e de Escherichia coli in vitro (BABIOR et al, 1975,
BORTOLUSSI et al, 1987, KRAMER e AMES, 1988). Estudos mostram que Se
covalentemente ligado a diferentes biomateriais e dispositivos médicos, tais como
cateteres intravenosos e lentes de contato, por osmose inversa bloqueou a formacao
de biofilmes de Staphylococcus aureus e Pseudomonas aeruginosa (MATHEWS et
al, 2006; TRAN et al 2009, 2012). Baixas concentracdes de organo-selénio (0,1% ou
0,2%) sao suficientes para inibir a adeséo bacteriana nesses materiais, de acordo
com Tran et al., 2013

Alguns estudos revelaram que a proliferacdo de células imunes sédo
aparentemente sensiveis a privacdo de Se, por exemplo, quando o derivado T
imunitario e células B foram cultivadas num meio isento de soro e deficientes em Se,
atividades de GPX e TRR foram baixas e as células ndo sobreviveram (ZENG et al.,
2002 e SAITO et al.,, 2003). Linfécitos em meio deficiente em selénio possuem
menor capacidade de proliferarem em resposta a um agressor, mas a resposta pode
ser melhorada suplementando-o com Se (ZENG et al 2013). A auséncia de
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selenioproteinas levou a uma diminuicdo na activacdo de células T maduras
(SHRIMALI et al., 2008).

O nivel adequado de Se é importante para iniciar a imunidade, mas também
esta envolvido na regulacdo da resposta imunitaria excessiva e na inflamacéo
cronica (HUANG et al., 2012) e o desequilibrio deste nivel afeta tanto a imunidade
inata quanto a adquirida (BHASKARAM 2002).

A deficiéncia de Se tem sido relatada impactar negativamente células do
sistema imunoldgico durante sua ativacdo, diferenciacdo e proliferacdo. Evidéncias
estdo surgindo elucidando o papel das selenoproteinas na regulacdo inflamacéo e
da imunidade e isso tém proporcionado importantes conhecimentos sobre o0s
mecanismos pelos quais Se influencia nestes processos (HUANG et al., 2012).

Para avaliar o perfil da resposta imune que se processa has perfuracdes de
furca, este estudo procurou determinar a expressdo de citocinas nos tecidos
periodontais adjacentes a essas lesdes em camundongos isentos de germes,
induzidas experimentalmente e tratadas com o MTA Bios acrescido de selénio, em

trés periodos consecutivos.
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2 OBJETIVOS

2.1 Objetivo geral
O presente trabalho tem como objetivo avaliar a resposta imune do tecido
periodontal adjacente a lesGes de furca experimentais, tratadas com MTA e MTA

com adicao de selénio, em camundongos isentos de germes.

2.2 Objetivo especifico

Avaliar a expressao das citocinas : TNF-a, TGF- 3, RANKL, IL-4, IL-10 e IFN-

y em resposta ao tratamento de MTA/Selénio.
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3 METODOLOGIA EXPANDIDA
3.1 Etapa clinica

3.1.1 Animais

Foram utilizados 15 camundongos entre 4 e 8 semanas de vida de ambos os
sexos (BALB/c - ICB Universidade Federal de Minas Gerais, Belo Horizonte, Brasil).
Os camundongos foram mantidos em gaiolas convencionais e com ciclo de luz
controlado e alimentados com dieta comercial (Nuvital, Curitiba, PR, Brasil) ad
libitum. O protocolo experimental foi enviado e aprovado pelo Comité de Etica em
Experimentacdo Animal (CETEA-UFMG) protocolo #67/2014.

Os animais foram divididos em trés grupos experimentais definidos como:
grupo 1, animais sacrificados com 07 dias ap0s a realizacdo do experimento; grupo
2, animais sacrificados com 14 dias apds a realizacdo do experimento; e grupo 3,
animais sacrificados com 21 dias ap06s a realizacdo do experimento. Cada grupo foi
composto por 5 animais. Em todos os grupos, o primeiro molar do lado direito foi
utilizado como dente controle, enquanto o primeiro molar do lado esquerdo como

experimental.
3.1.2 Anestesia

Antes de qualquer procedimento, o0s animais foram anestesiados
intraperitonealmente utilizando-se 100mg/kg de Hidroclorido de Ketamina (Dopalen,
Division Vetbrands Animal Health, Jacarei, SP, Brasil) e 10mg/kg de Xilazina
(Anasedan, Agribands do Brasil LTDA, Paulinia, SP, Brasil) administrados com
seringas tipo PPD (SILVA et al., 2008).

3.1.3 Perfuracéo e selamento da furca

A coroa clinica do primeiro molar superior foi trepanada utilizando-se uma
broca esférica 1/4 de baixa rotacdo com controle de rotacéo (Driller, Sdo Paulo,
Brasil). O acesso do canal radicular foi estabelecido com auxilio de uma lima
endodéntica de niquel titAnio com ponta biselada seguida de pulpotomia e a
cavidade secada com cones de papel estéreis. Ap6s esse momento, a furca sfoi

perfurada, utilizando-se broca esférica de pequeno diametro.
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No primeiro molar do lado direito o0 MTA Bios (Angelus, Londrina, PR, Brasil)
foi manipulado e inserido como selante sobre a perfuracdo em condi¢cbes assépticas
e de acordo com as especificacdes do fabricante: coloca-se MTA em quantidade de
uma pa dosadora e uma gota de agua destilada sobre a placa de vidro; espatula-se
por 30 segundos, até a completa mistura do p6 com a agua; leva-se o MTA a
perfuracdo da furca; condensa-se o MTA com uma bolinha de algodao seguido do
selamento da cavidade coronaria com Coltosol®.

No grupo experimental, primeiros molares esquerdos, o MTA foi manipulado
com uma solucéo de 1uM de Sn em agua destilada estéril em seguida manipula-se
de acordo com as especificacdes do fabricante, a cavidade coronéaria selada com
Coltosol®.

Quinze camundongos, cinco de cada grupo foram sacrificados para dosagem

das citocinas dos tecidos adjacentes.
3.2 Analise Imunoldgica
3.2.1 Extracao e preparo das amostras

ApoOs o sacrificio dos animais, as pecas cirargicas contendo o tecido
adjacente aos molares onde se procedeu a aplicacdo do MTA foram
removidas e colocadas em 500ul de Trizol, e em seguida foram trituradas.

3.2.2 Extracdo do RNA

Aos sobrenadantes foram acrescentados 200ul de cloroféormio. Foram entéo
levados ao vortex e deixados em descanso por 10 minutos a temperatura ambiente.
Depois de centrifugados a 12.000 g, por 10 minutos a 4° C, foram transferidos para
novos eppendorfs o sobrenadante (parte aquosa) de cada tubo e em seguida
acréscimo de 800ul de etanol a 95% a cada tubo e estes foram novamente
centrifugados a 12.000g, por 10 minutos a 4°C. O sobrenadante foi descartado e
sobre o pellet acrescentou-se 1000 pl de etanol 75%, sendo em seguida levados ao
vortex. Novamente as amostras foram centrifugadas a 12.000g, por 10 minutos a
4°C, ressuspendidas em 20 pl de agua DEPC de alta qualidade e armazenadas em

freezer a -70°C.

3.2.3 Quantificacdo do mRNA
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O mRNA foi diluido em agua destilada nas proporc¢des de 1:100 e 1:500, para
gue as amostras possam ser lidas em espectofotometro, utilizando-se cubetas de

quartzo, com comprimento de onda de 260/2800D.

A quantificagédo foi obtida utilizando-se a formula: [MRNA- mg/ml]=OD260 x

diluicdo x 40.
3.2.4Preparo de cDNA por Transcrigdo Reversa

Preparo das solu¢des com o0s seguintes reagentes:

1. DNTPs (mistura a 2,5 mM)........coooiiiiiiiiiiiiieeceeeeeeee 1,25 pL
2. Reverse Transcriptase Buffer..........cccccoevvviccieennn. 2,50 uL
3. 0,1 M Dithiothreitol (DTT).......ooveiiiiiiiiiiiieeeeeeeeee e 1,00 pL
4. Rnasin (inibidor de RNASE).........ccccvvvviviiiiiiiiiiieeeeeen, 0,25 pL
5.0ligo dT15 /10 - 7.5 pMoles.........ooooviiiiiiiiiiiieeeeee 1,00 pL

Nas amostras de RNA foram acrescidas de 6 pyL da solugdo acima descrita,
aguecidas a 70°C por 5 minutos e subsequentemente resfriadas em gelo, por 5
minutos. Acrescidas de 1,5 pL de Transcriptase Reversa (12,5 U/reacdo — 25
U/reacao), e deixadas, em temperatura ambiente, por 5 minutos. As amostras foram
incubadas a 37°C durante uma hora, aquecidas a 90°C por 5 minutos e resfriadas
em gelo por 5 minutos. A reagéo final foi diluida, adicionando-se 87,5 yL de agua
destilada, sendo a seguir estocadas a — 20°C.

3.2.5 Deteccao e quantificacdo das citocinas

A quantificacéo das citocinas TNF-a, TGF- 3, RANKL, IL-4, IL-10 e IFN-y, foi
realizada pelo PCR em tempo real e o gene HPRT utlizado como gene

normalizador.

As reacgles de PCR em tempo real foram realizadas em aparelho Step One
Real Time PCR Systems empregando-se o kit SYBR Green PCR Master Mix 2X
(Applied Biosystems, Foster City, CA). Em cada poco de reacdo foram adicionados o
cDNA diluido 1:2, os iniciadores especificos para cada determinacao (0.2 uM para
HPRT e 1 uM para os iniciadores das citocinas), 0 master mix e agua para o volume

final de 20 pL. Em seguida as placas foram colocadas no termociclador e as reacoes
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de amplificacdo realizadas de acordo com o seguinte protocolo: 10 min a 95°C, 40
ciclos de 95°C durante 15 segundos e 60°C por 1 min; seguida da curva de
dissociacdo com incubacdo a 95°C por 15 segundos e 60°C por 1 min e

aguecimento até 95°C com analise simultanea.

Tabela 1. Sequéncia dos iniciadores das citocinas

Iniciador Seqiiéncia (5°-3’) BP

HPRT FW: GTTGGATACAGGCCAGACTTTGTT 162

RV: GATTCAACTTGCGCTCATCTTAGGC

TNF- a FW: ATCTTCTCAAAATTCGAGTGACCA 171

RV: TGGAGTAGACAAGGTACAACCC

TGF- B FW: TGACGTCACTGGAGTTGTACG 169

RV: GGTTCATGTCATGGATGGTGC

RANKL FW: CATCCCATCGGGTTCCCATAA 103

RV: CCCTTAGTTTTCCGTTGCTTAACGAC

IL-4 FW: ACAGGAGAAGGGACGCCAT 94

RV: GAAGCCCTACAGACGAGCTCA

IL-10 FW: GGTTGCCAAGCCTTATCGGA 190

RV: ACCTGCTCCACTGCCTTGCT

IFN-y FW: CAAGTGGCATAGATGTGGAAGAA 90

RV: TGGCTCTGCAGGATTTTCATG

FW (forward primer), RV (reverse primer), BP (Pares de Base))
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Experimental furcal perforation treated
with mineral trioxide aggregate plus
selenium: immune response

Abstract: The aim of this study is to evaluate the expression of
cytokines in response to mineral trioxide aggregate (MTA) plus
selenium in germ-free mice with experimental furcal perforation.
The first left maxillary molar was opened, and the furcal area was
perforated and treated with post-MTA-Se (experimental group). The
same surgical intervention was performed for the maxillary right first
molar, which was treated with MTA (control group). Fifteen mice were
sacrificed 7, 14, and 21 days after furcal perforation, and periapical
tissue samples were collected. The mRNA expression levels of the
cytokines TGF-B, TNF-o, IFN-y, HPRT, IL-10, IL-4, RANK, RANKL,
IL-1, and IL-17 were assessed by using real-time polymerase chain
reaction. In the experimental group, at 21-days post-MTA-Se sealing,
the mRNA levels of TNF-a and IL-10 were upregulated compared with
those in the control group (p < 0.05). Futher assessment revealed basal
mRNA expression levels of IL-1a, IFN-y, RANK, RANKL, IL-17A, IL-4,
and TGF-B, over long experimental times, in both the experimental
and control groups (p > 0.05). In conclusion, MTA+Se sealing favoured
increased expression of IL-10 and TNF-a. at later time points (day 21).

Keywords: Selenium; Cytokines; Immunophenotyping; Models, Animal.

Introduction

Furcal perforation is mechanically driven or pathologically induced
communication between root canals and supportive dental tissues.!
Perforations usually result from resorption or, caries or may be produced
iatrogenically.? Such perforations are the second most common cause
of failed endodontic treatments, with serious clinical consequences.!
Treatment consists of using a biocompatible material to seal the cavity
and aims to prevent bacterial invasion, inflammation dissemination,
and periradicular bone destruction.!

Periradicular bone destruction around the perforation depends on
the balance between proinflammatory (type 1) and anti-inflammatory
(type 2) cytokines.>*> Proinflammatory cytokines, such as IFN-y,
TNF-a, and RANKL, play a key role in lesion progression. IFN-y and
TNEF-a act on bone resorption by inducing the release of RANKL,
which helps to differentiates and activates osteoclasts.*® Conversely,
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the production of cytokines such as IL-4, IL-10, and
IL-13 by lymphocytes inhibits bone resorption and
initiates tissue repair.”

Mineral trioxide aggregate (MTA) is the main
material used to seal root canal perforations given
its biocompatibility, insolubility, and sealing ability,
among other properties.”® It has been demonstrated
that MTA affects neither phagocytosis nor the
ability of macrophages (M1 and M2) to eliminate
microorganisms.” Additionally, an evaluation of its
effect on the adaptive immune response revealed
that it did not interfere with the expression of IL-10,
TNF-a, or RANKL by memory T cells.”’

Selenium (Se) is being used in several medical
applications, including cancer treatment, as a bacterial
growth inhibitor on instruments or biological
prostheses, in bone metabolism, and as an immune
system booster.'"’?Se may slow bone growth by
changing bone metabolism."” The blood concentration
of Se is inversely related to the rate of bone renewal
and positively associated with low bone mineral
density in humans.* Low intake of Se correlates with
a high risk of bone diseases.’'

Seis an essential mineral present in selenocysteine,
an amino acid involved in various biological activities,
such as antioxidant defence, cell division and
differentiation, and mainly participates in maintaining
the proper function of the immune system."” The lack
of Se leads to a reduction in mature T-cell reserves
and the activation of faulty T-cells.!8192021.22

Several studies have demonstrated that MTA
presents excellent properties to treat root canal
perforations. With that in mind, our experiment
involved supplementing MTA with an essential
mineral such as Se, which is capable of inhibiting
bacterial growth and stimulating the immune system
and bone renewal, as a way to enhance the properties
of MTA. In the present study, experimental furcal
perforations were generated in mandibular molars
of germ-free mice. Perforations were sealed with
MTA or MTA plus Se in the form of sodium selenite.
Animals were longitudinally sacrificed, and the
expression of cytokines, namely TGF-f, TNF-o,, IFN-y,
IL-10, IL-4, RANK, RANKL, IL-1, IL-17, and HPRT,
was evaluated by using real-time polymerase chain
reaction (RT-PCR).

2 Braz. Oral Res. 2018;32:e103

Methodology

Animals

Fifteen germ-free mice of both sexes aged
between 4 and 8 weeks, were used in this experiment
(Swiss/NIH, ICB, Universidade Federal de Minas
Gerais, Belo Horizonte, Brazil). All animals
were maintained in Trexler isolators (Madison,
USA) and transferred to micro-isolators (UNO,
Roestvastaal BV, Zevenaar, New Zealand) to perform
the procedures. All procedures were performed
under sterile conditions in laminar flow cabinets
(Veco, Campinas, Brazil). The animals were fed
ad libitum. The present study was approved by
the Ethics Committee for the Use of Animals in
Research (67/2014 CEUA/UFMG).

Experimental furcal perforation

The procedures were performed as described
previously.??%?> In brief, before any procedure,
animals were anaesthetized intraperitoneally
with 100mg/kg ketamine hydrochloride (Dopalen,
Division Vetbrands Animal Health, Jacarei, Brazil)
and 10mg/kg xylazine (Anasedan, Agribands do
Brasil LTDA, Paulinia, Brazil). Pulp chambers of the
first upper molars were accessed with a % sterile
carbide drill (KG Sorensen, Barueri, Brazil) attached
to a controlled speed motor (Driller, Sdo Paulo, Brazil),
under endodontic operative microscopy (Alliance,
Sao Paulo, Brazil). Furcal perforation was performed
using % sterile carbide drills, perpendicular to
the furcal zone and parallel to the long axis of the
tooth (Figure 1 shows a schematic representation).
Perforation cavities of the right molars (control) were
sealed with MTA Bios (Angelus, Londrina, Parani,
Brazil), while those of the left molars (experimental)
were sealed with MTA plus Se. All clinical crowns
were sealed with Coltosoll® (Coltene/Whaledent
AG Altstdtten, Suisse).

MTA manipulation

MTA was prepared following the manufacturers’
instructions under sterile conditions. Subsequently,
1-uM sodium selenite solution was incorporated
into MTA. To define an adequate Se concentration,
macrophages (1x10°cells mL") isolated from Swiss/NIH
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Figure 1. Germ free mouse model of experimental furcation perforation: schematic representation of the treatment protocol.

mice were cultured in 1 mL of medium in 24-well
culture plates (Nunclon; Nalge Nunc International,
Naperville, USA) in the presence of several dilutions
of Se. At Se concentrations <10 puM, the viability,
adherence and phagocytosis ability of macrophages
were not modified (data not shown).

Preparation of the tissue samples

Animals were sacrificed at 7, 14, and 21 days after
perforation (n = 5). Periradicular tissues adjacent to
furcal perforations were aseptically removed and
frozen at -70°C. mRNA was isolated by TriZol (Gibco
BRL Laboratories, Grand Island, USA), followed by
the addition of chloroform and centrifugation at
12,000 g and 4°C for 10 min. The aqueous phase was
collected, and isopropanol was added to precipitate
RNA, followed by centrifugation at 12,000 ‘g and 4°C
for 10 min. mRNA was washed with 75% ethanol,
dried, dissolved in RNAase-free water, and incubated
at 55°C for 10 min. *%

Real-time PCR

Complementary DNA was synthesized by reverse
transcription using 2 pg of RNA. The standard PCR
conditions were as follows: a holding stage of 95°C
for 10 min; a cycling stage with 40 cycles of 95°C for
15 s and 60°C for 1 min; and a melting curve stage
of 95°C for 15 s, 60°C for 1 min and 95°C for 15 s.
The primer sequences used for the analysis of INF-
v, TNF-a, IL-1B, IL-17, IL-10, TGF-B, IL-4, RANK, and
RANKL mRNA expression by quantitative real-time
PCR are shown in Table. The primer sequences were
designed by using Primer Express software (Applied
Biosystems, Foster City, CA, USA) based on the
nucleotide sequences available in GenBank. Real-time
PCR was performed using the Step One Real-time
PCR System (Applied Biosystem). In addition, the Sybr
Green detection system (Applied Biosystems) was
used to assay primer amplification. The housekeeping
gene hypoxanthine phosphoribosyltransferase (HPRT)
was used to normalise mRNA expression levels. All
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Table. Primer sequences used in PCR reactions.

Gene Sense and antisense

FW: GTTGGATACAGGCCAGACTTTGTT

HPRT RV: GATTCAACTTGCGCTCATCTTAGG
FW: ATCTTCTCAAAATTCGAGTGACCA
TP RV: TGGAGTAGACAAGGTACAACCC
FW: TGACGTCACTGGAGTTGTACG
TGFp RV: GGTTCATGTCATGGATGGTGC
FW: CATCCCATCGGGTTCCCATAA
RANKL RV: CCTTAGTTTTCCGTTGCTTAACGAC
FW: TGCTGGCATGGTGATGGA
RANK RV: GAATGATGCCAGGTGGTAGGA
FW: ACAGGAGAAGGGACGCCAT
o RV: GAAGCCCTACAGACGAGCTCA
FW: TGAGCTTCCCAGATCACAGA
L17A RV: TGCAGAACGCCCTCAGACTA
FW: GGTTGCCAAGCCTTATCGGA
10 RV: ACCTGCTCCACTGCCTTGCT
FW: CAAGTGGCATAGATGTGGAAGAA
PNy RV: TGGCTCTGCAGGATTTTCATG
FW: CAACCAACAAGTGATATTCTCCATG
AL RV: GATCCACACTCCCAGCTGCA
L FW: TTCCATCCAAGTTGCCTTCTTG

RV: TTGGGAGTGGTATCCTCTGTGA

FW: forward primer; RV: reverse primer. *Amplicon length in base pairs.

samples were run in duplicate in a 20 pL reaction
volume with 1 ug of cDNA. Sequence Detection
Software version 2.0 (Applied Biosystems) was used
to analyse data after amplification. The results were
obtained as threshold cycle (Ct) values. Expression
levels were calculated using the comparative C(T)
method.? The Ct values are expressed as the mean
of two independent measurements, and the mRNA
expression levels for all samples are expressed as the
ratio between the expression of the gene of interest
and the expression of HPRT.*?227

Statistical analysis

Statistical analysis was performed by the normality
test (Shapiro-Wilk test) and homogeneity test (Levene
test). Subsequently, analysis of variance (for data with
anormal distribution) and the Kruskal-Wallis test (for
data with a non-normal distribution). Followed by a

4 Braz. Oral Res. 2018;32:e103

Length (bp)* NCBI/GeneBank reference
163 JO0423.4
173 AB062426.1
170 AY340221.1
100 AF019048.1
78 AF019046.1
95 NM_021283.2
101 NM_010552.3
191 NM 01058.2
91 NM_008337.4
152 NM 008361.4
102 M24221.1

post hoc test (with Bonferroni correction), were used
for analysing more than two independent variables.
For analysing two independent variables, Student’s
t-test (for a normal distribution) and the Kolmogorov-
Smirnov Z test (for non-normal distribution) were
used. The level of significance was 95%, and a p-value
< 0.05 was considered significant.

Results

The expression of cytokinesIL-1a, IFN-y, TNF-a,
RANK, RANKIL, IL-17A, IL-10, IL-4, and TGF-B was
assessed by using real-time PCR and normalised to
the HPRT gene. At all time points evaluated and in
both groups, basal expression of IL-1a, IFN-y, RANK,
RANKL, IL17A, IL-4, and TGF-f3 was observed (p > 0.05;
data not shown). At 21 days after sealing the perforation
with MTA/Se, TNF-a expression was significantly
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Figure 2. mRNA expression of TNF-a and IL-10 in the
furcal area of germ free mouse subjected to experimental
furcal perforation sealed with MTA or MTA+Se at 21 days.
The expression levels were determined by real time PCR and
quantified by comparison with a housekeeping gene (HPRT).
Bars represent the average of five experiments performed in
duplicate, while horizontal lines represent the standard error.

higher compared to that after sealing with MTA alone
(control group) at the same time (Figure 2). Additionally,
TNF-o expression at 21 days was significantly higher
than that at 7 and 14 days in the experimental group
(p <0.05). IL-10 expression presented a similar profile,
where it was significantly higher at 21 days in the group
treated with MTA/Se, compared to the control group
treated with MTA (p <0.05). In the experimental group
(MTA/Se), IL-10 expression was significantly higher at
day 21 than at day 7 (p < 0.05; Figure 2).

Discussion

Gnotobiotic animals are good models for the study
of dental materials in vivo.

These animal models are beneficial for determining
the real effects of dental materials since the absence
of indigenous bacterial microbiota allows for analysis
of the relationship between their properties and the
host immune system free from bacterial interference.?
In this study, a well tested experimental furcal
perforation was used.”

Furcal perforation is mechanical or pathological
communication between the root canals and
the supportive dental tissues.! After tooth
perforation, a biocompatible material is chosen
to seal the cavity to avoid bacterial invasion and
periradicular inflammation.?®? In this regard,
MTA has been shown to have excellent potential
for endodontic applications.*® In this study, the
expression of cytokines was longitudinally assayed
to associate the specific genotype-first response to
the biocompatible material used to seal the furcal
perforation. This approach can prevent initial
phenotypic bias and can allow for the identification
of cytokine genes that significantly contribute to
the immune response.*

In agreement with previous studies®* MTA induces
ahost-protective proinflammatory response, increasing
the expression of proinflammatory cytokinesin the
initial phase after its placement (7 to 14 days) and
favouring the expression of immunoregulatory
cytokines in the late phase (21 days). In this study,
with the intention of potentiating the immune
response, inorganic Se was added to MTA to affect,
the proliferation, differentiation, and function of
immunological cells '®192021222332

The expression of the proinflammatory cytokines
IL-1a, IFN-y, RANK, RANKL, and IL-17 and the anti-
inflammatory cytokines TGF- and IL-4 was at basal
levelsat7,14, and 21 days in the control and experimental
groups. Similar to the outcomes demonstrated, MTA/Se
does not interfere with IFN-y expression.* Conversely,
we reported an increase in TNF-a, IL-4, and RANKL
expression by macrophages in vitro on days 7 and 14,
followed by a decrease on day 21.°
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Some inflammatory cytokines play essential
roles in the innate immune response. IL-1 and
TNF-a induce the expressions of adhesion molecules
by endothelial cells, increasing the trafficking of
phagocytes during inflammation.??*%3%34 Moreover,
these cytokines induce pulpal inflammation® and
bone resorption in inflamed periradicular tissues.®
In this study, when comparing the expression of
TNF-o between the control and experimental groups,
a significant increase in its expression was observed
on day 21 in the experimental group. On the other
hand, MTA did not interfere with the production of
TNF-a by M1 and M2 macrophages.! However, an
increase in the production of TNF-a by T-memory
lymphocytes was observed on days 7 and 14, followed
by a reduction on day 21 in the presence of MTA.%
Previously, it was demonstrated that macrophages
stimulated with lipopolysaccharide in Se-free
cultures secrete significantly lower levels of TNF-a,
IL-1B, and IL-6 compared to cultures stimulated
with LPS in the presence of Se.** Accordingly, in
this study, the increase in TNF-a expression on
day 21 was found only in perforations treated
with MTA/Se. Moreover, TNF-a has numerous
biological activities, including the ability to stimulate
neoangiogenesis.”’ This finding suggests that the
increased expression of TNF-a in the perforations
treated with MTA/Se may stimulate the initiation
and progression of angioproliferative processes
that will culminate in furcal perforation healing,
as demonstrated elsewhere.?®

IL-10 is a regulatory cytokine that inhibits
proinflammatory responses.’* IL-4 and IL-10
expression is generally reduced in the initial
phase and increased in the late chronic phase of
the immune response.*’ Similar to what has been
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ANEXOS

UNIVERSIDADE FEDERAL DE MINAS GERAIS

CEUA
COMISSAD DE ETICA NO USO DE ANIMAIS

CERTIFICADO

Certificamos que o Protacolo n®, 67 / 2014, relativo ao projeto intitulado "Perfuragdes experimentais de furca tratadas com MTA
acrescido de Selénio : Andlise da Resposta Imune.”, que tem comao responsavel Antdnio Paulino Ribeiro Sobrinho, esta de acordo
com os Principios Eticos da Experimentacdo Animal, adotados pela Comissdo de Etica no Uso de Animais (CEUA/UFMG), tendo
sido aprovado na reunido de 10/06/2014, Este certificado espira-se em 10/06,/2019.

CERTIFICATE

We hereby certify that the Protocol n®, 67 / 2014, related to the Project entilted “Experimental furcation perforations treated with
MTA plus Selenium: Analysis of the Immune Response.”, under the supervision of Anténio Paulino Ribeiro Sobrinho, is in agreement
with the Ethical Principles in Animal Experimentation, adopted by the Ethics Committee in Animal Experimentation (CEUA/UFMG),
and was approved in 10/06/2014. This certificates expires in 10/086/2019.

Jacqueline Isaura Alvarez Leite
Coordenador(a) da CEUA/UFMG
Belo Horizonte, 10/06,/2014.
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