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RESUMO

Objetivo: Avaliar, em um modelo de camundongo gnotoxénico, o perfil da expressdo de
citocinas que modulam o desenvolvimento de lesdes periapicais em resposta a sinergia de
patdgenos humanos.

Metodologia: Os microrganismos isolados de um paciente, sabidamente sinérgicos, in vitro,
foram inoculados em canais radiculares de camundongos isentos de germes (cepas de
Fusobacterium nucleatum e Peptostreptococcus prevotii) em mono ou em biassociacdo. Os
animais foram sacrificados no 7° e 14° dia apds a infecgdo, e os tecidos periapicais coletados.
Avaliou-se a expressdo das citocinas IFN-y, TNF-a, RANKL, IL-10, IL-4 e TGF-B por meio
do PCR quantitativo em tempo real.

Resultados: As expressdes do RNAm de IFN-y e TNF-a foram significativamente maiores
no grupo monoinfectado com F. nucleatum na fase aguda e cronica do desenvolvimento das
lesBes periapicais, respectivamente. No entanto, com estimulos F. nucleatum e P. prevotii no
grupo bi-infectado, observou-se pequena expressdao de IFN-y ¢ TNF-a em ambos 0s
momentos analisados. A expressédo do RNAm do RANKL diminuiu pelos estimulos
biassociados em fase crbnica (14 dias). IL-4 ndo estaria envolvida na resposta imune
periapical a essas infeccdes, pois sua expressdo foi similar em ambos os periodos analisados.
A citocina IL-10 expressou-se mais na fase cronica (14 dias), pelos grupos monoinfectados
com F. nucleatum e P. prevotii. Os estimulos da biassociacdo (F. nucleatum e P. prevotii)
aumentaram a expressdo de TGF-B no 7° dia, relacionando-se com a baixa expressdo de IFN-
y e TNF-o na mesma condicdo, ao mesmo tempo. Além disso, F. nucleatum em
monoinfecgdo aumentou a expressdo de TGF-B na fase cronica.

Concluséo: Pode-se concluir que o perfil de citocinas expresso nos tecidos periapicais, em

resposta a infeccdo de canais radiculares, depende do desafio bacteriano, pois ambas as



espécies selecionadas induziram uma resposta especifica no hospedeiro. Além disso, as
citocinas, TGF-p e IL-10, devem regular as respostas imunes pré-inflamatérias, na fase aguda

e cronica das respostas periapicais, respectivamente.

Palavras-chave: camundongos isentos de germes, citocinas, leséo periapical.



ABSTRACT

Aim: To examine the cytokine expression profile during periapical lesion development in
response to synergetic human pathogens in a gnotoxenic mouse model.

Methodology: Fusobacterium nucleatum and Peptostreptococcus prevotii strains were
isolated from a human patient and had been previously demonstrated to be synergistic in
vitro, because P. prevotii triggered a significant increase in the growth of F. nucleatum.
These strains were inoculated into the root canals of germ-free mice in either mono- or bi-
association. Animals were sacrificed seven and 14 days after infection, and periapical tissues
were collected. mRNA Expression of the cytokines IFN-y, TNF-a, RANKL, IL-10, IL-4, and
TGF-p was assessed using quantitative real-time PCR.

Results: The mRNA expression of IFN-y and TNF-a was significantly up-regulated by F.
nucleatum mono-infection during the acute and chronic phase of periapical lesion
development, respectively. However, in F. nucleatum and P. prevotii bi-infection the
expression of IFN-y and TNF-o were almost absent at both time points analysed. RANKL
MRNA expression was down-regulated during the bi-infection at the chronic phase (day 14).
As IL-4 expression was similar at both time points analysed, IL-4 does not appear to be
involved in the periapical immune response to these bacterial strains. The immunomodulatory
cytokine IL-10 was up-regulated during the chronic phase (day 14) by mono-infection with
either F. nucleatum or P. prevotii. Dual infection with F. nucleatum and P. prevotii increased
TGF-p mRNA expression on day 7, which paralleled the decrease in IFN-y and TNF-a
MRNA levels at the same time point. Additionally, F. nucleatum mono-infection increased
TGF-B mRNA expression during the chronic phase.

Conclusion: We conclude that the cytokine profile expressed in periapical tissues in response

to root canal infection depends on the nature of the bacterial challenge because we observed



species-specific host cytokine responses. Additionally, both TGF-p and IL-10 appeared to be
regulating the proinflammatory cytokine responses during both the acute and chronic phases

of the periapical immune response.

Keywords: cytokines, germ-free mice, periapical lesions.
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1 Introducéo

A contaminacdo bacteriana do tecido pulpar pode leva-lo a destruicdo e consequente
inducdo de uma lesdo periapical. A resposta de defesa do hospedeiro contra os agentes
irritantes oriundos do sistema de canais radiculares (SCR) infectados induz a liberacdo de
muitos mediadores inflamatorios que, ao prevenir a invasdo dos patdégenos nos tecidos
perirradiculares, paradoxalmente, leva a destruicdo localizada do tecido do hospedeiro
(TAKAHASH]I, 1998).

Estudos com técnicas de cultivo e de biologia molecular demonstram a etiologia
polimicrobiana das infeccbes endoddnticas (LANA et al., 2001; PETERS et al., 2002;
GOMES et al., 2004; SIQUEIRA Jr. et al., 2004; JACINTO et al., 2005; SAKAMOTO et al.,
2006; BRITO et al. 2007; SIQUEIRA Jr. et al., 2009; TAVARES et al., 2011). Como se
observa na doenca periodontal, a infeccdo endodéntica € mista, com o predominio de
espécies anaerdbias (LANA et al., 2001; PETERS et al.,, 2002; GOMES et al., 2004;
SIQUEIRA Jr. et al., 2004; BRITO et al. 2007; SIQUEIRA Jr. et al., 2009; NARAYANAN
& VAISHNAVI, 2010; TAVARES et al., 2011). A maioria das espécies encontradas nos
canais radiculares infectados também estaria presente nas bolsas periodontais (SUNDQVIST,
1992; BRITO et al.,, 2007). Como em qualquer infeccdo oportunista, na infeccdo
endodéntica, é dificil avaliar qual a composicdo da microbiota presente e o papel de cada
microrganismo no processo (SUNDQVIST, 1994; ZEHNDER et al., 2002; HAFFAJJE &
SOCRANSKY, 2005).

A correlacdo desses achados microbiologicos, muitas vezes, é afetada por certas
limitacOes de técnicas de cultura, que podem subestimar a diversidade bacteriana presente no
SCR infectados (GOMES et al., 2004; SIQUEIRA Jr. & ROCAS, 2005b). Recentemente, as

técnicas de biologia molecular possibilitaram a utilizacdo de métodos mais sensiveis e
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especificos para avaliar o perfil microbiano de patologias orais (ROLPH et al.,, 2001;
SIQUEIRA Jr. & ROQAS, 2005a; BRITO et al.,, 2007; SIQUEIRA Jr. et al., 2009;
TAVARES et al., 2011), permitindo um conhecimento melhor da composi¢do da microbiota
presente nos processos infecciosos endodonticos e periodontais.

No curso da infeccdo dos canais radiculares, fortes inter-relagdes microbianas
ocorrem, mudando o perfil microbiano ali presente. Alguns fatores podem interferir nessas
inter-relacOes, tais como: o ambiente especifico; as pressdes seletivas existentes nos canais
radiculares (SUNDQVIST, 1992); os nutrientes; o pH; a temperatura e a tensdo de oxigénio
(SUNDQVIST, 1992; SIQUEIRA Jr. et al. 2009). Sabe-se que as relagbes microbianas
podem ser sinergisticas ou antagdnicas (SUNDQVIST, 1992; SOCRANSKY et al., 1998;
OLIVEIRA et al., 1998; PETERS et al., 2002; SOCRANSKY & HAFFAJEE, 2005). O
sinergismo ocorre quando o metabolismo de uma espécie produz nutrientes e fatores de
crescimento que beneficiam outra espécie microbiana. O antagonismo se expressa quando um
microrganismo produz substancias que podem ser tdxicas e ou inibir o crescimento de outras
espécies ali presentes. Essas relagcdes influenciam de forma decisiva a colonizacdo e o
estabelecimento da microbiota infectante no SCR (SUNDQVIST, 1992; CAIRES et al.,
2007).

O estudo das relagdes hospedeiro—microrganismo nao € simples, em fungdo da
complexidade dos microrganismos e pela multiplicidade de fatores que influenciam a
composicdo microbiana de um determinado sitio (SOCRANSKY & HAFFAJEE, 2005). Os
elementos microbianos também ativam diferentes reagcGes imunes no hospedeiro (JONTELL
et al., 1998). Muitos dos efeitos patogénicos microbianos sobre os tecidos periapicais operam
de forma indireta, via estimulacdo de mediadores soltveis derivados do hospedeiro, como as
citocinas. Diversos estudos procuram identificar esses mediadores inflamatdrios envolvidos

no desenvolvimento das lesdes perirradiculares, inclusive os relacionados a atividade de
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reabsorcdo 6ssea (STASHENKO et al.,, 1987; KAWASHIMA & STASHENKO, 1999;

VERNAL et al., 2006; FUKADA et al., 2009).

Todos os tipos de células inflamatdrias, que medeiam tanto a resposta inflamatoria
especifica quanto a ndo-especifica, infiltram-se na regido periapical em resposta a infeccao
radicular. Esse processo inclui: ativagdo dos PMN e dos macréfagos; hipersensibilidade do
tipo tardia; reacdes citotoxicas; resposta anafilatica; complexos imunes e hipersensibilidade
mediada por complemento, assim como a producdo de citocinas por linfocitos, macréfagos e
células do tecido conjuntivo do hospedeiro, metabolitos do &cido aracddnico e cininas
(STASHENKO et al., 1998).

As células T tém um papel central na resposta imune celular (KAWASHIMA et al.,
1996; TAKAHASHI, 1998). Em lesdes periapicais e outras doencas inflamatorias, existem
pelo menos quatro subtipos diferentes de resposta Th: Thl, Th2, Thl7 e Treg (DIVEU et al.,
2008; McGEACHY & CUA, 2008; QUEIROZ-JUNIOR et al., 2010; GARLET, 2010). A do
tipo 1 (Thl) caracteriza-se pela producdo de TNF-a, IFN-y, IL-2, IL-1 e a do tipo 2 (Th2),
pela producdo de I1L-4, IL-5, 1L-13 (RIBEIRO-SOBRINHO et al., 2002; COLIC et al., 2009;
TEIXEIRA-SALUM et al., 2010). Essas respostas tém regulacdo cruzada, e suas citocinas
sdo antagonicas. Entretanto, ambas as respostas podem ser suprimidas por células Treg e/ou a
producéo de IL-10 e TGF-p (FUKADA et al., 2009; TEIXEIRA-SALUM et al., 2010).

As citocinas sdo proteinas regulatorias que desempenham importante papel na
modulacdo das respostas imunes, incluindo ativacdo, proliferacdo, diferenciacao,
sobrevivéncia e apoptose dos linfécitos. Secretadas por diferentes tipos celulares, sdo
mensagens intercelulares pelas quais as células envolvidas nas respostas imunoldgicas se
comunicam (SEYMOUR & TAYLOR, 2004). Stashenko et al. (1998) propuseram um

modelo para a agdo regulatoria dessa rede de citocinas sobre a inflamagdo periapical. Nesse
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modelo, as citocinas sintetizadas pelo subgrupo Thl estimulariam a producdo de IL-1 e de
outras citocinas pré-inflamatdrias que ativariam a reabsor¢do Ossea perirradicular.
Atualmente, ja se sabe que a reabsorcdo dssea esta correlacionada a expressdo de RANK e
seu ligante 0 RANKL, além da atividade das citocinas envolvidas na resposta Thl (VERNAL
et al., 2006; FUKADA et al., 2009).

O RANKL expressa-se em niveis mais elevados nos 0ssos e nos tecidos linfoides.
Atua no tecido 6sseo estimulando a diferenciacdo dos osteoclastos (LACEY et al., 1998). O
RANKL tem também uma serie de efeitos sobre as células imunes, incluindo a inibicdo da
apoptose de células dendriticas (WONG et al., 1997). Em condi¢des homeostaticas, os niveis
de RANKL e osteoprotegerina (OPG) precisam se equilibrar. Na presenca de estimulo
inflamatorio, a expressdo de RANKL aumenta nos tecidos periodontais e periapicais,
estimulando a atividade dos osteoclastos e reabsor¢do dssea patoldgica (MENEZES et al.,
2008; GRAVES et al.,, 2011). Camundongos nocautes para 0 RANKL apresentam
osteopetrose severa com defeitos de erupcdo dentaria. Esses animais apresentam também uma
completa auséncia de osteoclastos diferenciados, além de defeitos na diferenciagdo de células
T e B (KONG et al., 1999; KHOSLA, 2001).

A identificacdo do sistema OPG/RANKL/RANK, como mediador final da
osteoclastogénese, representou um grande avango no conhecimento da biologia 6ssea. A
clonagem e a caracterizacao inicial da OPG como um receptor soltvel chamariz, pertencente
a superfamilia de receptores de TNF, foram a base do esclarecimento desse sistema.
Posteriormente, identificou-se 0 RANKL como o mediador chave da osteoclastogénese,
expresso tanto de forma ligada a uma membrana, quanto de forma soltvel. Demonstrou-se o
papel decisivo desses fatores na regulacdo do metabolismo ésseo pelos resultados de
fenotipos esqueléticos (osteoporose versus osteopetrose) em camundongos com alteracfes na

expressao dessas moléculas (KHOSLA, 2001).
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O fator de necrose tumoral alfa (TNF-a) é um potente mediador imunoldgico das
respostas inflamatdrias agudas e cronicas, com capacidade de aumentar a reabsorcdo Gssea
(BIRKCDAL-HANSEN, 1993). E considerado o principal mediador da resposta inflamatoria
aguda induzida por bactérias Gram-negativas e outros microrganismos infecciosos. O
estimulo mais importante para ativar a producéo de TNF pelos macréfagos é o LPS, principal
fonte celular de TNF, embora as células T ativadas, NK e mastocitos também possam secretar
essa citocina (ABBAS et al., 2008). O IFN-y produzido pelas células T e pelas NK aumenta a
sintese do TNF pelos macrofagos estimulados por LPS (ABBAS et al., 2008). Em 2007, De
Sa et al. sugeriram que, apesar do TNF-o ndo apresentar papel relevante na patogenia do
abscesso dental sintomaético, ele tem papel de destaque durante a inflamacdo crénica em
tecidos. Kawashima et al. (2007) demonstraram que a expressdo de TNF-a, IL-1f, IL-1a €
IL-10 aumenta em lesdes periapicais experimentalmente induzidas em animais apds duas
semanas de exposicao dos SCR a microbiota oral.

O IFN-y é a principal citocina ativadora de macrofagos e exerce fungdes criticas na
imunidade inata e na imunidade adaptativa mediada por células (ABBAS et al., 2008). Os
macrdéfagos respondem a muitos microrganismos, incluindo bactérias intracelulares e
produtoras de LPS, secretando 1L-12, que induz a producéo local de IFN-y pelas células NK e
linfocitos T (ABBAS et al., 2008). O IFN-y estimula os macréfagos a destruir os
microrganismos fagocitados, exacerbando sua acdo microbicida, possibilitando a sintese de
intermedidarios reativos do oxigénio e o 6xido nitrico (NO). O IFN-y promove a diferenciac¢do
das células T CD4" naives (virgens) em uma subpopulagdo Thl e inibe a proliferacio das
células Th2 (ABBAS et al., 2008). Ativa os neutrdfilos e provoca a acdo citotoxica das
células NK (ABBAS et al., 2008). A expressdo do IFN-y desencadeia-se primeiramente pela

IL-12 e é regulada negativamente pela IL-10 (COLIC et al., 2010).
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Em culturas de células mononucleares retiradas de lesdes periapicais humanas, Colic
et al. (2006) perceberam altos niveis de IFN-y enquanto os niveis de IL-4 assemelhavam-se
aos observados no grupo controle. Diante desse resultado, esses autores concluiram que
ocorre uma predominancia de resposta imune Th1 em lesdes periapicais cronicas.

De Rossi et al. (2008) avaliaram citocinas pr6 e anti-inflamatérias no
desenvolvimento das lesdes perirradiculares. Observaram nos camundongos IFN-y”™ que as
lesbes periapicais eram maiores que as dos animais selvagens, e que, pelo menos
individualmente, o IFN-y enddgeno teria efeito protetor na patogénese de reabsorcdo Ossea
periapical tardia in vivo. Constataram que as citocinas I1L-4 e 1L-10 tém diferentes fungdes na
modulacdo da destruicdo éssea. Camundongos deficientes para a IL-10 apresentaram lesdes
periapicais muito maiores do que as dos deficientes para IL-4. Afirmaram que a IL-4,
aparentemente, ndo demonstrou nenhum efeito significante na modulagdo da leséo periapical,
apresentando lesbes muito similares as dos animais controle selvagens. Esses autores
deduziram que inUmeros mecanismos se envolvem nas mudancgas patoldgicas associadas a
lesbes periapicais agudas e cronicas. Seus trabalhos sugeriram que, pelo menos
individualmente, o IFN-y, a IL-10, o ICAM-1 e 0 CCR5 desempenham importantes papéis na
patogénese das alteracbes perirradiculares, atuando como supressores enddgenos no
desenvolvimento das alteracbes periapicais. A IL-4 ndo apresentou efeito significativo na
modulacdo da lesdo periapical. J& Watanabe et al. (1990) afirmaram que a IL-4 é um potente
inibidor de reabsorc¢do dssea.

A IL-4 é o principal estimulo para a producdo de anticorpos IgE e para o
desenvolvimento das células Th2 a partir de células virgens T CD4". A IgE é a principal
mediadora das reacOes de hipersensibilidade imediata (alérgicas). A IL-4 antagoniza 0s
efeitos da expressao de interferon pelos macrofagos inibindo as reagGes imunes mediadas por

células. Esse pode ser um dos mecanismos pelos quais as células Th2 atuam como inibidoras
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da resposta imune (ABBAS et al., 2008). Durante a osteoclastogénese, a IL-4 regula a
reabsorcdo dssea, atuando diretamente nos precursores osteoclasticos pela inibi¢do das vias
de sinalizacdo do RANKL (MANGASHETTI, 2005). De Sa et al. (2003), ao avaliarem
quinze pacientes assintomaticos com granuloma periapical, observaram alta freqtiéncia de
celulas expressando IL-4. Observaram uma clara correlacdo entre as células IL-4 positivas e a
intensidade de infiltrado inflamatdrio. A 1L-4, segundo os autores, seria uma citocina chave
na resposta do tipo Th2.

A 1L-10 é produzida por monocitos, macréfagos e linfécitos (MOORE et al., 1993;
MOSMANN et al., 1994; ABBAS et al., 2008). Foi originalmente identificada pela sua
habilidade em antagonizar a imunidade celular (DE WAAL et al., 1991). Entre as suas
caracteristicas destaca-se a potente qualidade imunossupressora, deprimindo a ativacdo de
células mononucleares e prevenindo a producdo de mediadores da inflamacdo (DE WAAL et
al., 1991; FIORENTINO et al., 1991). Essas ag0es sdo excelentes exemplos de reguladores
de feedback negativo (ABBAS et al., 2008); inibem a capacidade de apresentacdo de
antigenos em monacitos, pela regulacdo negativa do MHC de classe 1l nessas células (DE
WAAL et al., 1991) e a expressdo de moléculas co-estimuladoras, in vitro (WILLEMS et al.,
1994). Seus efeitos bioldgicos seriam consequéncia de sua habilidade em inibir muitas das
fungdes dos macrofagos ativados, como por exemplo, a producdo de IL-12 e TNF-o (ABBAS
et al., 2008). Camundongos nocautes para a IL-10 desenvolvem doenca inflamatoria
intestinal, provavelmente como resultado da acdo descontrolada dos macr6fagos reagindo aos
microrganismos entéricos (ABBAS et al., 2008).

Sasaki et al. (2000) examinaram o efeito da IL-4 e da IL-10 na destruicdo 0ssea
periapical em infeccdes de canais radiculares em camundongos nocautes para a IL-4 (IL-47")

e a IL-10 (IL-10™). Concluiram que a IL-10, mas n&o a IL-4, é um importante supressor
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endogeno de reabsorcdo 6ssea induzida pela infeccdo, agindo provavelmente pela inibi¢éo da
expressao de IL-1a.

O TGF-B ¢ uma citocina regulatoria com potente efeito imunossupressor, sabidamente
associada aos efeitos inibitorios da reabsorgdo 6ssea e a inibi¢do da producédo de citocinas do
tipo 1 (Th1). Pouco se conhece, porém, do seu real papel nas lesdes periapicais (TEIXEIRA-
SALUM et al., 2010). O efeito inibitorio do TGF-p foi descrito pela primeira vez em 1986
por Kehrl e colaboradores. Observou-se que ele impedia a proliferacdo de células B e T
(WAN & FLAVELL, 2008). Entretanto, a evidéncia definitiva de seu papel veio com a
analise das respostas a infeccdo em camundongos deficientes para esse gene (WAN &
FLAVELL, 2008). Atualmente, sabe-se que 0 TGF-f inibe a proliferagdo e diferenciagdo das
células T e a ativacdo dos macrofagos. Atua também em outras células, como os leucdcitos
polimorfonucleares e as células endoteliais, em grande parte contrabalanceando os efeitos das
citocinas pré-inflamatérias. Camundongos nocautes para o gene TGF-B1 desenvolvem lesfes
inflamatorias descontroladas, sugerindo que essa citocina é necessaria para a manutencao da
homeostase (STASHENKO et al., 1998; ABBAS et al., 2008; WAN & FLAVELL, 2008).

Teixeira-Salum et al. (2010) avaliaram os niveis de NO, IL-4, TGF-B, TNF-a e IFN-y
em lesGes periapicais, determinando sua possivel associagdo com parametros clinicos e
radiograficos. Concluiram que os granulomas periapicais apresentam um ambiente
regulatorio caracterizado por alta expressdo de TGF-p e pouca de citocinas pro-inflamatorias,
enquanto os cistos radiculares exibem uma resposta inflamatéria mista (Thl e Th2), com a
presenca de IFN-y, TNF-a ¢ IL-4.

Membros da superfamilia do TGF-B sao reguladores do crescimento celular, sua
diferenciacéo, reparo e inflamacdo. TGF-B1 ¢ o tipo predominantemente mais expresso pelo
sistema imune (BOTTINGER et al.,, 1997; WAN & FLAVELL, 2008). Camundongos

deficientes para TGF-B (TGF-B™) embora normais ao nascimento, rapidamente desenvolvem
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um resposta inflamatoria multifocal caracterizada por um denso infiltrado inflamatdrio de
linfocitos e macrofagos, nos principais 6rgdos, na polpa dental e na regido periapical
(BOTTINGER et al., 1997; STASHENKO et al., 1998). Para melhor investigar a funcdo do
TGF-B, muitos autores usam métodos para bloquear a sinalizacdo dessa molécula, com
anticorpos para seus receptores (WAN & FLAVELL, 2008).

Muitos laboratérios utilizam um modelo animal de inducdo de patologias pulpar e
periapical. Induzem a exposi¢do pulpar experimental e subsequente infeccdo do SCR por
microrganismos oriundos do ambiente oral (STASHENKO et al., 1998; KAWASHIMA &
STASHENKO, 1999; KAWASHIMA et al., 2007; DE ROSSI et al., 2008; ALSHWAIMI et
al., 2009; SILVA et al.,, 2011). Nesse modelo, a destruicdo dssea periapical inicia-se
precocemente, com um rapido periodo de destruicdo Ossea, observado entre o sétimo e o
décimo quarto dias (fase ativa) apds a exposicao pulpar, seguido por uma fase mais lenta de
reabsorcdo 6ssea (fase cronica) (TANI-ISHI et al., 1995; KAWASHIMA & STASHENKO,
1999). Acredita-se que esse processo assim se desenvolve porque, nas fases iniciais, 0
sistema imune tende a eliminar e controlar a infeccdo utilizando efetores inflamatdrios
apropriados. Numa fase posterior, a resposta imune parece se associar a uma toxicidade
minima, quando se tenta conter os agentes infecciosos que ndo foram eliminados
precocemente (MANETTI et al., 1993).

Os avangos em engenharia genética e o desenvolvimento de camundongos
imunodeficientes (nocautes) nos anos 90 contribuiram para o surgimento de novos conceitos
e modelos de pesquisa em imunologia (MAK et al., 2001). Esses avangos contribuem para o
esclarecimento de muitas duvidas relacionadas a patogénese das alteracfes perirradiculares,
principalmente quanto a participacdo das respostas efetoras e sua modulacdo pelo sistema
imune hospedeiro. Dentre essas respostas destacam-se: 0s efeitos bacterianos sobre a

imunidade ndo especifica, prevenindo ou reduzindo a inflamacéo periapical (MARCATO et
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al., 2008); as respostas imunes especificas, prevenindo a disseminacdo de infeccGes
endodonticas (TELES et al., 1997; HOU et al., 2000); a regulacdo imune dos processos
inflamatorios periapicais (SASAKI et al., 2000). O estudo da resposta inflamatdria periapical
também envolve outros aspectos, tais como: a ecologia e a patogenicidade microbianas; a
regulacdo das respostas imune: inata e adaptativa; os seus efeitos sobre os tecidos periapicais.
A melhor compreensdo desses aspectos oferecera melhores condigdes para se estudar as
vérias facetas dessa patogenia (RIBEIRO-SOBRINHO et al., 2002). E nesse contexto que a
utilizacdo de animais germ-free traz uma grande contribuicdo as pesquisas na 4rea,
permitindo a observacdo dos reais efeitos de agentes etioldgicos especificos sobre os tecidos
pulpo-perirradiculares, sem a interferéncia de uma microbiota residente. Entretanto, esse
modelo precisa incorporar 0s avangos conquistados com a engenharia genética, que levou ao
desenvolvimento de camundongos nocautes para determinados genes aqueles em condicdes

isentas de germes.
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2 Objetivos

Objetivo geral:
Avaliar a resposta imune dos tecidos perirradiculares de camundongos gnotoxénicos
submetidos a uma infeccdo endoddntica experimental com microrganismos recuperados de

uma infeccdo radicular humana.

Objetivos especificos:

1) Avaliar o perfil imune periapical de camundongos isentos de germes, frente a
inducdo de uma infecgdo mista, constituida de microrganismos recuperados de
infecgdes radiculares humanas - Fusobacterium nucleatum e Peptostreptococcus
prevotii - e que, sabidamente sinergizam in vitro; comparar os efeitos individuais
dessas espécies, quando inoculadas em monoinfeccdo;

2) Quantificar por Real Time PCR a expresséo das citocinas IFN-y, TNF-a, RANKL,
IL-10, IL-4, e TGF-B nos tecidos perirradiculares desses animais, no 7° ¢ 14° dias

apos a infeccdo experimental.
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Abstract

Aim: To examine the cytokine expression profile during periapical lesion development in
response to synergetic human pathogens in a gnotoxenic mouse model.

Methodology: Fusobacterium nucleatum and Peptostreptococcus prevotii human isolated
strains had been previously demonstrated to be synergistic in vitro. These strains were
inoculated into the root canals of germ-free mice in either mono- or bi-association. Animals
were sacrificed 7 and 14 days after infection, and periapical tissues were collected. mMRNA
expression of the cytokines IFN-y, TNF-a, RANKL, IL-10, IL-4, and TGF-p was assessed
using real-time PCR.

Results: The mRNA expression of IFN-y and TNF-a was up-regulated by F. nucleatum
during the acute (day 7) and chronic phase (day 14) of periapical lesion development.
However, in bi-infection the expression of IFN-y and TNF-o were almost absent at both time
points. RANKL mRNA expression was down-regulated during dual-infection at the chronic
phase. As IL-4 expression was similar at both time points, IL-4 does not appear to be
involved in the periapical response to these bacterial strains. 1L-10 was up-regulated during
the chronic phase by mono-infection with either F. nucleatum or P. prevotii. Dual infection
increased TGF-B mRNA expression on day 7, which paralleled the decrease in IFN-y and
TNF-o. mRNA levels at the same time point. F. nucleatum increased TGF-p mRNA
expression during the chronic phase.

Conclusion: The cytokine profile expressed depends on the nature of the bacterial challenge
because we observed species-specific host cytokine responses. Both TGF-B and IL-10
appeared to be regulating the proinflammatory cytokine responses at both time points of the
periapical immune response.

Keywords: cytokines, germ-free mice, periapical lesions.
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Introduction

All bacteria that colonise the oral cavity can invade the root canal system (RCS).
Currently, studies using molecular biology techniques have demonstrated the polymicrobial
aetiology of endodontic infections (Lana et al. 2001; Gomes et al. 2004; Brito et al. 2007,
Siqueira Jr. et al. 2009). Several bacterial species have been associated with the pathogenesis
of periradicular diseases, with anaerobic bacteria prevalent in these infections (Lana et al.
2001; Peters et al. 2002; Gomes et al. 2004; Siqueira Jr. et al. 2004; Brito et al. 2007;
Siqueira Jr. et al. 2009; Narayanan & Vaishnavi 2010; Tavares et al. 2011). Selective
environmental pressures (Sundqvist 1992; Siqueira Jr. et al. 2009) present in root canals, such
as nutrients, oxygen availability, and microbial interactions contribute to the anaerobic status
of invading bacteria. Additionally, microbial interactions, which can be synergistic or
antagonistic (Socransky et al. 1998; Oliveira et al. 1998; Peters et al. 2002; Socransky &
Haffajee 2005), are important factors in the establishment and colonisation of the root canal
(Caires et al. 2007; Sundgvist & Figdor 2007). Synergism occurs when the metabolism of a
species produces nutrients and growth factors that are reliable food sources for another
species, while antagonism occurs when a microorganism produces substances that may be
toxic to or inhibit the growth of another species (Sundqvist 1992; Caires et al. 2007).
Moreover, it has been shown, in polymicrobial infections, that the pathogenic effects of the
microorganisms are affected by synergistic bacterial relationships (Metzger et al. 2009).

In turn, the host response to infection in the RCS is complex and involves the
recruitment of inflammatory cells to the periapical tissues and an extensive network of
immune mechanisms, including cytokine production (Seymour & Taylor 2004; Prso et al.
2007; De Rossi et al. 2008; Gazivoda et al. 2009). Periapical lesion development depends on
the proinflammatory and immunomodulatory cytokines released during infection and the

inflammatory restrictions that occur during the chronic phase of lesion development (Ribeiro-
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Sobrinho et al. 2002; Colic et al. 2009, 2010; Teixeira-Salum et al. 2010). It has been
proposed that proinflammatory cytokines, such as IFN-y, TNF-a and RANKL, play a
fundamental role in periapical bone destruction (Menezes et al. 2008). IFN-y is a key
mediator of macrophage activation that up-regulates IL-1 and TNF-a expression (Kawashima
et al. 2007; Colic et al. 2009; Gazivoda et al. 2009). IFN-y secretion is primarily triggered by
IL-12 and down-regulated by IL-10 (Colic et al. 2010). TNF-a is a soluble mediator that
plays a role in initiating and coordinating the cellular events associated with the immune
response to infection (Prso et al. 2007) by up-regulating the host response to bacteria and
stimulating bone resorption (Graves et al. 2011). Bone resorption depends on the balance
between the production of RANKL, which promotes osteoclast differentiation, and its natural
decoy receptor, OPG (Kawashima et al. 2007; Menezes et al. 2008; Colic et al. 2010; Graves
et al. 2011). Studies performed in vivo suggest that IFN-y and TNF-a influence the regulation
of periapical bone resorption by inducing NO (Fukada et al. 2009; Silva et al. 2011).
Additionally, IFN-y may interact with TNF-a to induce the overexpression of RANKL and
activate osteoclastic bone resorption (Fukada et al. 2009; Teixeira-Salum et al. 2010). The
synergistic effects of RANKL and proinflammatory cytokines are induced in the periapical
area in response to bacterial stimuli, which then contribute to periapical lesion expansion
(Kawashima et al. 2007; De Rossi et al. 2008).

Conversely, immunosuppressive mechanisms are responsible for healing and
restricting inflammation in periapical lesions (Ribeiro-Sobrinho et al. 2002; Colic et al. 2009,
2010; Teixeira-Salum et al. 2010). TGF-B is known to inhibit bone resorption during
osteoclast formation and differentiation (Gazivoda et al. 2009; Teixeira-Salum et al. 2010)
and is an important regulatory cytokine with potent immunosuppressive effects. Furthermore,
TGF-B inhibits the production of IL-1, TNF-a, IFN-y while also antagonising the biological

activities of these cytokines (Colic et al. 2009). However, little is known about the role of
36



TGF-B in the pathogenesis of human periapical lesions. Similarly, IL-4 has been show to
exert an inhibitory effect on bone resorption by generating negative effects on osteoclasts
while stimulating the synthesis and mineralisation of bone matrix (Teixeira-Salum et al.
2010). IL-4 also stimulates the humoral immune response by inducing antibody production
and B cell differentiation (Colic et al. 2006; Garlet 2010). IL-10, which is produced by APCs,
T regulatory cells and other cell types, is important in the downregulation of the
inflammatory processes in advanced lesions (Gazivoda et al. 2009) and plays an important
role in bone tissues partly through the induction of OPG synthesis (Sasaki et al. 2000; Colic
et al. 2010).

The aim of this study was to evaluate the cytokine expression profile during periapical

lesion development in response to synergetic human pathogens in a gnotoxenic mouse model.
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Materials and Methods
Mice

Germ-free mice aged 4 to 8 weeks (Swiss/NIH, ICB, Universidade Federal de Minas
Gerais, Belo Horizonte, Brazil) were used and kept in Trexler-type isolators (Class
Biologically Clean, Madison, WI, USA). For experimental procedures, the animals were
transferred into microisolators (UNO Roestvastaal BV, Zevenaar, The Netherlands). All
manipulations were performed under sterile conditions in a laminar flow hood (Veco,
Campinas, Brazil). The animals were fed ad libitum. The experimental protocol was

approved by the animal ethics committee (151/2010, CETEA/UFMG).

Microorganisms

The microorganisms used were recovered from a patient treated at the Endodontic
Clinic of the Dentistry School of the Universidade Federal de Minas Gerais. The bacteria
recovered were Fusobacterium nucleatum and Peptostreptococcus prevotii; their
identification has previously been described (Moreira Jr. et al. 2011). The isolated strains
were stored at -70°C and re-grown in pre-reduced brain heart infusion broth supplemented
with haemin and menadione (BHI-SPRAS) (Difco, Detroit, MI, USA). Incubations were
performed at 37°C in an anaerobic chamber containing an atmosphere of 85% N, 10% H,

and 5% CO, (Forma Scientific Company, Marietta, OH, USA).

Experimental root canal infection

The experimental procedures were performed with the animals under general
anaesthesia; the animals were anesthetised using 100 mg/kg ketamine hydrochloride
(Dopalen, Division Vetbrands Animal Health, Jacarei, SP, Brazil) and 10 mg/kg xylazine

(Anasedan, Agribrands do Brasil Ltda, Paulinia, SP, Brazil). The pulpal chamber of the upper
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right first molar was accessed with an endodontic operative microscope (Alliance, Sdo Paulo,
SP, Brazil) and a ¥ carbide bur (KG Sorensen, Barueri, SP, Brazil) coupled to a controlled
rotation hand piece (Driller, S&o Paulo, SP, Brazil). The pulpal chambers were opened until
the entrances of the canals could be visualised and probed with a n° 8 endodontic K file.
There were no surgical interventions on the upper left first molar, which served as the
control. For root canal infections, the concentration of the bacterial samples, which were
grown in BHI-SPRAS (Difco), was adjusted to be approximately 10" CFU/25pl in the same
broth. Bacterial suspensions were inoculated into the root canal system using tuberculin
syringes and needles; following inoculation, the cavities were sealed with paraffin (Ribeiro-
Sobrinho et al. 2001). Three groups of mice were inoculated as follows: group I, P. prevotii
and F. nucleatum strains; group Il, F. nucleatum; and group Ill, P. prevotii. Six mice were
used for each experimental group per time point; time points were 7 and 14 days after the

surgical procedure.

Sample preparation

The mice were sacrificed at 7 and 14 days after root canal inoculation. The periapical
tissues surrounding the root apices and the bone subjected to surgery was aseptically
removed, rinsed in phosphate-buffered saline, flash frozen in a mixture of dry ice and ethanol
and stored at -70°C. Total periapical tissues and bone RNA was isolated using TRIzol reagent
(Gibco/BRL Laboratories, Grand Island, NY, USA). After the addition of TRIzol, chloroform
was added, and the mixture was centrifuged at 12,000 x g at 4°C for 15 minutes. The aqueous
phase was then collected, and the RNA was precipitated by the addition of isopropanol
followed by centrifugation at 12,000 x g at 4°C for 10 minutes. The precipitated RNA was
washed once with cold 75% ethanol, dried, dissolved in RNase free water, incubated at 55°C

for 10 minutes and then stored at -70°C.
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Real-time PCR

Complementary DNA was synthesised using 2 ug of RNA by reverse transcription as
described by Silva et al. (2008). The standard PCR conditions were as follows: a holding
stage of 95°C for 10 minutes; a cycling stage with 40 cycles of 95°C for 15 sec, 60°C for 1
minute; and a melting curve stage of 95°C for 15 sec, 60°C for 1 minute, and 95°C for 15 sec.
The primer sequences used for the analysis of IL-4, IL-10, TNF-a, IFN-y, RANKL and TGF-
B mRNA expression by quantitative real-time PCR are shown in Table I. Real-time PCR was
performed using the Step One Real-time PCR System (Applied Biosystems, Foster City, CA,
USA). In addition, the SYBR-Green detection system (Applied Biosystems) was used to
assay primer amplification. The housekeeping gene hypoxanthine phosphoribosyltransferase
(HPRT) was also amplified and used to normalise mRNA expression levels. All samples
were run in duplicate in a 20 pl reaction volume with 1 pg of cDNA. Sequence Detection
Software, version v 2.0 (Applied Biosystems), was used to analyse the data after
amplification. The results were obtained as threshold cycle (Ct) values, which represent the
cycle number at which the fluorescence levels passed a fixed threshold. Expression levels
were calculated using the AACt method. The Ct values are expressed as the mean of two
independent measurements, and the expression levels of mMRNA for all samples are expressed
as the ratio between the expression of the gene of interest and the expression of HPRT. All
data were analysed using the SPSS statistical program (SPSS Inc, Chicago, IL, USA).
Levene’s test was used to assess the equality of variance of the data, whereas a t-test for
independent samples was used to evaluate the significance of the differences observed
between groups. Differences in mMRNA expression levels were considered to be statistically

significant when the p-value was < 0.05.
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Results

Real-time PCR analyses of IFN-y, TNF-a, RANKL, IL-10, IL-4, and TGF-f mRNA
expression levels were performed with periapical samples from gnotoxenic mice. At day 7
post-inoculation, the mRNA expression of IFN-y was significantly increased by F. nucleatum
infection compared to P. prevotii infection and infection with both strains. However, at day
14 post-inoculation, IFN-y mRNA expression in F. nucleatum infection was markedly
diminished, which resembled the IFN-y mRNA expression levels present in the response to
infection with P. prevotii or both strains. Conversely, the expression of TNF-a was
significantly increased by F. nucleatum infection at day 14 compared to P. prevotii infection
alone or infection with both F. nucleatum and P. prevotii. RANKL mRNA expression was
only down-modulated by dual infection in the chronic phase (Figure 1).

The immunomodulatory cytokine IL-10 was significantly up-regulated on day 14
post-inoculation by both F. nucleatum and P. prevotii mono-infections compared to its
expression to the same stimuli at day 7 post-inoculation. These results correlate with the
observed decrease in IFN-y mRNA expression at the same point. At day 14 post-inoculation,
the bi-association of these bacterial strains induced a decrease in I1L-10 expression. IL-4 does
not appear to be involved in the periapical immune response to these infections because its
expression was similar at both time points analysed in each infection situation. At day 7 post-
inoculation, TGF-B mRNA expression was significantly increased in response to F.
nucleatum and P. prevotii dual infection compared to mono-infection with either strain; this
result paralleled the decreased IFN-y and TNF-oo mRNA expression observed for dual
infection at the same time point. It was also observed that the F. nucleatum mono-infection
induced an increase in TGF-p mRNA expression during the chronic phase (day 14) compared
to the acute phase (day 7); however, TGF-p mRNA levels were decreased following F.

nucleatum mono-infection compared to P. prevotii mono-infection at both time points.
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Finally, dual infection significantly induced the down-regulation of TGF- mRNA expression

at day 14 post-inoculation (Figure 2).
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Discussion

This research hypothesised that the profile of cytokines expressed in periapical tissues
in response to a two-strain synergistic bacterial challenge would be different from an
infection with individual species. Several researchers have used animal models to assess the
periapical immune response to root canal infections (Kawashima & Stashenko 1999; Sasaki
et al. 2000; Ribeiro-Sobrinho et al. 2002; Kawashima et al. 2007; De Rossi et al. 2008;
Alshwaimi et al. 2009; Garlet et al. 2010; Silva et al. 2011). Currently, to induce RCS
infections, researchers open root canals and let them be contaminated by unknown microbiota
from the oral cavity (Kawashima & Stashenko 1999; Kawashima et al. 2007; Alshwaimi et
al. 2009; Silva et al. 2011). Several studies have used gnotobiotic animals, which permit the
evaluation of a specific microbial challenge as a model to study root canal infections
(Kakehashi et al. 1965; Ribeiro-Sobrinho et al. 2002, 2005). In this study, using synergistic
bacteria recovered from a human root canal for microbial challenge experiments (Moreira Jr.
et al. 2011), we evaluated the cytokine expression profile in the periapical tissues of
gnotoxenic mice.

IFN-y is the main activator of macrophages, which subsequently produce cytokines
and other mediators that play a significant role in the development of periradicular diseases
(Colic et al. 2006). Moreover, it has been proposed that IFN-y is critical for the suppression
of pathologic bone resorption associated with inflammation because it inhibits
osteoclastogenesis by interfering with the RANKL-RANK signalling pathway and induces
the rapid degradation of tumour necrosis factor receptor-associated factor 6 (Sasaki et al.
2004; Takayanagi et al. 2005; Queiroz-Junior et al. 2010). In our study, IFN-y mRNA
expression was significantly up-regulated by F. nucleatum infection compared to infection
with P. prevotii or both F. nucleatum and P. prevotii at day 7 post-infection. The increased

IFN-y mRNA expression on day 7 to F. nucleatum infection was paralleled with lower 1L-10
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expression at this time point; however, the relative expression of these two cytokines was
inverted on day 14 post-inoculation. These results are consistent with previous studies that
have shown that Thl immune responses, mediated by IFN-y, together with other
proinflammatory cytokines, are involved in lesion progression and bone destruction at the
beginning of periapical lesion development, while the immunosuppressive mechanisms
mediated by Th2 cytokines are responsible for healing and the restriction of the
inflammatory/immune mechanisms at the later phase of infection (Akamine et al. 1994,
Kawashima & Stashenko 1999; Lukic 2000). Moreover, the expression of IFN-y is primarily
triggered by IL-12 and down-regulated by IL-10 (Colic et al. 2010).

TNF-a is expressed early and in large quantities by macrophages in response to
infection and in human periapical lesion (Stashenko et al. 1998; Prso et al. 2007). Huang et
al. (2011) demonstrated that during Gram-negative polybacterial challenge, bacteria
synergise and induce the release of cytokines, such as TNF-a, from macrophages. Local
TNF-ao. production plays a role in up-regulating the host response to bacteria and in
stimulating bone resorption (Graves et al. 2011). Our results showed that the expression of
TNF-a was increased by mono-infection with Fusobacterium nucleatum at day 14 post-
inoculation. Gazivoda et al. (2009) have suggested that the exacerbation of the inflammatory
response to infection is most likely triggered by the enhancement of bacterial pathogenicity.
Taken together, these results demonstrate that the proinflammatory cytokines IFN-y and
TNF-o were significantly up-regulated only by mono-infection with Fusobacterium
nucleatum in different phases of periapical lesion development. Interestingly, when F.
nucleatum was associated with P. prevotii, both proinflammatory cytokines, IFN-y and TNF-
a, were almost absent at the both phases of infection (days 7 and 14 post-inoculation).

Bone resorption depends on the balance between the production of RANKL and its

natural decoy receptor, OPG (Kawashima et al. 2007; Menezes et al. 2008; Colic et al. 2010;
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Graves et al. 2011). When RANKL expression is enhanced, it binds to RANK and favours
osteoclast differentiation and bone resorption (Khosla 2001; Colic et al. 2010; Queiroz-Junior
et al. 2010; Graves et al. 2011). Although proinflammatory cytokines produced by IFN-y-
activated macrophages increased the expression of RANKL (Khosla 2001; Menezes et al.
2008), we observed that on day 7 post-inoculation the RANKL mRNA expression was
similar in both of the mono-infections and in the dual infection. However, RANKL mRNA
was down-modulated in chronic phase (day 14). Using a rat mice model, where molar pulps
were exposed and left open to the oral environment, Kawashima et al. (2007) observed the
expression of RANKL on day 7 after pulpal exposure, which was followed by a significant
increase in RANKL expression on day 14. The difference between these results and our study
is most likely related to the microbial composition of the root canal infection.

IL-4 has been shown to exert an inhibitory effect on bone resorption (Teixeira-Salum
et al. 2010) and on macrophage function (Colic et al. 2006). However, IL-4 does not appear
to be involved in the periapical immune response in our study because its expression was
similar at both time points analysed. This result is in accordance with previous findings that
demonstrated that IL-4 did not exhibit a significant effect on periapical lesion modulation in
mice (Sasaki et al. 2000; De Rossi et al. 2008).

Proinflammatory mechanisms must be controlled to prevent excessive periapical
destruction (Gazivoda et al. 2009). IL-10 attenuates the progression of bone loss by
stimulating OPG production, which inhibits bone resorption by causing unproductive RANK-
RANKL interactions (Garlet 2010). In our study, a significant up-regulation of IL-10 mRNA
expression was observed in response to F. nucleatum and P. prevotii mono-infections on day
14 post-inoculation compared to 1L-10 mRNA levels detected on day 7 post-inoculation.
Interestingly, the expression of 1L-10 on day 14 was significantly decreased in dual infections

when compared to both mono-infections. Additionally, the predictable immunosuppressive
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role of IL-10 was also observed, as its up-regulation coincided with decreased IFN-y mRNA
expression at the later phase of lesion development; these results are consistent with the
published literature (Kawashima & Stashenko 1999; Lukic 2000; Colic et al. 2009).
Consistent with our results, Sasaki et al. (2000) demonstrated that 1L-10, but not IL-4,
suppressed infection-induced bone resorption in experimental periapical lesions in a knock-
out mouse model.

Different cell types are able to produce TGF-g, which inhibits the osteoclast
differentiation associated with bone remodelling (Chen & Bates 1993; Menezes et al. 2006)
by stimulating the production of fibronectin and collagen (Skaleric et al. 1997). In humans,
TGF-pB expression has been identified in periapical lesions (Tyler et al. 1999; Gazivoda et al.
2009; Teixeira-Salum et al. 2010); however, Colic et al. (2009) reported that the
concentrations of TGF-p and IL-10 did not significantly differ between granulomas and cysts,
suggesting that the anti-inflammatory processes are equally controlled. In this study, TGF-$3
MRNA expression on day 7 in response to dual infection was significantly higher compared
to both mono-infections. TGF-f mRNA up-expression paralleled the observed decrease in
IFN-y and TNF-a mRNA expression under the same conditions at the same time point,
suggesting that proinflammatory cytokines may be regulated by TGF-f3 expression. TGF-f is
a potent immunosuppressive factor that down-regulates the transcription of pro-inflammatory
factors, such as TNF-a and IL-1B (Gazivoda et al. 2009; Garlet 2010). In this study, F.
nucleatum mono-infection induced an increase in TGF-p expression during the chronic phase
(day 14) compared to the acute phase (day 7); however, these changes in TGF-B mRNA
expression were more subtle compared the changes observed following P. prevotii infection
at both time points. Similar to IL-10, dual infection significantly decreased TGF-f mRNA
expression compared to both mono-infections at day 14 post-inoculation. Taken together, it

appears that both TGF-p and IL-10 regulate proinflammatory immune responses during the
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acute and chronic phases of periapical lesion development, respectively. In spite of this, their
expression depended on the infection status, as well as if the bacterial stimuli were in mono-
or bi-association.

Our results suggest that the cytokine profile expressed in periapical tissues in response
to root canal infections depends on the bacterial challenge because both selected species
induced specific host immune responses. We also demonstrated that the synergistic effects
between F. nucleatum and P. prevotii observed in vitro (Moreira Jr. et al. 2011) did not
induce higher proinflammatory cytokine expression in vivo. In contrast, at most time points
analysed, dual infection decreased the expression of almost all cytokines. The only exception
was TGF-B, which was increased during the acute phase on day 7 post-inoculation. Finally,
the gnotobiotic mouse model played an important role in allowing us to address the periapical

immune response to a known bacterial challenge.
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Table I. Primer sequences

Gene Sense and antisense Length (bp)

HPRT 5’-GTT GGATAC AGGCCAGACTTTGTTG-3 162
5’- GAT TCAACT TGC CGT CATCTTAGG C -3’

TNF-a 5’-CATCTTCTC AAAATTCGAGTGACAA-3 171
5’- TGG GAG TAG ACAAGG TACAACCC -3

IFN-y 5’-TCA AGT GGC ATA GAT GTG GAA GAA -3’ 90
5-TGG CTC TGC AGGATTTTC ATG -3’

RANKL 5’-CATCCCATCGGGTTCCCATAA-3 103
5-CCCTTAGTTTTCCGT TGC TTAACG AC -3’

IL-4 5’- ACA GGA GAAGGGACGCCAT-3 94
5’- GAAGCC CTACAGACGTCA-3

IL-10 5’-GGT TGC CAAGCCTTATCGGA -3 190
5- ACCTGC TCCACTGCCTTGCT -3

TGF-B 5’-TGA CGT CAC TGG AGT TGT ACG - 3’ 169

5’- GGT TCATGT CAT GGATGG TGC - 3’
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Legends to Figures

Figure 1 - mRNA Expression of IFN-y, TNF- a, and RANKL cytokines in periapical tissues
analysed by real-time PCR. Relative mRNA expression levels were quantified by comparison
with the internal control (HPRT). Data are expressed as the mean + SE for 3 independent
experiments, each with 6 mice per group. < p < 0.05, F. nucleatum-mono-infected group
compared to dual infected group at the same time point; ¥ p < 0.05, P. prevotii-mono-
infected group compared to the dual infected group at the same time point; 4 p < 0.05,

comparison between both of the mono-infected groups at the same time point; % p < 0.05,

comparison between the same groups at different times points.

Figure 2 - mRNA Expression of IL-10, IL-4, and TGF-B cytokines in periapical tissues
analysed by real-time polymerase chain reaction. Relative mRNA expression levels were
quantified by comparison with the internal control (HPRT). Data are expressed as the mean +
SE for 3 independent experiments, each with 6 mice per group. < p < 0.05, F. nucleatum-
mono-infected group compared to the dual infected group at the same time point; 4 p < 0.05,
P. prevotii-mono-infected group compared to the dual infected group at the same time point;
@ p < 0.05, comparison between both of the mono-infected groups at the same time point; %

p <0.05, comparison between the same groups at different time points.
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Figure 2
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Conclusao

Em resumo, podemos dizer que:
Os microrganismos selecionados, quando inoculados no SCR dos animais isentos de
germes, foram capazes de induzir a expressao de citocinas nos tecidos perirradiculares

adjacentes;

O modelo animal gnotoxénico mostrou-se eficaz, nos permitindo avaliar a resposta
imune a uma infec¢do conhecida, na auséncia de interferéncia da microbiota indigena

do animal,

O efeito sinergistico observado previamente, in vitro, com um maior crescimento do
Fusobacterium nucleatum induzido pelo Peptostreptococcus prevotii, ndo induziu

uma maior expressdo de citocinas pré-inflamatorias in vivo.

Concluimos que:
A imunomodulacdo, detectada por meio da expresséo de citocinas nos tecidos

perirradiculares dos animais gnotoxénicos, foi infeccao-especifica.
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UNIVERSIDADE FEDERAL DE MINAS GERAIS
COMITE DE ETICA EM EXPERIMENTACAO ANIMAL
-CETEA-

CERTIFICADO

Certificamos que o Protocolo n° 151/2010, relativo ao projeto intitulado
“Avaliacdo da expressdo de citocinas em resposta endodontica
experimental em camundongos isentos de germes’, que tem como
responsavel(is) Antonio Paulino Ribeiro Sobrinho , esta(do) de acordo com 0s
Principios Eticos da Experimentacdo Animal, adotados pelo Comité de Etica em
Experimentacdo Animal (CETEA/ UFMG), tendo sido aprovado na reunido de 6/
10/2010.

Este certificado expira-se em 6/ 10/ 2015.

CERTIFICATE

We hereby certify that the Protocol n° 151/2010, related to the project entitled
“Evaluation of cytokine expression in response to endodontic infection in
germ-free mice’, under the supervisiors of Anténio Paulino Ribeiro Sobrinho
, is in agreement with the Ethical Principles in Animal Experimentation, adopted by
the Ethics Committee in Animal Experimentation (CETEA/UFMG), and was
approved in October 6, 2010.
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