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Resumo

Introdugéo: Falhas no tratamento endoddntico sdo geralmente causadas
pela persisténcia de microorganismos no sistema de canais radiculares que
sdo capazes de induzir uma resposta imunol6gica perirradicular com a

producéo de citocinas e quimiocinas.

Objetivos: Avaliar o perfil microbiologico em infec¢bes de dentes refratarios
ao tratamento endoddntico utilizando-se a associagéo das técnicas do Multiple
Displacement Amplification (MDA) e Hibridizacdo DNA-DNA (checkerboard), e
caracterizar, por PCR em tempo reai, a expressdo génica de citocinas e

quimiocinas no peridpice desses dentes.

Metodologia: Dentes de 40 pacientes apresentando lesfes refratarias ao
tratamento endodontico (grupo experimental) e de 20 pacientes apresentando
vitalidade pulpar (grupo controle) foram avaliados. Recuperaram-se as
amostras microbianas utilizando-se limas tipo K # 10, que foram inseridas nos
SCR ap6s a remogao do material obturador pré-existente. Posteriormente estas
amostras foram amplificadas pelo MDA e analisadas pelo checkerboard.
Avaliou-se a presenca de 107 espécies microbianas. Utilizando-se o PCR em
tempo real avaliou-se a expresséo génica das citocinas IFN-y, TNF-a, IL-1-8,
IL-17A, IL-10 e da quimiocina MCP-1 nas amostras coletadas do peridpice dos
dentes do grupo experimental e controle. A significancia das diferencas foi
avaliada ulilizando o teste Mann Whitney em relagdo aos achados

microbioldgicos e imunologicos (p<0,05).
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Resultados: A populagdo dominante (>4%) constitui-se das espécies
Corynebacterium diphtheria, Streptococcus constellatus, Porphyromonas
gingivalis, Granulicatella adjacens e Prevofella denticola. Por sua vez
encontram-se na populagdo sub dominanie (>2%a 4%) o Sirepfococcus
mutans, Actinomyces georgiae, Helicobacter pylori, Dialister pneumaosintes e
Fikenella corrodens. A maioria das espécies se encontram na populagéo
residual (<2%), inclusive o Enferococcus faecalis. Diferencas significativas nos
niveis de expresséo génica de IFN-y, TNF-a, IL-17A, ¢ MCP-1 foram
observados nas amostras de lesdes refratarias ao tratamento endoddntico
guando comparados ao grupo controle. N&o foram encontradas diferengas
significativas nos niveis de expressdo génica de IL-1p entre os dois grupos. A
expresséo génica da IL-10 n&o foi detectada em ambos o0s grupos

experimental e controle.

Conclusdes: A microbiota de infecgbes refratarias ao tratamento
endoddntico demonstrou ser mais complexa do que antes observado. Apesar
da maioria dos estudos vincularem a presenga do E£. faecalis ao insucesso do
tratamento endoddntico, seu papel, nessas infecgbes, necessita ser revisto. As
respostas imuno-periapicais a infecgdo presente nos dentes refratarios ao

tratamento endoddntico apresentou um perfil pro-inflamatério.
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Abstract

Introduction: Endodontic treatment failure is often caused by the persistence
of microorganisms in the root canal system by developing an periapical immune

response with the production of cytokines and chemokines.

Aims: To combine MDA and Checkerboard DNA-DNA hybridization to
qualitatively and quantitatively evaluate the microbiota of infections refractory to
endadontic treaiment, and to determine the relative mRNA expression of IFN-y,

TNF-a, IL-1B, IL-17A, IL-10, and MCP-1 in periapical area.

Methodology: Subjects were 40 patients presenting periapical lesions
refractory to endodontic treatment (experimental group) and 20 patients
presenting pulp vitality (control group). Microbial samples were taken by
scraping or filing the root canal walis with a #10 K-type hand file. MDA was
performed and Checkerboard DNA-DNA hybridization was employed to assess
the levels of for levels of 107 microbial taxa. Immunological samples were taken
from experimental and control groups and analysed by the quantitative real time
PCR. Mann-Whitney test was used to determine the statistical significance of

microbiological and immunological findings (p < 0.05).

Results: The dominant faxa were Corynebacterium diphtheria,
Streptococcus constellatus, Porphyromonas gingivalis, Granulicatella adjacens,
and Prevotella denticola. Among sub dominant population were Streptococcus
mutans, Actinomyces georgiae, Helicobacter pylori, Dialister pneumosintes,

and FEikenella corrodens. Most species were included in the residual
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population. E. faecalis was detected in low mean proportion. Significant
differences in the levels of IFN-y, TNF-qa, [L-17A, and MCP-1 mRNA expression
were observed in cases refractory to endodontic treatment compared to the
control group. The expression of IL-18 mRNA was not significantly different
between the groups. Expression of IL-10 mRNA was not detected in both

experimental and control groups.

Conclusions: The microbiota of infections refractory o endodontic treatment
is far more complex than previously shown. Although most studies have linked
the presence of E. faecalis in endodontic failure, its role in these infections need
to be revised. The periapical immune responses to these infections presented a

pro-inflammatory profile.
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1. INTRODUCAO E RELEVANCIA

Das mais de 700 espécies microbianas que habitam a cavidade oral
humana, 35% permanecem ndo cultivadas (Paster et al, 2001, Paster ef al.,
2002). Essa microbiota vem sendo associada ai doencas como a endocardite
bacteriana (Berbari et al, 1997), osteomielites em ctiancas (Dodman ef al,
2000), doencas respiratdrias (Scannapieco, 1999} e doengas cardiacas (Beck
et al., 1996). Sabe-se que a capacidade dos microrganismos em se implantar
ou ndo em certos sitios dependerd, além de outros fatores, de seu ndmero,
viruléncia e da resisténcia do hospedeiro (Socransky & Haffajee 2005). Quanto
ao estudo das infecgbes de origem endoddntica, muitas lacunas ainda
precisam ser preenchidas na busca de diagnostico e tratamentos precisos.

O insucesso no tratamento endodOntico &, na maioria das vezes,
consequéncia da persisténcia de microrganismos nos sistemas de canais
radiculares (SCR) (Gomes et al, 2004). Alguns fatores como cavidade de
acesso deficiente, canais néo localizados, instrumentagéo insuficiente, irrigagéo
deficiente, e infiltragdo de restauracbes temporarias podem ser enumerados
como perpetuadores desse processo {Nair, 2006). A microbiota presente em
dentes com lesbes refratarias ao tratamento endoddntico ainda necessita ser
mais bem avaliada para se estabelecer se a mesma ¢é similar ou néo a de
dentes portadores de infecgéo primaria.

Até recentemente, imputava-se a uma Unica espécie ou a um pegueno
nimero de espécies bacterianas a responsabilidade pelo insucesso do
tratamento endodontico em dentes com lesdes persistentes. Predominavam

microorganismos Gram-positivos, com igual distribuicBo entre anaerobios



Andlise Microbioldgica E Imunolégica De Lesées Refratdrias 4o Tratamento Endoddntico 14

facultativos e estritos (Molander et al, 1998, Sungvist et al, 1998). Esse
padrdo de contaminagdo diferia do de infecgdes primarias, em que a microbiota
constituia-se tipicamente de um consorcio polimicrobiano com proporgdes
iguais entre espécies Gram-positivas e Gram-negativas, prevalecendo
microorganismos anaerébios obrigatérios (Moller, 1966, Molander et al., 1994).
Os estudos demonstravam maior prevaléncia de Enferococus e Estreplococus
em dentes portadores de lesBes refratarias ao tratamenio endoddntico
{(Molander et al, 1998). Outros microrganismos encontrados em grandes
propor¢des nesse tipo de infeccdo eram dos géneros Lactobacillus,
Actinomyces e Peptostrepfococcus, associados ao Pseudoramibacter
alactolyticus, Propionibacterium propionicum, Dialister pneumosintes, Filifactor
alocis, e Candida albicans (Molander ef al., 1998, Sundavist et al., 1998, Moller,
1966, Peciuliene et al, 2000, Hancock et al, 2001, Peciuliene et al., 2001,
Siquiera et al., 2004).

Recentemente, com o advento das técnicas de biologia molecular, houve
melhora significativa na sensibilidade, especificidade e custo beneficio das
analises microbioldgicas associadas & cavidade bucal (Socransky et al., 1998,
Siqueira et al., 2000b, Rocas et al., 2001, Fouad et al, 2002, Siqueira ef al,
2002, Kawada ef al., 2004, Socransky ef al., 2004, Sigueira ef al., 2005, Seol et
al., 2006, Brito et al,, 2007, Teles et al., 2007b, Haffajee et al., 2009, Tavares ef
al, 2011). Muitas espécies microbianas, que se acreditava n&o estarem
presentes nessas infeccOes, s8o hoje detectadas e confirmadas como
integrantes dessa microbiota (Paster ef al,, 2001). Essas técnicas vém sendo

utilizadas na deteccéo de microrganismos nos SCR infectados portadores de
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infeccdes primarias (Gatti ef al, 2000, Siqueira et al, 2000a, Siqueira et al.,
2000b, Rocas et al., 2001, Fouad et al., 2002, Siqueira ef al., 2002, Siqueira &
Rocas, 2004a, Sigueira & Rocas, 2004b, Siqueira & Rocas, 2006, Brito et al.,
2007, Tavares et al, 2011). Utilizando-se essas técnicas nos dentes com
lesbes refratarias ao tratamento endodéntico, demonstrou-se que a microbiota
al presente é mais complexa do que anteriormente observado {Rolph et al.
2001, Siqueira & Rocas 2004). A recuperagdo de um consorcio bacteriano
nesses dentes demonstra que bactérias incultivaveis e outras espécies, além
do E. faecalis, também estio ai presentes (Sakamoto et af., 2008).

Com o objetivo de aperfeicoar a técnica do “checkerboard”, utilizou-se o
"Muttiple Displacement Amplification” (MDA), para amplificar o DNA bacteriano,
antes da andlise pela Hibridizagdo DNA-DNA (Teles et al., 2007a). Pesquisas
que associaram o “MDA" ao “Chekerboard” foram conduzidas com sucesso e
permitiram demonstrar que a média de espécies por canal radicular € muito
superior a da tradicionalmente encontrada (Brito et al.,, 2007, Tavares et al,
2011).

Uma vez instalados nos SCR, os microrganismos induzem uma resposta
de defesa nos arredores do Apice radicular (Stashenko, 1990). A resposta
inflamatéria, que af se processa, recruta células imunocompetentes para conter
e impedir a disseminag&o dessa infecgdo para outros sitios, culminando com a
formacéo de uma les@o cronica e a concomitante reabsorgéo dos tecidos de
suporte periodontal adjacentes (Fukada et al., 2009).

Nas Gltimas décadas, houve fortes evidéncias de que muitos dos efeitos

patogénicos microbianos sobre os tecidos periapicais operam-se de forma
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indireta, via estimulacdo de mediadores sollveis derivados do hospedeiro,
como as citocinas e guimiocinas (Stashenko et al, 1998). Dai o grande
interesse em se conhecer esses mediadores e seus efeitos sobre as células
imunocompetentes (Silva et al., 2005).

Tém-se detectado uma grande variedade de ceélulas nas lesdes
periradiculares humanas, dentre elas: os linfécitos TCD4® e TCD8,
macréfagos, células plasmaticas, mastocitos, eosindfilos. As ceélulas T
entretanto sdo as mais numerosas nessas lesdes (Colic et al., 2009b).

Os linfécitos TCD4*" e CD8", apds seu contato com antigenos ou serem
estimulados por outras células inflamatérias, podem produzir uma grande
variedade de citocinas (Marton & Kiss, 2000). As células TCD4" atualmente se
subdividem em varios subgrupos que incluem as células: Th1, Th2, Thi7 e T
regulatorias {Treg } (McGeachy & Cua, 2008—)‘ A resposia Thi caracleriza-se
pela produgdo de IFN-y, 1L-12, 1L-2, e TNF, envolveﬁnﬁt‘)-sé na progressao e
destruicdo Ossea perirradicular (Stashenko et al., 1398, Colic et al, 2009b). A
resposta Th2 induz a sintese e atividade das citocinas IL-4, IL-5, IL-6, IL-9, e IL-
13, relacionando-se com a cicatrizacBo e regeneragdo dos tecidos
perirradiculares (Akamine ef af., 1994, Stashenko et af, 1998, Kawashima &
Stashenko, 1999, Sasaki et al., 2000, Teixeira-Salum et al,, 2010). O subgrupo
Th17 produz a IL-17, citocina pré-inflamatéria com atuagdo em véarias células
da resposta inata, e € considerado ponte enire esta e a resposta adaptativa.
(Yu & Gaffen, 2008). As células T, produtoras de TGF-B e IL-10, possuem
um efeito inibitério sobre a reabsorgdo dssea durante a formacdo e

diferenciagdo dos osteoclasios, além de atuarem na regulacdo da resposia
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imune contra a infecgdo (Colic et al., 2009a).

As quimiocinas participam do processo inflamatério ao promoverem a
ativacdo de selectinas gque, por sua vez, estdo envolvidas na adeséo de células
as paredes endoteliais. A expresséo localizada de quimiocinas nos tecidos gera
gradientes quimiotaticos que s8o responsdveis pela migragdo guiada e
manutencdo de células inflamatérias nesses locais (Mantovani et al., 1998,
Silva et al., 2005). A Proteina Quimiotatica para Monocitos (MCP-1) tem sido
descrita em granulomas periapicais e associada a modulagdo de lesbes
periapicais humanas (Kabashima et al., 2001).

Este estudo se ateve a andlise microbiolégica de dentes com lesdes
refratarias ao tratamento endoddntico, e avaliou a expressfo imunoldgica de

citocinas, em resposia a infec¢io.
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2. OBJETIVOS
2.1. Objetivos gerais
- Caracterizar a microbiota das infecgtes endodbnticas refratarias ao
tratamento endododntico;
- Identificar a expressdo génica de citocinas e quimiocinas nos tecidos
perirradiculares de individuos portadores de infecgbes refratarias ao tratamento

endodobntico.

2.2. Objetivos Especificos
- Avaliar o perfil microbiolégico de amostras recuperadas de dentes com
lesGes refratarias ao tratamento endoddntico, utilizando-se as técnicas:
Multiple Displacement Amplification (MDA) e hibridizagdo DNA-DNA
(checkerboard);
- Caracterizar, por PCR em tempo real, a expresséo génica das citocinas
IFN-y, TNF-a, IL-1-B, IL-17A, IL-10, e da quimiocina MCP-1 no periapice de

dentes com lesdes refratarias ao tratamento endoddntico.
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3. TRABALHOS CIENTIFICOS

Trabalho 1- Microbial ecosystem analysis in Root Canal Infections

Refractory to Endodontic Treatment

Trabalho 2- Cytokine Analysis in Lesions Refractory to Endodontic

Treatment
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Abstract

Aims To combine MDA and Checkerboard DNA-DNA hybridization 1o
qualitatively and quantitatively evaluate the microbiota of infections refractory to
endodontic treatment

Methodology Subjects were 40 patients presenting periapical lesions refractory
to endodontic treatment. Samples were taken by scraping or filing the root canal
walls with a #10 K-type hand file, MDA-amplified and analysed by
Checkerboard DNA-DNA hybridization for levels of 107 bacterial taxa. The taxa
were divided in three distinct microbial populations, depending on their mean
proportion (%DNA probe counts + SEM) as follow: dominant (>4%), sub
dominant (>2 to 4%) and residual (< 2%) populations. Significance of
differences was sought using the Mann Whitney test.

Results The dominant taxa were C/diphtheria (7.35 £ 1.22), 8. constellatus
(6.85 + 1.15), P. gingivalis (6.19 + 2.20), G. adjacens (5.94 £ 0.99), and P.
denticola (5.79 £ 0.97). Among sub dominant population were S. mutans (4.12
+0.61), A. georgiae (4.02 + 0.60), H. pylori (3.11 £ 0.30), D. peneumosintes
(2.25 £ 0.54), and E. corrodens (2.16 + 0.36). In the residual population, E. coli
(0.05 + 0.01), and L. acidophilus (0.02 + 0.01) showed the lowest mean
proportions. E. faecalis was detected in low mean proportion (0.55 £ 0.27).
Conclusion: The microbiota of infections refractory to endodontic treatmentis
far more complex than previously shown and, despite features of E. faecalis
that allow it to survive and persist in treated root canals, this species is only a

small part of this microbiota.
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canal-treated teeth.
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introduction

Failure in endodontic therapy is often caused by the persistence of
microorganisms in root canal system or recontamination after inadequate
coronal sealing. When the treatment fails a bone resorption may develop as a
consequence of the periapical immune/inflammatory responses (Sundqvist
1994; Stashenko etf al. 1998; Nair, 2004, Henriques et al. 2011). Whenever
possible, the endodontic retreatment might be performed in an attempt to
achieve the teeth healthy.

Over the years, most of the studies have shown the microbiota recovered
from teeth refractory to endodontic treatment is predominantly consisted of
Gram-positive bacteria, specially Enterococcus faecalis (Molander et al. 1998,
Pinheiro et al. 2003, Sundqgvist et al. 1998, Siqueira & Rogas 2004).
Nevertheless the high detection of this species may have been influenced by
significant limitations of microbial technique procedures, such as low sensitivity,
inability to detect fastidious and as-yet-uncultivated phylotypes, which
underestimate the bacterial diversity in diverse oral ecosystems (Paster et al.
2006).

Traditionally, the study of infectious diseases has focused on one or a
small number of pathogens in a given infectious disease. Examination of
complex mixtures of microorganisms has been hampered by the tradition of
focusing on a small number of species thought to be pathogenic or by the
absence of useful, rapid identification techniques to evaluate (Socransky &
Haffajje, 2005). However, new concepts of biofilms infections become

established, indicating microbial communities greater than the simple sum of its
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parts (Siqueira & Rogas 2009). in this regards, molecular assays have shown
that the microbiota in teeth refractory to treatment is much more complex than
previously known (Rolph ef al. 2001, Siqueira & Rogas 2004). A mixed
consortium was recovered from those teeth, revealing that as-yet-uncultivated
bacteria and taxa other than E. faecalis, might participate in these infections
(Sakamoto et al. 2008).

The quantity of bacteria in the samples is an important factor in the
checkerboard DNA-DNA hybridization technique, since its level of detection is
about 10* bacterial cells of a given species (Socransky et al. 1994). Recently, to
overcome these limitations, that would underestimate the presence of some
taxa in the root canal microbial ecosystem which contain very few bacterial cells
(Zavistoski et al. 1980), the researchers have used multiple-displacement
amplification (MDA) before hybridizing the samples. MDA has provided a simple
and reliable method to amplify the sample DNA with minimal bias (Hawkins et
al. 2002, Nelson et al. 2002, Yan et al. 2004, Brito ef al. 2007, Teles et al. 2007,
Tavares ef al. 2011). The association of these techniques has contributed to
recognize that endodontic microbiota is far more complex than previously
thought (Brito ef al. 2007, Tavares et al. 2011). The aim of the present study
was to combine MDA and Checkerboard DNA-DNA hybridization to
qualitatively and quantitatively evaluate the microbiota of infections refractory to
endodontic treatment, determining dominant, sub dominant and residual

microbial population in this ecosystem.
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Materials and Methods
Human subjects

Subjects were 40 patients presenting periapical lesions refractory {o
endodontic treatment. Subjects were drawn from patients that were referred to
the School of Dentistry at the Universidade Federal de Minas Gerais (Belo
Horizonte, MG, Brazil). Patients were excluded from this study if they had taken
antibiotics in the three months prior to the initiation of endodontic therapy. All
participants signed the Free Agreement Formulary. This study was approved by
the Ethics Committee of the Universidade Federal de Minas Gerais (ETIC
0011.0.215.203-10).

Sample collection

All selected teeth had clinical crowns that permitted effective rubber dam
isolation. There was no history of trauma associated with the selected teeth or
periodontal involvement. Samples from multi-rooted teeth were taken from the
largest root canal always associated with the periapical lesion.

The selection and preparation of the teeth was performed as previously
described (Brito et al. 2007, Tavares et al. 2011). In brief, the pre-existing root
canal filling was removed using retreatment ProTaper NiTi files (Dentsply,
Ballalgues, Switzerland) without the use of any solvent solution. Samples were
taken by scraping or filing the root canal walls with a #10 K-type hand file
(Maillefer, Ballaigues, Switzerland). The file was introduced into the canal to a
level approximately 1 mm short of the tooth apex. After removal from the canal,
the final 4 mm of the file was removed using a sterile pair of surgical scissors

and placed in a microcentrifuge tube containing 20 pl of alkaline lysis buffer
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(400 mM KOH, 100 mM dithiothreitol, 10 mM EDTA). After 10 min of incubation
on ice, 20 w! of neutralization solution (400 mM HCI, 600 mM Tris-HCI, pH 0.6)
was added. Samples were kept at 4°C until analysis.
Mutltiple displacement amplification (MDA) of root canal samples

Multiple displacement amplification was performed as previously
described. (Brito ef al, 2007, Teles et al. 2007, Tavares et al. 2011). The
lllustra™ GenomiPhi™ V2 DNA Amplification Kit (GE Healthcare, USA) was
used for whole genomic amplification as described by the manufacturer. In brief,
1 uL of each of the DNA templates (i.e. endodontic samples) was added to 9 pL
of sample buffer (50 mM Tris-HC| pH 8.2, 0.5 mM EDTA containing random
hexamer primers) in 200 ul. microcentrifuge tubes (Stratagene, La Jolla, CA,
USA). Templates in sample buffer were heat denatured at 95°C for 3 minutes in
a Perkin-Elmer Thermocycler and cooled to 4°C. One uk of phi 29 DNA
polymerase mix including additional random hexamers was mixed on ice with 9
uL of reaction buffer containing dNTPs. The mixture was then added to the
denaiured sample to make a final volume of 20 pl and incubated at 30°C for 2
hours. Ten ng of Lambda DNA (contained in 1 L) was used as a control. The
amplification reaction was terminated by incubation of the samples at 65°C for
10 min. The amplified material was either immediately used, stored short-term
at 4°C or at —20°C for longer storage.

The DNA content of the samples was measured prior to and after
amplification using the Picogreen™ dsDNA quantification assay (Invitrogen,
Carlsbad, CA, USA). Picogreen™ is a fluorescent nucleic acid stain that allows

the quantification of as little as 25 pg/mL of double stranded DNA in samples.
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The microbiological content of the amplified samples was analyzed using

checkerboard DNA-DNA hybridization.

Bacterial strains and growth conditions, DNA isolation, preparation of DNA
probes and Checkerboard DNA-DNA hybridization

The 107 reference strains used for the preparation of DNA probes are
listed in Table 1. The grown conditions of the selected bacterial strains have
been described earlier (Socransky et al. 2004, Brito et al. 2007, Teles et al.

2007, Tavares ef al. 2011).

Preparation of probes and standards for guantification

Checkerboard DNA-DNA Hybridization was performed as previously
described (Socransky et al. 1994, Socransky et al. 2004). To prepare probes
and standards, each species listed in Table 1 was grown on agar plates (except
the two spirochetes, which were grown in broth) for 3-7 days. The cells were
harvested and placed in 1.5 mL microcentrifuge tubes containing 1 mL of TE
buffer (10 mM Tris-HCI, 0.1 mM EDTA, pH 7.6). Cells were washed twice by
centrifugation in TE buffer at 1300xg for 10 min. The cells were resuspended
and lysed with either 10% SDS and Proteinase K (20 mg/mL) for Gram-negative
strains or in 150uL of an enzyme mixture containing 15 mg/mL. lysozyme
(Sigma) and 5 mg/mL achromopeptidase (Sigma) in TE buffer (pH 8.0) for
gram-positive strains. The pelleted cells were resuspended by 15 s of
sonication and incubated at 37 °C for 1 h. DNA was isolated and purified using

the method of Smith et al. (1989). The concentration of the purified DNA was
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determined by spectrophotometric measurement of the absorbance at 260 nm.
The purity of the preparations was assessed by the ratio of the absorbances at
260 and 280 nm. Whole genomic DNA probes were prepared from each of the
107 test strains by labeling 1 - 3ug of DNA with digoxigenin (Boehringer
Mannheim, Indianapolis, IN, USA) using a random primer technique (Feinberg
& Vogelstein, 1983).

Sample preparation and microbial analysis

Following amplification and quantification, the amplified endodontic
samples were boiled for 10 min. Approximately 1500 ng of DNA (5 pL) of the
amplified sample were placed in a microcentrifuge tube containing 1 mL of TE
buffer prior to boiling. The samples were placed into the extended slots of a
Minisiot 30 apparatus (Immunetics, Cambridge, MA, USA), concentrated onio a
nylon membrane (Boehringer Mannheim) by vacuum and fixed onto the
membrane by cross-linking using ultraviolet light (Stratalinker 1800, La Jolla,
CA, USA) followed by baking at 120°C for 20 min. The Minislot device permitted
the deposition of 28 different samples in individual lanes on a single membrane,
as well as two control lanes containing the standards for quantification: 1 and 10
ng of DNA of each bacterial species tested, equivalent to 10° and 10° cells,
respectively.

Checkerboard DNA-DNA hybridization was performed as previously
described by Socransky et al. (1984, 2004). The membrane with fixed DNA was
placed in a Miniblotter 45 apparatus (Immunetics) with the lanes of DNA at 90°
to the channels of the device. A 30 x 45 “checkerboard” pattern was produced.

Each channel was used as an individual hybridization chamber for separate
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DNA probes. Bound probes were detected by anti- digoxigenin antibody
conjugated with alkaline phosphatase and a chemifluorescent substrate. Signal
intensities of the endodontic samples and the standards (containing 10° and 10°
cells of each species) on the same membrane were measured using a Storm
Fluorimager (Molecular Dynamics, Sunnyvale, CA, USA). Signals were
converied to absolute counts by comparison with standards on the membrane
(Socransky et al. 2004). Failure to detect a signal was recorded as zero.

Three membranes were run for each sample: one containing the “standard”
40 DNA probes routinely used to examine periodontal samples as weil as a
probe to detect Streptococcus mutans. A second membrane employed 42
probes 1o species thought to be implicated in endodontic infections. A third
membrane was used o assess levels of medically important microbial taxa.
Sensitivity and specificity tests were performed for all probes before performing
the checkerboard DNA-DNA hybridization analysis, using a protocol similar to

that described by Socransky ef al. (2004).

Data analysis

Since the sample DNA was amplified, absolute numbers could not be
determined. Thus, proportions of the total DNA probe count for each species
comprised were computed for each sample and then averaged across subjects
in each group separately.

Significance of differences between the proportions of test species in

samples from selected subjects was sought using the Mann Whitney test.
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Resulis

Quantification of DNA before and after MDA of endodontic samples

DNA from the root canal samples was amplified using MDA. The amount
of DNA present in the samples before amplification averaged 4.3ng ( 1.48) ng
and 6.6 (+ 1.85) ug after amplification, an approximately 1,000-fold
amplification.
Microbial species in root canal samples refractory to endodontic treatment

To better analyze the microbial consortium that colonize the refractory
teeth to endodontic treatment, we divided the taxa in three distinct microbial
populations, depending on their mean proportion (%DNA probe counts £ SEM)
as follow: dominant (>4%), sub dominant (>2 to 4%) and residual (< 2%)
populations. These mean proportions of the target 107 test species are
presented in Fig. 1. The dominant taxa were C. diphtheria (7.35 + 1.22), 5.
constellatus (6.85 £ 1.15), P. gingivalis (6.19 + 2.20), G. adjacens (5.94 £ 0.99),
and P. denticola (5.79 + 0.97). Among sub dominant population were S. mutans
(4.12 £ 0.61), A. georgiae (4.02 + 0.60), H. pylori (3.11 £0.30), D.
peneumosintes (2.25 + 0.54), and E. corrodens (2.16 + 0.36). In the residual
population, E. cofi (0.05 +0.01), and L. acidophilus (0.02 £ 0.01) showed the
lowest mean proportions. E. faecalis was detected in low mean proportion {0.55
+ 0.27). However, E. faecalis was detected as dominant population (10.1 %o}
only in one sample site from 40 teeth analyzed (Table 2). C. rectus, G.

haemolysans, and C. dificile were not detected in any sample (Fig 1).
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Discussion

Multiple microbial species are necessary to produce apical periodontitis,
even in teeth refractory to treatment (Rolph et al. 2001, Rogas et al. 2004;
Sakamoto et al. 2008). In a developing ecosystem, pioneer organisms coionize
first; alter the habitat, making it suitable for colonization by other species
(Socransky & Haffajje, 2005). However, the population levels and the distinct
microbial species in such climax community are regulated by multifactor
process such as changes in the physical or chemical properties of the region or
changes in the host (Savage, 1977). In this regards, all microorganisms that act
as a pathogen have to be in high levels to play a role in biofilm community as
well as in host immune modulation.

Studies that attempted to analyze root canal microbial ecosystem are
restricted by the few bacterial cells contained in this site (Zavistoski et al. 1980).
As a consequence, the lack of detection and the difficult to count some taxa
would underestimate their possible role in the endodontic microbial ecosystem.
The high sensibility of MDA associated with Checkerboard DNA-DNA
Hybridization overcomes this limitation, as demonstrated elsewhere (Teles et al.
2007, Brito et al. 2007, Tavares et al. 2011). As MDA amplified the total DNA of
the samples in a 1000 fold, it is likely that even a number of bacterial cells
below the level of detection of the Checkerboard DNA-DNA hybridization
technique were detected by this approach. Herein, we assessed 40 patients
presenting periapical lesions refractory to endodontic treatment using probes to

107 different microbial taxa. Depending on the mean proportion (%DNA probe
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counts + SEM) of each taxa we divided population in dominant (>4%), sub
dominant (>2 to 4%) and residual (< 2%) organisms (Fig. 1).

C.diphtheriae, S.constellatus, P.gingivalis, G. adjacens, P.denticola, and
E. nodatum were among dominant taxa in these infections. Interesting, C.
diphtheria has already been recovered from periodontal disease (Beveridge &
Goldner, 1973) and root canal infections (Brito et al. in press). C. diphtheriae
belong to the family Mycobacteriaceae, and are Gram-positive and aerobic, and
it causes the disease diphtheria which primarily affects the upper respiratory
tract. The most commons site of infection is the pharynx and tonsils, but the
bacteria can also invade the nasal tissues, larynx and skin. However, it is
important to point out that toxin production occurs only when the bacillus is itself
infected by a spegcific virus (bacteriophage) carrying the genetic information for
the toxin (fox gene) (Oram et al. 2007). Only toxigenic strains can cause severe
disease (Holmes , 2000). Other medical important taxa found in this study were
H. pylori, present in a subdominant condition. This species is an organism
primarily recovered from the stomach and is responsible for certain forms of
gastritis or peptic ulcers, and has been found in oral cavity, including endodontic
infections (Brito et al. in press) and periodontal diseases (de Souza Gongalves
et al. 2009, Silva et al. 2010, Gao et al. 2011}. Granulicatella adjacens,
previously referred to as nutritionally variant streptococci, Streptococcus
adjacens, causes infective endocarditis. This taxon was described as new type
of viridans group streptococci and colonizes the oral cavity and the intestinal
and genitourinary tracts as normal flora (Ohara-Nemoto et al. 1997). Like other

viridans group streptococci, Granulicatella species cause sepsis and
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bacteremia and are also one of the major pathogens of infective endocarditis
(Bouvet, 1995).

Black-pigmented anaerobic rods such as P.gingivalis and P.denticola are
involved in the etiology and perpetuation of endodontic infections. They were
detected in permanent and deciduous teeth (Brito et al. 2007, Tavares et al.
2011), as well as in teeth refractory to endodontic treatment (Sakamoto et al.
2008). Eubacterium species, such as E. nodatum, although no virulence factors
have been described, may form part of a consortium involved in the degradation
of host tissue or could be an organism that favor the nutritional conditions in
infected sites (Spratt ef al. 1999). It has been found in root canal infections
(Vianna et al. 2005, Brito et al. 2007, Tavares et al. 2011).

S. constellatus, member of the Streptococcus milleri group, is normally
found in the oral cavities, being associated with abscess formation in respiratory
tract (Sibley et al. 2008). It has been detected in root canal infections (Vianna et
al. 2005, Siqueira et al. 2001, Brito et al. 2007, Tavares ef al. 2011} and, in this
study, it was among those dominant organisms. Additionally, as demonstrated
herein, S.mutans has already been recovered from teeth refractory to
endodontic treatment (Sakamoto et al. 2008)

Residual habitants comprised the larger amount of bacterial species in
teeth refractory to root canal treatment, similarly what was previously found in
studies of indigenous gastrointestinal microflora (Berg, 1996). Despite their
presence in low rates, its relevance could not be underestimated. Even low rate
members might provide the community with advantageous properties, serving

as keystones species within complex communities (Sogin et al. 2006, Huse et
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al. 2008). Associated to this, disturbances in local factors such nutrients
sources and competitive process might influence a shift in the microbial
composition, allowing them to become dominant (Siqueira & Rogas 20089). In
accordance, previous findings from studies using PCR-DGGE and PCR
demonstrated high interindividual variability in the bacterial community profiles
in treatment failure cases (Rdgas et al. 2004, Sakamoto el al. 2008), revealing
that dominant populations in one individual can correspond to low abundant
populations in another one (Rogas et al. 2004, Siqueira ef al. 2005).

During the last decades, it has been attributed 1o E. faecalis for the failure
of root canal treatment (Molander et al. 1998, Sundqvist ef al. 1998, Hancock et
al. 2001, Pinheiro et al. 2003, Gomes et al. 2008). In this study, E. faecalis was
detected in low mean proportion (0.55 £ 0.27), being among those residual
organisms (Fig 1). Very interesting, in 40 samples analyzed E. faecalis was
absent in only six subject. It was dominant faxa in one sample site though
(Table 2). These findings reinforce the previously reports (Rogas et al. 2004,
Sakamoto et al. 2008), which have questioned about its relevance in endodontic
treatment failures. It seems to us that, despite E. faecalis features aliow it to
survive and persist in treated root canals (Portenier et al. 2003, Zoletti ef al.
2006 ), this species is lone part of a mixed infection that prevail in such
endodontic microbiota in teeth refractory to root canal treatiment. However,
more studies focusing on microbial ecology of refractory apical periodontitis

may be invigorated to aid the design of more efficient endodontic retreatments.
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FIGURE 1 . Quantitative analysis of Microbiota of 40 refractory endodontic infections analysed
by multiple displacement amplification (MDA} and Checkerboard DNA-DNA hybridization
represented by the percentage of mean proportion DNA probe counts (xSEM) of test species.
The percentage of the DNA probe count was computed for each species for each sample and
averaged across samples. The data are ordered in descending order of mean percentages of

DNA probe counts detected in amplified samples.
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TABLE 1 . Bacterial species.

Bacterial strains (a1}

Acinetobacter baumannii {19606}

Legionella preumophila (33152}

Actinomyces geotgiae (49285)

Leptotrichia bugcalis (14201)

Actinomyces gerencseriae (23860)

Mobiluncus muiieris (35243)

Actinomyces igraelli (12102}

Mogibacterium Kmidum (33093)

Actinomyces meyeti (35568)

Neisseria gonotrhea (21823}

Actinomyces naeslundii (12104)

Nelsseria meningitidis (13077)

Actinomyees odontalyticus (17828)

Neisseria mucosa (19696)

Actinomyces viscosus (43146)

Olsenella ull (19627)

Peplostreplococeus anaerobius (27337)

Aggregalibacter aclinomycetemcomitans (b}
Atopobium parvuium (33793)

Parvimonas micra (33270}

Bacteroides fragilis (25285)

Parphyromonas endodontalis (35406)

Bactercides urealyticus {33387}

Parphyromonas gingivalis (33277)

Campylobacter gracills (33236)

Prevolella denticola (35308}

Campylobacier rectus (33238)

Prevotella heparinolylica (35895)

Campylobacter showae (51146)

Prevotela infermedia (25611)

Capnocytophaga gingivalis (33624)

Prevotella loescheil (15830}

Capngcytophaga ochracea (33596)

Prevotella melaninogenica (25845)

Capnocytophaga sputigena (33612}

Prevotella nigrescens {33563}

Clostridium difficile (9689}

Prevotella oris (33573)

Corynebacterium diphtheriae (13812)

Prevotella tannerae (51259)

Corynebacterium matruchotll {14266}

Propionibacterium acnes (c)

Dialister pneumosintes (GBA27)

Propionibacterium propionicum (14157}

Eikenella corrodens (25834)

Rothfa dentocariosa (17931)

Enterococeous faecalis {10100}

Salmonella enterica (27870)

Entercbacter aerogenes (13048)

Selenomonas artemidis (43528)

Enterobacter agglomerans (27155)

Selenomonas noxia (43541)

Enterobacter cloacae (10693)

Selenomonas sputigena (35185)

Enterobacter gergoviae (33028)

Serratia liquifasciens (11367)

Enterobacter sakazakii (12868)

Slackia exigua (700122)

Escherichia coll (10738}

Staphylococeus aureus (14458)

Fubacterium limosum (8486)

Staphylococcus epidermidis (14990)

Eubacterium nodatum {33099)

Staphviococcus warneri (27838)

Eubacteriym saburreum (33271)

Stenotrophomonas maitophilia (13637)

Eubacterium saphenum (49983)

Streptococcus anginosus (33397)

Filifactor alocis (35896)

Streptococcus constellatus (27823)

Fuscbaclerium naviforme (25632}

Streptococeus gordonii (10658)

Fusobacterium necrophorum (25286)

Streptococcus infermedius (27335)

Fusobacterium nucleatum ss. nucleatum (25586)

Streptococcus mitls (49456)

Fusobacterium nucleatum ss. polymorphum (10953}

Streptococcus mulans (25175)

Fusobacterium nuclealum ss. vincenlii (49258)

Streptococcus oralis (35037)

Fusobacterium petipdonticum (33693)

Straptococcus parasanguinis (15912}

Gardnerella vaginalis (49145}

Streptococels pneumoniae (49619)

Gemella hemolysans (10378)

Streptococcus salivarius (279843)

Gemella morbillorum (27824)

Streplocogeus sanguinis (10558}

Granulicatella adiacens (49175)

Streptococcus sobrinus (33478}

Haemophilus aphrophilus (33389}

Streptococcus vestibulars (49124)

Haemophilus influenzae (33533)

Tannerella forsythia (43037)

Haemaophilus paraphrophilus {29242)

Treponema denticola (B1)

Haemophilus segnis (33383)

Treponema socranskii (S1)

Halnia alvel (13337)

Veillonella dispar (17743}

Helicobacter pylori (43504)

Veillonella parvila (10790}

Klebsiella oxytoca (12833)

Fungal strains (a)

Laciobacillus acidophillis (43586)

Candida albicans (10231)

 actobacillus casef (393}

Candida tropicalis (760)

{a) All strains were cbtained from the American Type Culture Cellection (ATCC number in parentheses) except for

Treponerma denticola B1 and Treponema sccranskii §1, which were obtained from The Forsyth Institute.

(b} ATCC strains 43718 and 29523

{c) ATCC strains 11827 and 11828
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TABLE 2, E. faecalis proportions (% DNA probe counts) per sample

0.3 0.2 0.4 0.4 0.3 0.3 0.1 0.0
8.0 0.2 0.1 0.1 0.1 0.7 0.4 10.1
0.8 0.7 0.5 0.7 0.5 0.5 0.2 0.1
0.1 0.3 0.0 0.7 0.3 0.1 0.3 0.1
0.0 0.0 0.0 0.1 0.5 0.3 0.1 0.1
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Abstract

Introduction: Failure in endodontic treatment is often caused by the
persistence of microorganisms in the root canal after therapy. When treatment
fails, an immune response develops that is characterized by an extensive
network of immunologic mechanisms that lead to the production of cytokines
and chemokines. Methods: The objective of this study was to determine the
relative mRNA expression of IFN-y, TNF-a, IL-1, IL-17A, IL-10, and MCP-1 in
periapical dental lesions refractory to treatment. Clinical samples were taken
from teeth presenting periapical lesions refractory to endodontic treatment
(experimental group) or from healthy teeth with pulp vitality (control group).
Three paper points passing through the root apex (2 mm) were used o collect
the samples. Total RNA was extracted from each sample, cDNA was
synthesized, and quantitative PCR analysis was performed. The Mann-Whitney
test was used to determine the statistical significance of our findings (p < 0.05).

Results: Significant differences in the levels of IFN-y, TNF-a, IL-17A, and
MCP-1 mRNA expression were observed in cases refractory to endodontic
treatment as compared 1o the control group. The expression of IL-1B mRNA
was not significantly different between the groups. Expression of 1L-10 mRNA
was insignificant in both the experimental and control groups. Conclusions:
Significantly increased expression of TNF-a, IFN-y, IL-17A and MCP-1 mRNA
was observed in the periapical immune response in cases of endodontic failure.
These results suggest that a pro-inflammatory cytokine profile predominates in
these types of dental lesions. Key Words: Cytokine, endodontic retreatment,

apical periodontitis, chemokine
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Introduction

A growing demand for endodontic retreatment has been observed, as fhere
is an interest in preserving teeth whenever possible. Failure in endodontic
treatment is often caused by the persistence of microorganisms in the root
canal system after therapy or recontamination of the root canal due to
inadequate sealing (1, 2). The retreatment procedure requires removal of the
original root canal filling, further instrumentation, disinfection, and refilling. When
the treatment fails and microorganisms persist in the root canal, an immune
response is initiated to impede the dissemination of bacteria beyond the
periapical tissues (1-3).

The host immune response is complex and involves the recruitment of
inflammatory cells and production of cytokines and chemokines. Ultimately, this
process can result in alveolar bone destruction (1). According to the current
concept of CD4+ T helper (Th) cell development, at least four different Th
subsets exist: Th1, Th2, Th17, and Treg (4). A type 1 immune response,
characterized by the production of interferon-y (IFN-y), tumor necrosis factor-a
(TNF-a) and interleukin-1 {IL.-1), is involved in the progression, bone
destruction and remodeling of periapical lesions (5). In contrast,
immunosuppressive mechanisms mediated by Treg- or Th2-derived cytokines
are responsible for healing and restricting the inflammatory immune
mechanisms (6, 7). IL-10, initially described as a Th2 cytokine, exhibits strong
anti-inflammatory properties. It is now recognized that Th1 and Th17 cells also

produce 1L-10, in addition to Th2 and Treg cells (8).
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Thi7 cells, in humans, are characterized by their expression of 1L.-17 and IL-
22, They reside mainly at barrier surfaces, where they function to protect the
host from microorganisms (9-10). IL-17A may play a role in exacerbating
inflammation in periapical lesions by stimulating the production of other pro-
inflammatory cytokines (11) and might be an important factor in both the
initiation and development of periapical lesions (12). Chemokines participate in
the inflammatory process by promoting the activation of selectins that are
involved in the adhesion of cells to blood vessels. [n addition, the localized
expression of chemokines in tissues generates chemotactic gradients that are
responsible for the guided migration to and maintenance of cells at these sites
(13). Monocyte chemotactic protein (MCP-1) is expressed in higher levels in
periapical cysis when compared to healthy tissues (14, 15).

Although the immune response is known to participate in the formation of
periapical lesions, the cytokine response profile in endodontic failures has not
been clearly defined. The aim of this study was to assay and to compare the
mRNA expression levels of the cytokines IFN-y, TNF-a, IL-1B, IL-17A, and 1L-10
as well as the chemokine MCP-1 in periapical lesions refractory to endodontic

treatment to that in healthy periapical tissues.
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Materials and Methods
Human subjects

Subjects were 20 patients presenting periapical lesions refractory to
endodontic treatment and 20 patients with healthy teeth. Control subjects were
drawn from patients with prosthetic indications for endodontic treatment that
were referred to the School of Dentistry at the Universidade Federal de Minas
Gerais (Belo Horizonte, MG, Brazil). Patients were excluded from this study if
they had taken antibiotics in the three months prior to the initiation of endodontic
therapy. All participants signed the Free Agreement Formulary. This study was
approved by the Ethics Committee of the Universidade Federal de Minas Gerais

(ETIC 0011.0.215.203-10).

Sample colfection

Clinical samples were taken from teeth presenting periapical lesions
refractory to endodontic treatment (experimental group) and teeth with vital pulp
treated by prosthetic indication {control group). The criteria used to determine
the pulp diagnosis were based on clinical and radiographic analyses and pulp
sensitivity tests. Teeth were isolated using a rubber dam followed by a complete
asepsis. Cleaning and shaping of the root canals were completed using
retreatment ProTaper NiTi files (Denisply, Ballalgues, Switzerland) for teeth
from the experimental group and Universal ProTaper NiTi files (Dentsply,
Ballalgues, Switzerland ) for teeth from the control group, in conjunction with
5.2% sodium hypochlorite for both groups as previously described (16}. The

samples were collected as follows. The pre-existing root canal filling was
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removed without the use any solvent solution (experimental group). After
patency negotiation, three paper points (#20) were introduced into the root
canal, passing through the root apex (2 mmj) for one minute. This procedure
permitted exiraction of RNA from the interstitial fluid around the root canal apex.
After withdrawal, paper points were cut 4 mm from the tip and dropped into
microcentrifuge tubes; samples were stored at -70°C. Root canals were sealed
with vertically compacted thermoplasticized obturation in teeth from the control
group. In teeth from the experimental group, root canals received endodontic

dressing. Afterwards, coronal access was restored with eugenoi-based cement.

Sample Preparation

Total RNA was extracted from each sample with TRizol reagent
(GIBCO/BRL Laboratories, Grand Island, NY, USA). Briefly, chloroform was
added and the mixture was centrifuged at 12,000 x g at 4°C for 15 minutes; the
agueous phase was collected and RNA was precipitated by isopropanol.
Samples were centrifuged at 12,000 x g at 4°C for 10 minutes. The RNA
precipitate was washed once with 75% cold ethanol, dried, dissolved in RNase-
free water and then incubated at 55°C for 10 minutes. The RNA was then

stored at -70°C.

Real-time PCR
Complementary DNA was synthesized using 1 microgram of RNA through a
reverse transcription reaction as described by Silva ef al. {17). PCR was carried

out under standard conditions as follows: a holding stage at 95°C (10 minutes);
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a cycling stage of 40 cycles at 95°C (15 seconds) followed by 60°C (1 minute);
and a melt curve stage at 95°C (15 seconds), 60°C (1 minute) and 95°C (15
seconds). The primer sequences used for quantitative PCR analysis of [FN-y,
TNF-q, IL-1B, IL-17A, iL-10 and MCP-1 mRNA expression are shown in Table l.
Sequences were designed using PRIMEREXPRESS software (Applied
Biosystems, Foster City, CA, USA) based on nucleotide sequences available in
the GenBank database. The real-time PCR assay was performed using Step
One Real-time PCR Systems (Applied Biosystems). A Syber-Green detection
system (Applied Biosystems) was used to assay primer amplification.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as a
housekeeping gene for normalization. All samples were run in duplicates.
Reactions were carried out in a volume of 25-uL and contained 1 pg of cDNA.
Sequence Detection Software version v 2.0 (Applied Biosystems) was used to
analyze data after amplification. Results were obtained as threshold cycle (Ct)
values. Expression levels were then calculated using the comparative G(T)
method (18).The values were calculated as the mean value of the duplicates for
each patient, and the expression levels of mBNA in all samples were defined as

the ratio of each specific primer to GAPDH expression.

Statistical Analysis
Data analysis was performed using SPSS for Windows (version 15.0; SPSS,
Chicago, IL, USA). The Mann-Whitney test was used to determine statistical

differences between the groups (p < 0.05).
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- Results

mRNA for Thi-associated cytokines IFN-y and TNF-a was increased in
cases of endodontic failure as compared to the control group. The expression of
IL-1B, another type 1 cytokine, was not significantly different between groups (p
> 0.05). Expression of IL-17A was significantly higher in cases of endodontic
failure compared to control samples {p < 0.05). When compared to the internal
control (GAPDH), mRNA expression of IL-10 was insignificant in both the
experimental and control groups (data not shown). MCP-1 mRNA expression
was significantly higher (p < 0.05) in lesions refractory to treatment as

compared to the controls (Fig. 1).
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Discussion

Several cytokines and chemokines are involved in the immune responses
that take place during periapical lesions development (2, 11, 19, 20). In human
(11, 15, 20, 21) or in animal models (19, 22, 23), inflammatory mediators have
been detected in periapical lesions. Real-Time PCR has been widely used,
allowing fast, accurate and sensitive mRNA quantification with a high
throughput of samples. Quantitative PCR offers the opportunity to observe the
amplification kinetics of a PCR in “real time” via accumulation and measurement
of specific fluorescence signais with each cycle .However, several factors, such
as phenol, ethanol, haemoglobin, heparin and even the reverse transcriptase,
are known to inhibit PCR efficiency (24).To ensure PCR accuracy in our study,
all samples were treated according to identical protocols and in parallel. In this
study, we describe the mRNA gene expression levels of [FN-y, TNF-a, IL-18, IL-
17A, IL-10 and MCP-1 in periapical lesions refractory to endodontic treatment.

Significant levels of TNF-a mRNA were found in periapical lesions of teeth
refractory to endodontic treatment as compared to the periapical area of healthy
teeth. As a potent immunologic mediator of acute and chronic inflammatory
responses, TNF-a has the capability to increase bone resorption (25). Our
findings are in accordance with previous reports that demonstrated higher levels
of TNF-a in root canal exudates and periapical lesions in human cases of
chronic apical periodontitis (21, 26).

IL-1 has been demonstrated to play a pivotal role in several chronic

diseases, and it is known to be one of the most active stimulators of osteociastic
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bone resorption (27,28). It was shown, in an animal model, that anti-IL-1a
antisera were able to significantly neutralize bone resorption activity in
periapical lesions (22). Moreover, in humans, IL-1p levels were reduced in
periapical lesions after root canal treatment (21). in this study, IL-18 mRNA
expression was not significantly increased in refraciory lesions when compared
to healthy teeth. In periapical inflammation, it would be predictable that Tht
CD4+ T cells would up-regulate IL.-1 and other pro-inflammatory cytokines (6,
29). It is possible that we did not see increased expression of IL- mRNA in
lesions due the timing of tissue collection. The significantly higher pro-
inflammatory cytokine expression observed in refractory lesions (IFN-y, TNF-a
and IL-17A) might upregulate IL-1B expression at a later or different stage of
periapical lesion development. In this regard, it was shown that lL-1a is
detected in higher levels during reabsortive active phase than in chronic phase
of lesion development (6, 30).

CD4*Th17* cells are predominantly localized in inflamed tissues (31) and
produce pro-inflammatory cytokines, including IL-17 A/F heterodimer, TNF-a,
IL-22 and IL-26, all of which promote inflammation (32). IL-17 primarily acis on
stromal endothelial and epithelial cells as well as on a subset of monocytes to
induce the secretion of pro-inflammatory mediators. IL-17 is associated with
both the reabsortive active phase and chronic phase of periapical lesions, (12).
Our results are in accordance with the work of Xiong et al. (12), demonstrating
the presence of IL-17 in chronic lesions. A positive correlation between [FN-y
and IL-17 has been demonstrated in cultures from periapical iesions,

suggesting that both cytokines are important for the exacerbation of
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inflammation (11). In this study, both IFN-y and [L-17A cytokine mRNA
expression levels were significantly higher in periapical lesions refractory to
endodontic freatment. As many as half of all IL-17" cells are also IFN-y" in
humans (11,33). Although it is not well established if these celis represent a
stable phenotype or a transitional phase from Th17 to Th1 or vice versa, both
cytokines are present in periapical lesions refractory to endodontic treatment.

increased expression of MCP-1 has been associated with the greater
recruitment of cells fo inflammatory sites (15, 19, 20). We found that MCP-1
mRNA expression was increased in lesions refractory to endodontic treatment
as compared to control teeth. This result is in accordance with previous data
that demonstrated higher expression of MCP-1 in periapical granulomas and
cysts when compared {o healthy puip tissues (20).

The importance of IL-10 in controlling the degree and duration of
inflammatory reactions has been observed in several chronic inflammatory and
autoimmune pathologies (34). Using knockout murine models, Sasaki ef al. (35}
demonstrated that the development of periapical lesions was not modified in the
absence of IFN-y and IL-12. On the other hand, 1L.-10 and IL-6 knockout animals
had significantly greater infection-stimulated bone resorption compared with
wild-type mice (23, 36). Conversely, in this study, a very low expression of |L-10
was observed in both subject groups. it is important to point out that control
group was comprised by teeth with vital pulp, presenting periapical healthy
tissue, in which detection of 1L-10 was not expected. On the other hand, in
periapical interstitial fluid from teeth with necrotic pulp, I1L-10 m-RNA expression

was found in appreciable levels (data not shown). Nevertheless, a possible
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reason o explain the lower expression of IL-10 observed in cases of endodontic
failure could be a cross-immune regulation by the prevalent expression of type-
1 upon type-2 cytokines, as demonstrated by others (1, 6, 11, 19, 37).

In summary, the results of the present study show that mRNA expression of
TNF-q, {FN-y, IL-17A and MCP-1 might be involved in the maintenance of the
periapical immune response in cases of endodontic failure. Alternatively, they
reflect an inflammatory process that has not been resolved due fo infection
maintenance. Despite the fact that refractory endodontic failure represents
chronic periapical lesions, it was observed that pro-inflammatory cytokine profile

significantly prevail in those subjects.
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FIGURE 1. Expression of IFN-y, TNF- ,MCP-1, , IL-1, [L10- and IL-17 in periapical tissues
refractory to endodontic treatments. Levels of expression were determined by real-time PCR
and quantified by comparison with the internal control (GAPDH). Bars represent the mean

values of samples recovered from 20 patients; lines represent the standard error of the mean.

* indicates p < 0.05 by the Wilcoxon test.
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TABLE 1. Primer sequences

Gene Sense and antisense Mt* bp*
O

GAPDH  5°-GCA CCA CCA ACT GCT TAG CA- 3’ 80 96
5-TGG CAG TGA TGG CAT GGA GGA-3’

TNE-a. 5’-TTC TGG CTC AAA AAG AGA ATT G-3" 76 73
5°-TGG TGG TCT TGT TGC TTA AGG- 3’

IL-1B 5-TGG CAG AAA GGG AACAGAA-F 73 59
5"-ACA ACA GGA AAGTCC AGG CTA-3

IL-17A 5’-CAA TGACCT GGA ATT ACC CAA-3’ 70 52
5-TGA AGG CAT GTG AAATCG AGA- 3

IFN-y 5-GAA CTG TCG CCA GCA GCT AAA- 3’ 30 95
5-TGC AGG CAG GAC AACCATTA-3

CCL2 5-AAG ACC ATT GTG GCC AAG GA- 3’ 80 93
5-CGG AGT TTG GGT TTG CTT GT- 3

IL-10 5-GGT TGC CAAGCCTTGTCT GA- % 81 107

5'-TCC CCC AGG GAG TTC ACAT-3
*Mt: melting temperature; bp: base pairs of amplicon size.
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4- CONSIDERAGOES FINAIS

O sucesso do tratamento endodéntico depende de varios fatores . selecdo
do caso clinico, correto diagndstico e criteriosa execugéo da técnica de preparo
mecéinico-quimico e obturagdo tridimensional do SCR. Falhas no tratamento
endoddntico podem ocorrer em casos de acidentes e iatrogenias, também nos
casos em que hd a persisténcia ou a reintroduco de microrganismos no
sistema de canais radiculares. Quando o fratamento endoddntico nao alcanga o
sucesso almejado, indica-se o retratamento.

Os estudos gue se ativeram as populagbes microbianas que habitam os
SCR infectados, ao longo dos anos, demonstraram que a metodologia utilizada
interfere  enormemente nos resultados alcancados. Assim, inicialmente
acreditava-se que a microbiota presente em dentes com lesbes refratarias ao
tratamento endod6ntico seria sighificativamente menor do que a recuperada
em infeccdes endoddnticas priméarias (Sundqvist et al. 1998, Siqueira & Rogas
2004). A microbiota ali presente constituia-se principalmente de baciérias
Gram-positivas (Molander et al. 1998, Sundqvist ef al. 1998, Pinheiro ef al.
2003, Siqueira & Rogas 2004), com o predominio do Enterococcus faecalis
(Molander et al., 1998). Hoje, sabe-se que fais resultados foram influenciados
por limitagbes nas técnicas de coleta e cultivo, que apresentavam baixa
sensibilidade e inabilidade na deteccdo de microrganismos fastidiosos e
incultivaveis (Paster et al. 2008). Técnicas de biologia molecular, como a

hibridizacdo DNA-DNA (checkerboard), procuram reverter essa limitagéo,
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demonstrando ser essa microbiota um pouco mais complexa (Siqueira et al.
2000, Brito et al. 2007, Vianna et al. 2008, Tavares ef al. 2011).

Neste estudo, avaliou-se a microbiota dos SCR de dentes com lesdes
refratarias ao tratamento endodbntico, associando-se o MDA a hibridizacao
DNA-DNA, pois em trabalhos anteriores (Brito et al. 2007, Tavares et al. 2011),
demonstrou-se a pertinéncia da associagdo dessas técnicas na analise da
peguena amostra tradicionalmente recuperada das infecgdes endoddnticas. Ao
amplificar em 1000 vezes a amostra inicial, o MDA possibilita a observagéo
pelo “checkerboard”, que exige um conteido minimo de 10* células. Os
" estudos, analisando a microbiota endoddntica {Brito et al., 2007, Tavares ef al.,
2011), demonstraram que ela pode albergar todos o0s microrganismos
residentes na cavidade bucal, contrariando o dogma de que esse ambiente
seria seletivo para uma pequena amostra de microrganismos (Sundqvist, 1976,
Sundgqvist, 1992, Lana et al,, 2001).

Tradicionalmente, ao se caracterizar a microbiota do ftraio gastro-
intestinal, dividem-se as populagdes microbianas em grupos, de acordo com a
sua proporcdo naguele sitio (Savage, 1977). Neste estudo, baseado nessa
caracterizagdo, optamos por dividir as popula¢des microbianas em dominante
(>4%), sub-dominante (>2 a 4%) e residual (< 2%), considerando-se a
proporgdo média de cada espécie (% de DNA das sondas £ SEM) nas 40
amosiras clinicas avaliadas, o que nos permitiu visualizar como as espécies
microbianas se distribuem na comunidade climax. Tornou-se evidente que um
nimero restrito, apenas seis se encontravam presenies na populagéo

dominante (C.diphtheriae, S.constellatus, P.gingivalis, G.adjacens, P.denticola,
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e E. nodatum). A grande maioria se enquadrava no grupo residual. Ha varios
estudos sobre as interagtes microbianas que ocorrem nos SCR infectados,
enfatizando fatores ecoldgicos como: potencial redox, temperatura, viabilidade
de nutrientes e interagbes bacterianas. Sugerem que eles influenciariam a
dindmica de crescimento e colonizacdo microbiana nos SCR infectados (De
Sanctis ef al, 1991, Sundquivst 1992,1994, Chu Frederick et al, 2005,
Socransky & Haffajee 2005), e que a estrutura da comunidade microbiana pode
determinar a sintomatologia clinica (Yoshida et al,, 1987, Siqueira et al., 2004,
Chu Frederick et al, 2005). Contudo, utilizando diferentes metodos de
identificacdo, esses estudos ndo retrataram a rea! distribuicdo microbiana na
comunidade climax, limitando-se a aferir a presenca dessa ou daquela espécie
no sitio em andlise. Impossivel era determinar se todos os membros daquela
comunidade se encontravam em igualdade populacional e, consequentemente
se desempenhavam papéis de relevancia no biofilme e na indugéo de resposta
no hospedeiro. As contribuigdes do presente estudo seriam: demonstrar que a
infeccéo endoddntica em dentes com lesdes refratarias @ mista e complexa,
possibilitar a analise da infecgéo quanto a sua prevaléncia populacional no sitio
endoddntico, n&o apenas a sua detecgao.

Examinando-se a microbiota dominante, pode-se inferir quais
microrganismos modulavam o processo patolégico naguele dado momento.
Entretanto, a presenca de organismos sub-dominantes e residuais ndo pode
ser subestimada, pois as mudangas ecoldgicas que ocorrem no ambiente com

o tempo alterardo o perfil dessas populagdes.
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Durante as Ultimas décadas, os casos clinicos de insucesso no
tratamento endodbntico foram atribuidos principalimente a presenca do E.
fascalis (Molander ef al, 1998, Sundgvist et al,, 1998, Hancock et al 2001,
Pinheiro et al., 2003, Gomes ef al., 2008). A essa espécie imputou-se quase
toda a responsabilidade. Ela se destacou entre 0s poucos microrganismos que
ali eram recuperados. Utilizando-se, entretanto, 107 espécies, dentre
tradicionais periodontopatogenos, microrganismos prevalentes nas infecgbes
endodénticas, patégenos de interesse médico e leveduras, observou-se que o
papel do E. faecalis nessas infecgbes é guestionavel e deve ser revisto, como
sugeriram outros autores (Rocas et al., 2004, Sakamoto ef al,, 2008). Apesar
de detectado em 34 das 40 amostras analisadas, sua propor¢ao variou de 0.55
+ 0.27 (%de DNA das sondas £ SEM), estando presente, em altas proporgdes,
em apenas uma das amostras.

A relacdo entre infeccdo dos sistemas de canais radiculares e respostas
imuno-inflamatérias periapicais j& estd bem comprovada na literatura
(Kakehashi et al., 1965, Sundqvist, 1976, Moller et al., 1981, Fabricius et al,
1982, Teles et al., 1997, Kawashima & Stashenko, 1999, Silva et al., 2005,
Colic et al., 2009b). Com a infecgdo dos SCR, células imuno-competentes
migram para o tecido periodontal adjacente ao apice do dente em questdo, no
intuito de prevenir a disseminagéo microbiana. Os estudos sobre as respostas
imunoperiapicais em humanos utilizavam a remogéo cirGrgica do granuloma ou
cisto, guando entdo, realizavam-se as analises dos espécimes clinicos. No
presente estudo propusemos uma nova metodologia, que se mostrou eficaz,

permitindo-nos coletar o fluido intersticial perirradicular, de forma conservadora,



Andlise Microbiolégica E Imunoldgica De Lesdes Refratdrias Ao Tratamento Endodéntico 71

evitando-se a cirurgia paraendodontica. Utilizando-se o PCR em tempo real,
demonstrou-se que prevaleceu um perfil de citocinas pré-inflamatdrias nas
lesbes refratarias ao tratamento endoddntico. Este resultado, quando
confrontado aos achados microbioldgicos obtidos nos mesmos sitios, se torna
perfeitamente compreensivel, pois ambas as coletas ocorreram no mesmo
momento.

Utilizando metodologias inovadoras, esie frabalho demonstrou, de
maneira inequivoca, a pertinéncia em se analisar a infec¢io endodéntica sob o
ponto de vista da quantificacdo populacional para se entender o papel de uma
dada espécie microbiana na comunidade climax, tanto na dindmica do biofiime
quanto na resposta imune arguitetada no paciente. Finalmente, espera-se que
este estudo contribua para uma compreensdo mais bem fundamentada dos
aspectos microbianos e imunolégicos que permeiam as infecgbes de dentes

com lesdes refratarias ao tratamento endodbntico.
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5- CONCLUSOES

- A microbiota recuperada de dentes portadores de infecgbes refratarias
ao tratamento endoddntico demonsirou ser mais complexa do que
anteriormente demonstrado, utilizando-se a associacdo das técnicas MDA/
Checkerboard e de um maior nimero de sondas microbianas.

- Observou-se, na determinacéo das proporgbes médias de cada espécie
microbiana, que um peguenc grupo se encontrava em niveis mais elevados (C.
diphtheria, S. constellatus, P. gingivalis, G. adjacens , e P. denticola) quando
comparado ao das demais espécies avaliadas.

- Apesar da maioria dos estudos vincularem a presenga E. faecalis ao
insucesso do tratamento endodbntico, seu papel nessas infecgbes deve ser
revisto.

- As respostas imuno-periapicais a infeccdo presente nos dentes com

leses refratarias ao tratamento endoddntico apresentou um perfil pro-

inflamatdrio.



Andlise Microbiolégica E Imunolégica De Lesdes Refratdrias Ao Tratamente Endodéntico 73

6 - REFERENCIAS (INTRODUCAO E DISCUSSAOQ)

Akamine A, Hashiguchi 1, Toriya Y and Maeda K (1994). immunohistochemical
examination on the localization of macrophages and plasma cells in induced rat

periapical lesions. Endodontics & dental traumatology 10: 121-8.

Balio K, Sasaki H, Stashenko P (2001) Interleukin-6 Deficiency Increases.

Inflammatory Bone Destruction. Infect Immun 69:744~-50.

Bazzoni F, Tamassia N, Rossato M, Cassatella MA (2010). Understanding the
molecular mechanisms of the muiiifaceted IL-10-mediated anti-inflammatory

response: Lessons from neutrophils. Eur J Immunol 40:2360-8.

Berg RD (1996) The indigenous gastrointestinal microflora. Trends in

Microbiology 4&: 430-5.

Beveridge TJ, Goldner M (1973) Statistical relationship between the presence
of human subgingival anaerobic diphteroids and periodontal disease. Journal of

Dental Research 3: 451-3

Brito LC, Teles FR, Teles RP et al. (2007) Use of multipledisplacement
amplification and checkerboard DNA-DNA hybridization to examine the
microbiota of endodontic infections. Journal of Clinical Microbiology 45: 3039~

49.



Andlise Microbiolégica E Imunoldgica De LesGes Refratdrias Ao Tratamento Endodéntico 74

Brito LCN, Ribeiro-Sobrinho AP, Teles RP, Socransky SS, Haffajee AD, Vieira
LQ, Teles FR (2011) Microbiologic profile of endodontic infections from HIV-

and HIV+ patients using MDA and Checkerboard. Oral Diseases (In press).

Chu Frederick CS, Tsang CSP, Chow Tak W, Samaranayke LP (2005).
jdentification of cultivable microrganisms from primary endodontic infections

with exposed and unexposed pulp space. J. Endod 31: 424 - 429.

Coli¢ M, Gazivoda D, Vucevic D, Vasilijié S, Rudolf R, Lukic A (2008).
Proinflammatory and immunoreguiatory mechanisms in periapical lesions. Mo/

Immunol 47:101-13.

De Rossi A, Rocha LB, Rossi MA (2008). Interferon-gamma, Interieukin-10,
Intercellular Adhesion Molecule-1, and Chemokine Receptor 5, but not

interleukin-4, attenuate the development of periapical lesions. J Endod 34:31-8.

de Sa AR, Pimenta FJ, Duira WQ, Gomez RS (2007). iImmunolocalization of
interleukin-4, interleukin-6, and lymphotaxin alpha in dental granulomas. Oral

Surg Oral Med Oral Pathol Oral Radiol Endod 26:356-60.

De Sanctis M, Vignoletti G, Chieff S (1991). Relazioni endo-parodontaliaspetti

microbiologici e clinici. Dent. Cadmos. 59: 36 - 42.



Andlise Microbiolégica E Imunoldgica De Lesfes Refratdrius Ao Tratamento Endoddntico 75

de Souza Goncalves L, Souto R and Colombo AP (2009) Detection of
Helicobacter pylori, Enterococcus faecalis, and Pseudomonas aeruginosa in the
subgingival biofilm of HIV-infected subjects undergoing HAART with chronic
periodontitis. European Journal of Clinical Microbiology and Infectious Diseases

28:1335-42.

Fabricius L, Dahlen G, Ohman AE and Moller AJ (1982). Predominant
indigenous oral bacteria isolated from infected root canals after varied times of

closure. Scand J Dent Res 90: 134-44.

Gao J, LiY, Wang Q, Qi C and Zhu S (2011). Correlation between distribution
of Helicobacter Pylori in oral cavity and chronic stomach conditions. Journal of
Huazhong University of Science and Technology (Medical Sciences) 31: 409-
12.

Gomes BP, Pinheiro ET, Gade-Neto CR , Sousa EL, Ferraz CC, Zaia AA,
Teixeira FB, Souza-Filho FJ. (2008) Microbiological examination of infected

denial root canals. Oral Microbiol Immunol 19:71- 6.

Gomes BP, Pinheiro ET, Jacinto RC, Zaia AA, Ferraz CC, Souza-Fitho FJ
(2008) Microbial analysis of canals of root-filled teeth with periapical lesions

using polymerase chain reaction. Journal of Endodontics 5: 537-40.



Andlise Microbiolégica E Imunoldgica De Lesées Refratdrias Ao Tratamento Endodédntico 76

Hancock HH, Sigurdsson A, Trope M, Moiseiwitsch J (2001) Bacteria isolated
after unsuccessful endodontic treatment in a North Am population. Oraf Surgery

Oral Medicine Oral Pathology Oral Radiology and Endodontics 91: 579-86.

Holmes RK (2000) Biology and molecular epidemiology of diphtheria toxin and

the tox gene. Journal of Infectious Diseases 181: 156-67.

Huse SM, Dethlefsen L., Huber JA, Welch DM, Relman DA, Sogin ML (2008)
Exploring microbial diversity and taxonomy using SSU rRNA hypervariable tag

sequencing. PLoS Genetics, 4e1000255.

Kawashima N, Stashenko P (1999). Expression of bone-resorptive and

regulatory cytokines in murine periapical inflammation. Arch Oral Biol 44:55-66.

Lana MA, Ribeiro-Sobrinho AP, Stehling R, Garcia GD, Silva BK, Hamdan JS,
Nicoli JR, Carvalho MA and Farias Lde M (2001). Microorganisms isolated from
root canals presenting necrotic pulp and their drug susceptibility in vitro. Oraf

Microbiol Immunofie: 100-5,

Lang NP, Tonetti MS, Suter J, Sorrell J, Duff GW, Kornman KS (2000). Eftect of
interleukin-1 gene polymorphisms on gingival inflammation assessed by
bleeding on probing in a periodontal maintenance population. J Periodontal Res

35:102-7.



Andlise Microbivlégica E Imunoldgica De Lesées Refratdrias Ao Tratamento Endodéntico 77

Manolagas SC (1995). Role of cytokines in bone resorption. Bone 17:63~7.

Marcal JRB, Samuel RO, Fernandes F, et al (2010). T-helper cell type
17/regulatory T-cell immunoregulatory balance in human radicular cysts and

periapical granulomas. J Endod 36:995-9.

Martinez ZR, Naruishi K, Yamashiro K et al (2007). Gene profiles duting root

canal treatment in experimental rat periapical lesions. J Endod 33:936-43.

McGeachy MJ, Cua DJ (2008). Th17 cell differentiation: the long and winding

road. Immunily 4:445-53

Molander A, Reit G, Dahlen G, Kvist T (1998) Microbiological status of root-filled

teeth with apical periodontitis. International Endodontic Journal 31: 1-7.

Nair PN (2006) On the causes of persistent apical periodontitis: a review.

Int Endod J. 39:249-81.

Oram M, Woolston JE, Jacobson AD, Holmes RK, Oram DM (2007)
Bacteriophage-based Vectors for Site-specific Insertion of DNA in the

Chromosome of Corynebacteria. Gene 1-2: 53-62.



Andlise Microbiolégica E Imunocldgica De Lesdes Refratdrias Ao Tratamento Endodéntico 78

Moller AJ, Fabricius L, Dahlen G, Ohman AE and Heyden G (1981). Influence
on periapical tissues of indigenous oral bacteria and necrotic pulp tissue in

monkeys. Scand J Dent Res 89: 475-84

Ohara-Nemoto Y, Tajika S, Sasaki M, Kaneko M (1997) Identification of
Abiotrophia adjacens and Abiotrophia defective by 16S rBRNA Gene PCR and
Restriction Fragment Length. Polymorphism Analysis. Journal of Clinical

Microbiology 10: 2458-63.

Paster BJ, Olsen 1, Aas JA, Dewhirst FE (2006) The breadth of bacterial’
diversity in the human periodontal pocket and other oral sites. Periodontology

2000 42: 80—7.

Pinheiro ET, Gomes BP, Ferraz CC et al. (2003) Microorganisms from canals of
root-filled teeth with periapical lesions. International Endodontic Journal 36: 1—

11.

Portenier |, Waltimo TMT, Haapasalo M (2003) Enterococcus faecalis - the root
canal survivor and ‘star’ in post-treatment disease. Endodontic Topics 6: 135~

59.

Régas IN, Siqueira JF Jr, Aboim MC, Rosado AS (2004} Denaturing gradient

gel electrophoresis analysis of bacterial communities associated with failed



Andlise Microbiolégica E Imunolégica De Lesbes Refratdrias Ao Tratamento Endodéntico 79

endodontic freatment. Oral Surgery Oral Medicine Oral Pathology Oral

Radiology and Endodontics 98: 7419,

Rolph HJ, Lennon A, Riggio MP et al. (2001) Molecular identification of
microorganisms from endodontic infections. Journal of Clinical Microbiology 39:

3282-89.

Safavi KE, Rossomando ER (1991). Tumor necrosis factor identified in

periapical tissue exudates of teeth with apical periodontitis. J Endod 17:12-4.

Sakamoto M, Sigueira JF Jr, Rogas IN, Benno Y (2008) Molecular analysis of
the root canal microbiota associated with endodontic treatment failures. Oral

Microbiology and Immunology 23: 275-81.

Sasaki H, Hou L, Belani A, et al (2000). IL-10, but not IL-4, suppresses

infection-stimulated bone resorption in vivo. J Immunol 165:3626-30.

Savage DC (1977) Microbial ecology of the gastrointestinal tract. Annual

Review of Microbiology 31: 107-33.

Sibley CD, Parkins MD, Rabin HR, Duan K, Norgaard JG, Sureite MG (2008) A
polymicrobial perspective of pulmonary infections exposes an enigmatic
pathogen in cystic fibrosis patients. Proceedings of the National Academy of

Sciences of the United States of America 105; 15070-5.



Andlise Microbioldgica E Imunolégica De Lesdes Refratdrias Ao Tratamento Endodéntico 80

Silva TA, Garlet GP, Lara VS, Martins WJ, Silva JS, Cunha FQ (2005).
Differential expression of chemokines and chemokine receptors in inflammatory

periapical diseases. Oral Microbiol immunol 26:310-86.

Silva DG, Stevens RH, Macedo JM, Albano RM, Falabella ME, Fischer RG,
Veerman EC, Tinoco EM (2010) Presence of Helicobacter pylori in
supragingival dental plague of individuals with periodontal disease and upper

gastric diseases. Archives of Oral Biology 55: 896-901.

‘Siqueira JF Jr, Rogas IN, Souto R, de Uzeda M, Colombo AP (2000)
Checkerboard DNA-DNA hybridization analysis of endodontic infections.Oral

Surg Oral Med Oral Pathol Oral Radiol Endod 88:744-8

Siqueira Jr JF, Rocas IN, Rosado AS (2004) Investigation of bacterial
communities associated with asymptomatic and sympiomatic endodontic
infections by denaturing gradient gel electrophoresis fingerprinting approach.

Oral Microbiol Immunof19, 363 - 370.

Siqueira Jr JF, Rogas IN (2004) Polymerase chain reaction-based analysis of
microorganisms associated with failed endodontic treatment. Oral Surgery Oral

Medicine Oral Pathology Oral Radiology and Endodontics 97: 85-94.



Andlise Microbioldgica E Imunoldgica De LesGes Refratdrias Ae Tratamento Endedéntico 81

Siqueira Jr JF, Rogas IN, Rosado AS (2005) Application of denaturing gradient
gel electrophoresis (DGGE) to the analysis of endodontic infections. Journal of

Endodontics 31: 775-82.

Siqueira Jr JF, Rogas IN (2009) Community as the unit of pathogenicity: An
emerging concept as to the microbial pathogenesis of apical periodontitis. Oral
Surgery Oral Medicine Oral Pathology Oral Radiology and Endodontics 107:

870-8.

Socransky SS, Haffajee AD (2005) Periodontal microbial ecology.

Periodontology 2000 38: 135-87.

Sogin ML, Motrison HG, Huber JA, Welch DM, Huse SM, Neal PR, et al. (2006)
Microbial diversity in the deep sea and the underexplored “rare biosphere”.
Proceedings of the National Academy of Sciences of the United States of

America 103: 12115-20.

Spratt DA, Weighiman AJ, Wade WG (1999} Diversity of oral asaccharolytic
Eubacterium species in periodoniitis — identification of novel phylotypes

representing uncultivated taxa. Oral Microbiol Immunol 14: 56-9.

Stashenko P, Teles R, D'Souza R (1998). Periapical inflammatory responses

and their modulation. Crit Rev Oral Biol Med 9:498 —521



Andlise Microbiolégica E Imunclégica De Lesées Refratdrias Ao Tratamento Endodéntico 82

Sundqvist G (1976). Bacteriological studies of necrototic pulps.Umea; University

Odontol. 94p.(Dissertation).

Sundqvist G (1992). Associations between microbial species in dental root

canal infections. Oral Microbiol Immunol 7: 257-62.

Sundgqvist G, Figdor D, Persson S, Sjogren U (1998) Microbiologic analysis of
teeth with failed endodontic treatment and the outcome of conservative re-
treatment. Oral Surgery Oral Medicine Oral Pathology Oral Radiology and

Endodontics 85: 86-93.

Tavares WLF, Neves de Brito L.C, Teles RP, Massara MLA, Ribeiro Sobrinho
AP, Haffajee AD, Socransky SS, Teles FR (2011) Microbiota of deciduous
endodontic infections analysed by MDA and Checkerboard DNA--DNA

hybridization. International Endodontic Journal 44. 225-35.

Teixeira-Salum TB, Rodrigues DB, Gervasio AM, Souza CJ, Rodrigues V, Jr.
and Loyola AM (2010). Distinct Th1, Th2 and Treg cytokines balance in chronic
periapical granulomas and radicular cysts. Journal of oral pathology &medicine :
official publication of the International Association of Oral Pathologists and the

American Academy of Oral Pathology 39. 250-6.



Andlise Microbioldgica E Imunolégica De LesGes Refratdrias Ao Tratamento Endodéntico 83

Teles F, Haffajee AD, Socransky SS (200'7) Multiple displacement amplification
as an aid in checkerboard DNA-DNA hybridization. Oral Microbiology and

Immunology 22, 118-25.

Tesmer LA, Lundy SK, Sarkar S, Fox DA (2008). Th17 cells in human disease.

Immunol Rev 223:87-113.

Vianna ME, Horz HP, Gomes BP, Conrads G (2005) Microarrays complement
culture methods for identification of bacteria in endodontic infections. Oral

Microbiclogy and Immunology 20: 253-8.

Vianna ME, Horz HP, Conrads G, Feres M, Gomes BP (2008). Comparative
analysis of endodontic pathogens using checkerboard hybridization in relation

to culture.Oral Microbicl Immunol 23:282-90.

Wang CY, Stashenko P (1983). The role of interleukin-1 alpha in the
pathogenesis of periapical bone destruction in a rat model system. Oral

Microbiol immunol 8:50-6.

Weaver CT, Harrington LE, Mangan PR, Gavrieli M, Murphy KM (20086). Th17:

an effector CD4 T cell lineage with regulatory T cell ties. Immunily 24:677-88.

Wilson NJ, Boniface K, Chan JR, et al (2007). Development,cytokine profile and

function of human interteukin 17-producing helper T cells. Nat Immunol 8:950-7



Andlise Microbiolégica E Imunoldgica De Lesées Refratdrias Ao Tratamento Endoddntico 84

Xiong H, Wei L, Peng B (2009). Immunochistochemical localization of IL-17

in induced rat periapical lesions. J Endod 35:216-20.

Yoshida M, Fukushima H, Yamamoto K, Ogawa K, Toda T, Sagawa H,
(1987). Correlation between clinical symptom and microorganisms isolated

from root canals of teeth with periapical pathosis. J. Endod. 13, 24 -28

Yu JJ and Gaffen SL (2008). Interleukin-17: a novel inflammatory cytokine that

bridges innate and adaptive immunity. Front Biosci 13: 170-7.

Zoletti GO, Sigueira JF Jr, Santos KR (2006) Identification of Enterococcus
faecalis in rootfilled teeth with or without periradicular lesions by culture-

dependent and —independent approaches. Journal of Endodontics 32: 722-6



