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RESUMO

A progressao e desenvolvimento de patologias pulpares e periapicais estdo
intimamente relacionados a presenga de microrganismos e seus subprodutos nos
sistema de canais radiculares (SCR), que induzem uma resposta de defesa
adjacente ao apice radicular. A angiogénese € apontada como fator essencial na
patogénese das alteragdes periapicais crbnicas, estando relacionada ao seu
estabelecimento e manutencao, por ser fonte constante de citocinas, quimiocinas e
proteases. A angiogénse também esta relacionada ao reparo tecidual que segue a
resolucdo das alteragdes perirradiculares apds a realizagao da terapia endodéntica.
Neste estudo, avaliou-se a expressdo de fatores pro-angiogéncios e citocinas
relacionadas, em amostras coletadas de pacientes (n=20) com dentes portadores de
Periodontite Apical Cronica imediatamente apds a instrumentacdo dos SCR e 7 dias
apo6s os procedimentos de desinfecgdo. As amostras foram analisadas por meio de
reacdo em cadeia da polimerase em tempo real (PCR-RT). Verificou-se a expressao
génica de fatores pro-angiogénicos e citocinas Angiopoetina-1 (AGT1), Fator de
crescimento endotelial vascular-A (VEGF-A), Fator de crescimento fibroblastico
basico (FGF-B), Proteina quimiotatica de mondcitos (CCL2/MCP-1), Proteina
inflamatoria de macrofagos-18 (CCL4), C-X-C Receptor de quimiocina tipo 4
(CXCR4), C-C Receptor de quimiocina tipo 6 (CCR6), TNF-a, IFN-y, IL-17, IL-10, IL-
6, RANK-L e MMP-9. A expressdo do mRNA dos mediadores avaliados revelou
aumento significativo nos niveis de AGT1, CCL2/MCP-1, CCL4, CCR6, TNF-a, IFN-
Y, IL-10, RANK-L e MMP-9 no dia 7 quando comparado com o dia 0 (P <0,05). Para
VEGF-A, FGF-B3, CXCR4, IL-17 e IL-6 as expressdes de mRNA foram semelhantes
em ambos tempos mensurados (P> 0,05). Pode-se concluir que, apds desinfecgéo
do SCR, houve aumento nos niveis de expressdo de mRNA de importantes

mediadores envolvidos nos fenbmenos angioproliferativos e osteogénicos.

Palavras-Chave: Tratamento endodontico. Necrose pulpar. Angiogénse apical.

Infecgdo endoddntica. Imunologia.



ABSTRACT

“Evaluation of apical expression of pro-angiogenic factors and cytokines in

response to endodontic infection”

The progression and development of pulpal and periapical pathologies are closely
related to the presence of microorganisms and their by-products in the infected root
canal system (RCS), which induces a defense response adjacent to the root apex.
Angiogenesis has been identified as an essential factor in the pathogenesis of
chronic periapical alterations, being related to its establishment and maintenance,
being a constant source of cytokines, chemokines and proteases. Angiogenesis is
also related to the tissue repair that follows the resolution of the periradicular
alterations after the implementation of endodontic therapy. In this study, was
evaluated the expression of pro-angiogenic factors and correlated cytokines in
samples collected from patients (n = 20) on teeth with Chronic Apical Periodontitis
immediately after RCS instrumentation and 7 days after disinfection procedures.
Samples were analyzed by real-time polymerase chain reaction (RT-PCR). The gene
expression of pro-angiogenic factors and cytokines Angiopoetin-1 (AGT1), Vascular
endothelial growth factor-A (VEGF-A), Basic fibroblast growth factor (FGF-B),
Monocyte Chemoattractant Protein-1 (CCL2/MCP-1), Macrophage inflammatory
protein-1B (CCL4), C-X-C chemokine receptor motif 4 (CXCR4), C-C chemokine
receptor motif 6 (CCR6), TNF-a, IFN-y, IL-17, IL-10, IL-6, RANK-L and MMP-9. The
MRNA expression of the mediators evaluated revealed a significant increase in levels
of AGT1, CCL2/MCP-1, CCL4, CCR®6, TNF-qa, IFN-y, IL-10, RANK-L and MMP-9 on
day 7 when compared to day 0 (P <0.05). As for VEGF-A, FGF-B, CXCR4, IL-17 and
IL-6 their mRNA expressions was similar at both observed times (P> 0.05). In
conclusion, after cleaning and shaping procedures of the RCS, there was an
increase in MRNA expression levels of important mediators involved in

angioproliferative and osteogenic phenomenon.

Key words: Endodontic treatment. Pulp necrosis. Angiogenesis. Endodontic

infection. Immunology.
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1. CONSIDERAGOES INICIAIS

A progressédo e desenvolvimento de patologias pulpares e periapicais
estdo intimamente relacionados a presenga de microrganismos e seus
subprodutos. Uma vez instalados nos sistema de canais radiculares (SCR), os
microrganismos induzem uma resposta de defesa adjacente ao apice radicular
(Stashenko, 1990; Siqueira et al., 2004). A resposta inflamatodria, que ai se
processa, recruta células imunocompetentes para conter e impedir a
disseminacdo dessa infec¢cao para outros sitios, culminando com a formacéao
de uma lesdo crénica e a concomitante reabsor¢cdo dos tecidos de suporte
periodontais adjacentes (Stashenko, 1990; Virtej et al., 2013; Marton et al.,
2014). Grande parte dos efeitos patogénicos microbianos sobre os tecidos
periapicais operam-se de forma indireta, via estimulagdo de mediadores
soluveis derivados do hospedeiro, como as citocinas e quimiocinas. O objetivo
deste fenbmeno € eliminar o agente agressor, permitindo que o reparo tecidual
ocorra (Stashenko et al., 1998). Um influxo robusto de células de defesa é
iniciado pela interagdo entre os microrganismos do canal radicular infectado
com a regido periapical. Hd uma grande diversidade de células nas lesdes
perirradiculares humanas, dentre elas destacam-se os linfocitos TCD4+ e
TCD8+, macréfagos, células plasmaticas, mastocitos, eosinofilos. As células T,
entretanto, sdo as mais numerosas nessas lesdes (Marton et al., 2014).

Os linfécitos TCD4+ e TCD8+, apds seu contato com antigenos ou ao
serem estimulados por outras células inflamatérias, podem produzir uma
grande variedade de citocinas. As células TCD4+ atualmente subdividem-se
em varios subgrupos que incluem as células: Th1, Th2, Th17 e T regulatérias
(Treg) (Colic et al., 2009; de Brito et al., 2012). A resposta Th1 caracteriza-se
pela produgdo de IFN-y, IL-12, IL-2, e TNF, envolvendo-se na progresséo e
destruicdo Ossea perirradicular. 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 cicatrizagao e
regeneracao dos tecidos perirradiculares (Stashenko et al., 1998, Kawashima &
Stashenko, 1999, Teixeira-Salum et al., 2010). O subgrupo Th17 produz a IL-
17, citocina pré-inflamatéria com atuacdo em varias células da resposta inata, e

€ considerada ponte entre esta e a resposta adaptativa (Marcal, et al., 2010,
14



Marton et al., 2014). As células Treg, produtoras de TGF-f3 e IL-10 apresentam
um efeito inibitério sobre a reabsorcdo Ossea durante a formacido e
diferenciagdo dos osteoclastos, além de atuarem na regulacdo da resposta
imune contra a infec¢cado (Colic et al., 2009). As quimiocinas participam do
processo inflamatorio ao promoverem a ativagao de selectinas que, por sua
vez, estdo envolvidas na adesdo de células as paredes endoteliais. Sua
expressdo localizada nos tecidos gera gradientes quimiotaticos, que s&o
responsaveis pela migracdo guiada e a manutengdo de ceélulas inflamatorias
nesses locais (Mantovani et al., 1998, Silva et al., 2005).

Diante desse panorama, estudos relatam uma estreita correlagdo entre
angiogénese e lesdes inflamatorias cronicas, e em muitas condi¢gdes, como nas
lesbes periapicais, elas ocorrem concomitantemente (Saghiri et al., 2015,
Bletsa et al., 2012; Virtej et al., 2013). A angiogénese tem sido apontada como
fator essencial na patogénese das lesdes periapicais crbnicas, estando
relacionada ao estabelecimento e manutencéo da lesdo, uma vez que 0s vasos
sanguineos neoformados suprem a continua demanda de nutrientes e oxigénio
das células em proliferagdo. Contribui para a inflamagao por serem uma fonte
constante de citocinas, quimiocinas e proteases. (Fabricius et al., 2006; Bletsa
et al., 2012; Sette-Diasl et al., 2016; Virtej et al., 2013). Participa também do
reparo tecidual que se segue a resolugdo da patologia perriradicular apds a
instituicdo da terapia endodéntica (Bletsa, et al., 2012; Virtej et al., 2016).

Apés os procedimentos de limpeza e modelagem do SCR, a
angiogénese relaciona-se ao reparo tecidual periapical (Siqueira et al., 2004).
Isto se deve ao fato de a resolugdo da infeccdo e consequente cicatrizagao
perirradicular, depender também da angiogénese (Fabricius et al., 2006; Bletsa
et al., 2012; Sette-Dias et al., 2016; Virtej et al., 2013). Apoés a remogéo dos
agentes microbianos do interior dos SCR, por meio dos procedimentos de
limpeza e modelagem, a carga bacteriana do canal radicular diminue
drasticamente permitindo que se inicie o processo de cicatrizagao periapical
(Sette-Dias et al., 2016; Bakhshayesh et al., 2012; Rodrigues et al., 2017;
Bambirra et al., 2015). O reparo 6sseo requer um processo coordenado entre
osteogénese e angiogénese envolvendo multiplos passos que inclui migragao,
proliferagdo e diferenciagdo de varios tipos de células, como endoteliais,
fibroblastos, osteoblastos e osteoclastos (Santos, 2000). A angiogénese e a

15



oferta eficiente de sangue sao pré-requisitos para apoiar e sustentar o
desenvolvimento e a manutengdo ossea (Liu et al., 2014). A cicatrizagdo dos
tecidos periapicais requer o recrutamento de células-tronco mesenquimais/
células precursoras osteoblasticas e sua diferenciagdo em osteoblastos
comprometidos para a sintese da matriz mineralizada. Isso esta intimamente
associado aos eventos locais de angiogénese/vascularizagado (Stegen et al.,
2015), e a ligacéo entre as células osteoblasticas e endoteliais € necessaria
para o resultado positivo do processo reparador (Stegen et al., 2015; Laranjeira
et al., 2012).

O estimulo a angiogénese esta relacionado com a producéo de fatores
pré-angiogénicos e anti-angiogénicos, incluindo fatores de crescimento,
quimiocinas e citocinas que atuam para manter a quiescéncia da
microvasculatura responsavel pelo desenvolvimento endotelial (Folkman, 1995;
Virtej et al., 2013; Saghiri et al., 20015). Uma ampla variedade de fatores
angiogénicos enddégenos € descrita na literatura tais como o fator de
crescimento fibroblastico basico (FGF-8, basic fibroblastic growth factor), fator
de crescimento do endotélio vascular (VEGF, vascular endothelial growth
factor), fator de crescimento derivado de plaquetas (PDGF, -derived growth
factor), fator estimulador de granuldcitos (G-CSF, do inglés granulocyte-colony
stimulating factor), fator de crescimento placentario (PIGF, placental growth
factor), fator de crescimento dos hepatdcitos (HGF, hepatocyte Growth Factor),
a Angiopoetina (AGT), a proliferina, o TGF-a, o TGF-3, o TNF-a e a IL-8
(Folkman, 1995; Virtej et al., 2013).

Pesquisas recentes demonstraram a presenca dos fatores pro-
angiogénicos FGF- e VEGF nas lesdes perirradiculares humanas (Moldauer et
al., 2006; Bletsa, et al., 2012; Virtej et al., 2016). A Angiopoetina (AGT) se liga
aos receptores das células endoteliais, fazendo com que elas produzam fatores
de migracéo, proliferagdo e diferenciagdo das células periendoteliais que irdo
envolver os tubos de endotélio, sustentar e definir a arquitetura dos vasos, bem
como permitir a maturagdo dos mesmo (Saghiri et al., 2015).

O VEGF é o fator essencial para a diferenciacdo do sistema vascular,
sendo um potente mitdégeno para as células endoteliais, pois pode promover a
sua proliferacdo e migracdo. O VEGF-A € membro da familia VEGF, que inclui
também VEGF-B, C, e D, que sdo expressos no tecido pulpar, tendo efeito
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autocrino e paracrino (Saghiri et al., 2015; Bletsa, et al., 2012; Virtej et al.,
2013). A producédo do VEGF pode ser induzida em células endoteliais, células
epiteliais, macréfagos, linfocitos e fibroblastos por diversos estimulos, tais
como Lipopolissacarideos, citocinas inflamatorias (IL-1, IL-8, TNF-a), fatores de
crescimento (TGF-a, TGF-B e PDGF) e hipoxia tecidual. Nesta situagéo, as
células produzem o fator de transcricdo HIF (hipoxia inducible factor) que
estimula a secregédo de VEGF (Dvorak et al., 1995; Hanaha & Folkman, 1996).
A presenca de VEGFs e seus receptores em osteoblastos e osteoclastos
sugere uma ligacéo entre o crescimento vascular e a remodelagéo 6ssea (Virtej
et al., 2013). Estudos recentes em modelo animal de periodontite apical
demonstraram a presenga do VEGF e seus receptores nos vasos sanguineos,
bem como em macrofagos, PMN, fibroblastos. VEGF-R 2 e 3 também foram
encontrados em osteoclastos (Virtej et al., 2013).

Outro importante fator envolvido na angiogénese é o FGF- e também
esta relacionado a patogénese das lesdes periapicais (Saghiri et al., 2015)..
Este fator de crescimento, reconhecidamente um fator angiogénico, além de
estimular a neoformagao vascular, pode participar da formagado do tecido de
granulagdo e da ativagdo das células epiteliais, culminando na formacéo
cistica. (Moldauer et al, 2006) Além disso, induz a proliferacdo de fibroblastos
durante fase de reparo tecidual (Moldauer et al, 2006). Pode também
aumentar a proliferacdo de células endoteliais e a sua organizagdo na rede
capilar (Saghiri et al., 2015).

Citocinas, quimiocinas e metaloproteinases sdao também mediadores
importantes da angiogénese (Leonardi et a., 2003). Quimiocinas e seus
receptores tais como CCL2/MCP-1, CCL4, CXCR4 e CCR6 s&o um grupo
especializado de citocinas que coordenam o movimento dos leucdécitos para
dentro e através dos tecidos. Elas estdo envolvidas em uma série de processos
bioldgicos, incluindo a homeostase, angiogénese e ativacdo e regulagéo
imunoldgica (Bryant et al., 2015). A proteina quimiotatica de mondcitos,
CCL2/MCP-1, esta associada a quimiotaxia e diferenciagdo de osteoclastos,
enquanto medeia o recrutamento de mondcitos para sitios inflamatorios 6sseos
(Sette-Dias et al., 2016; Virtej et al., 2016). A expressdao de CCL2 pode
desencadear a migragdo de células endoteliais e a neoformagédo vascular
(Virtej et al., 2016).
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Citocinas como, IL-1 e TNF-a sao indutores conhecidos de respostas
angiogénicas, enquanto a IL-6 demostrou-se promotora da angiogénese
dependente de VEGF em sitios tumorais (Leonardi et al., 2003). O IFN-y € uma
importante citocina pré-inflamatoria liberada principalmente por células T em
resposta a estimulagdo antigénica (Sette-Dias et al., 2016). Esta envolvida na
ativacdo de macréfagos e células endoteliais e também na regulagdo da
resposta imune especifica, potencializando muitas das agcées do TNF-a sobre
as células endoteliais (Cardoso et al., 2010). O TNF-a sustenta o crescimento
de tumores e dos vasos sanguineos por meio da estimulagdo de fatores
angiogénicos, tais como o VEGF e a IL-8 (Virtej et al., 2016). Alem do seu
papel na osteoclastogénese, a IL-8 influencia na angiogenese ao intensificar a
resposta vascular na periodontite apical (Li, et al.,2003).

Estudos relatam uma estreita correlacdo entre angiogénese e lesdes
inflamatorias cronicas, tais como as lesdes periapicais (Santos, 2000). Na
presenca de um estimulo inflamatério, a expressdo de RANK-L aumenta nos
tecidos periodontais e periapicais, aumentando a permeabilidade endotelial e
estimulando a angiogénese (Moldauer et al., 2006; Cardoso et al., 2010; Li, et
al.,2003). As metaloproteinases da matriz s&o um grupo de enzimas
importantes na angiogénese (Saghiri et al., 2015).

Outro fator relacionado, a MMP-9 € uma enzima que atua na inflamacéao
aguda e cronica e em doengas neoplasicas. E principalmente secretada por
neutréfilos, embora macrofagos, células T, mastécitos e odontoblastos também
podem secretar esta enzima. A MMP-9 é essencial para se iniciar o processo
de reabsorg¢ao osteoclastica, removendo camada colagena da superficie éssea
antes do inicio da desmineralizag&o. Evidéncias sugerem que a MMP-9 poderia
desempenhar um papel importante no desenvolvimento e progressao da leséo
(Wan et al.,2014).

No entanto, ainda ndo ha informagbes claras sobre a regulagdo da
angiogénese na patogénese das lesbes periapicais antes e apos a instituicdo
da terapia endodética (Yamanaka et al., 2012, Saghiri et al., 2015, Bletsa, et
al., 2012; Virtej et al., 2013), apesar de muitos estudos terem procurado
compreender a dindmica dos mecanismos de angiogénese que se processam
neste sitio (Stashenko et al., 1998; Kawashima et al., 2007; Bletsa, et al., 2012;
Saghiri et al., 2015; Virtej et al., 2016).
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O estimuo a angiogénese esta relacionada com a produgao de fatores
pré-angiogénico e citocinas (Folkman, 1995; Virtej et al., 2013; Saghiri et al.,
20015). Neste estudo, procurou-se avaliar, por meio de reagdo em cadeia da
polimerase em tempo real (PCR-RT), fatores pr6-angiogénicos e citocinas, com
o intuito de subsidiar uma melhor compreensao do papel destes fatores na
resposta imune periapical que se processa na presenca da infeccao
endoddntica e apos a instituicdo da terapéutica clinica (redugdo da carga

microbiana intracanal).
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2. OBJETIVOS

2.1. Objetivo Geral

Quantificar fatores pro-angiogénicos e citocinas relacionadas, expressos

em tecidos perirradiculares, na presenca da infeccdo endodédntica e apds a

instituicdo da terapéutica endodéntica (redugdo da carga microbiana intracanal)

por meio de reagdao em cadeia da polimerase em tempo real (PCR-RT),

2.2. Objetivos Especificos

Quantificar a expresséo génica dos fatores pro-angiogénicos e citocinas
Angiopoetina-1 (AGT1), Fator de crescimento endotelial vascular-A
(VEGF-A), Fator de crescimento fibroblastico basico (FGF-3), Proteina
quimiotatica de mondcitos (CCL2/MCP-1), Proteina-inflamatéria de
macrofagos-1 (CCL4), C-X-C Receptor de quimiocina tipo 4 (CXCR4),
C-C Receptor de quimiocina 6 (CCR6), TNF-a, IFN-y, IL-17, IL-10, IL-6,
RANK-L e MMP-9.

Relacionar os niveis de expressdao de fatores pro-angiogénicos e
citocinas com a presenga de infecgdo nos SCR (imediatamente apos a
instrumentacédo dos SCR).

Relacionar os niveis de expressdao de fatores pro-angiogénicos e

citocinas sete dias apds a instituicdo da terapia endoddntica (apos
redugéo da carga microbiana).

20



3. METODOLOGIA EXPANDIDA

3.1 Etapa clinica

3.1.1 Selecao dos pacientes

Foram selecionados 20 pacientes (n=20) em uma amostra de
conveniéncia conforme Brito et al. (2012) , com indicacdo de tratamento
endoddntico primario, que apresentavam dentes com necrose pulpar e lesdes
periapicais radiograficamente detectaveis. O diagnostico de necrose pulpar foi
realizado por meio de exames clinicos e radiograficos. A coleta das amostras
foi realizada na Clinica de Endodontia da Faculdade de Odontologia da
Universidade Federal de Minas Gerais (FO-UFMG). A cada paciente foi
apresentado o Termo de Consentimento Livre e Esclarecido (TCLE) (Anexo A),
constando as informagdes sobre o objetivo da presente pesquisa. As coletas
foram realizadas naqueles individuos que concordaram em participar do estudo
e que possuiam um dente com indicagao de tratamento endoddntico que se
enquadrasse no grupo amostral proposto acima. Como critérios de excluséao,
elegeu-se a utilizacdo de medicagdo sistémica antimicrobiana e anti-
inflamatéria nos trés meses que antecederam a coleta ou, pacientes que
apresentassem quaisquer desordem sistémica. Apos o exame clinico, os dados
coletados foram anotados em uma ficha clinica padrao.

3.1.2 Coleta das amostras clinicas

O dente selecionado, apds os procedimentos clinicos iniciais, teve sua
coroa clinica completamente isolada usando um dique de borracha (isolamento
absoluto). A coroa clinica foi submetida aos procedimentos de desinfecgéo pelo
meétodo proposto por Moller (1966), que consiste em utilizar agua oxigenada 10
volumes por cinco minutos, tintura de iodo a 5% por cinco minutos e,
posteriormente, tiossulfato de sédio a 5% por mais cinco minutos. A limpeza e
formatagao do sistema de canais radiculares foi realizada por meio de limas de
NiTi ProTaper Universal (Dentsply Maillefer, Ballaigues, Switzerland), com o

calibre final do canal correspondendo a lima F2, associado a irrigagdo com
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hipoclorito de sodio (2,5%). As amostras foram coletadas imediatamente apos
a instrumentagdo. Para isso, como descrito por de Brito et al. (2012), trés cones
de papel absorvente #20, um de cada vez, no interior do conduto de maior
calibre, ultrapassando-se o forame radicular em dois milimetros (2 mm) e
mantido durante dois minutos, para que o mesmo entre em contato com os
tecidos perirradiculares. Posteriormente, os quatro milimetros (4 mm) da
porcado apical de cada cone foi seccionada, os cones foram inseridos em um
eppendorf e armazenados no freezer - 80°. Nenhuma medicagao intracanal foi
utilizada entre as sessdes e 0 acesso coronario do elemento dental foi selado
com cimento a base de 6xido de zinco e eugenol (IRM®, Dentsply, Ballaigues,
Switzerland). Apos 7 dias, o selamento foi removido e o fluido intersticial
periapical foi novamente coletado para se caracterizar os fatores pro-
angiogénicos e citocinas apos a redugédo da carga microbiana. Semelhante a
primeira coleta, trés cones de papel absorvente foram inseridos no conduto de
maior calibre, seccionados a 4mm, inseridos no eppendorf e armazenados no
freezer -80°. Em dentes com multiplos canais, a primeira e a segunda coleta
(sete dias ap6s a primeira) foram realizadas no mesmo canal radicular. Nesse
momento, os dentes que ndo apresentaram nenhum sinal ou sintoma clinico

foram obturados por meio da técnica de condensacgao lateral.

3.2 Etapa laboratorial

3.2.1 Identificagado da expressao de fatores pré-angiogénicos e citocinas

3.2.1.1 Extracao do RNA

As amostras armazenadas em eppendorf, congelados & -80°C, foram
processadas para a extracdo do RNA. A cada eppendorf foi adicionado 500uL
de Trizol (GIBCO BRL Laboratories, Grand Island, N.Y., EUA) e, utilizando um
triturador elétrico (IKA T10 basic — Merse — SP, Brasil, foi realizada a
homogeinizagcdo da amostras. As amostras foram incubadas por 10 minutos no
gelo, para permitir a completa dissociagdo de complexos nucleoprotéicos. Em
seguida adicionou-se 100 pl de Cloroformio de alta qualidade em cada

amostra. As amostras foram novamente incubadas por 3 minutos no gelo e
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centrifugadas a 12.000 xg por 15 minutos a 2° a 8°C. Apds a centrifugacéo a
mistura foi separada em uma fase inferior rosa (fenolcloroférmio), uma fase
intermediaria e uma fase aquosa transparente. A fase aquosa foi transferida
para microtubos contendo 250yl de Isopropanol (Merck, Sdo Paulo, Brasil) de
altissima qualidade, vortexadas e incubada no gelo. Apos 10 minutos, as
amostras foram centrifugadas por 12.000 xg por 10 minutos a 2°C a 8°C.
Nesse momento, foi observada a precipitacdo de um pellet transparente, ao
lado e no fundo do tubo, e o sobrenadante foi descartado. Posteriormente, foi
adicionando 500 ul de etanol 75% a cada amostra, os microtubos foram
levados ao vortex para soltar o pellet e novamente as amostras foram
centrifugadas a 7.500 xg por 5 minutos de 2° a 8°C. Os sobrenadantes foram
novamente descartados e os microtubos foram emborcados sobre um papel de
filtro, por 10 minutos para secar o pellet. Apés os 10 minutos, os pellets foram
ressuspendidos em 50 pl de agua de alta qualidade DEPC (Dietil
pirocarbonato, SIGMA® Chemical Co., Louis, MO, EUA), e armazenadas em
freezer a -70°C.

3.2.1.2 Quantificagao do mRNA

A solucdo contendo o mRNA foi lida em espectofotdbmetro (Nanodrop®/ND
1000 Wilmington-Delaware, EUA), com comprimento de onda de 260/2800D.
Utilizando-se a férmula [MRNA-mg/mL]= DO260 x diluicdo x 40, obteve-se a
quantificacdo do mRNA de cada amostra (2 ul de amostra no local adequado
do equipamento).

3.2.1.3 Preparo de cDNA por Transcri¢cao Reversa

Foi preparada uma solugdo com os seguintes reagentes:

1. DNTPs (misturaa 2,5 mM).......oooviiiiiiiiiiiieeeeeeee 1,25 uL
2. Reverse Transcriptase Buffer...........ccccccceeeiiinn. 2,50 L.
3. 0,1 M Dithiothreitol (DTT)......cceeeiiiiiiiiieeeeee 1,00 uL
4. Rnasin (inibidor de RNase)..........cccccuuvveiiieeeiniiennnnnnn. 0,25 pL
5. 0ligo dT151/10 - 7.5 pMoles........cccueeieeieiiiiiiieeeeee 1,00 pL
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As amostras de RNA foram acrescidas de 12 uL da solugdo acima
descrita, aquecidas a 70°C por 5 minutos e subsequentemente resfriadas em
gelo por 5 minutos. As amostras foram acrescidas de 3 pyL de Transcriptase
Reversa (12,5 U/reagédo — 25 U/reagao), e deixadas em temperatura ambiente,
por 5 minutos. As amostras foram incubadas a 37°C durante uma hora,
aquecidas a 90°C por 5 minutos e resfriadas em gelo por 5 minutos. A reagéo
final foi diluida, adicionando-se 87,5 yL de agua destilada, sendo a seguir
estocadas a — 20°C.

3.2.1.4 Deteccgao e quantificacao dos fatores angiogénicos e citocinas

A quantificagdo dos fatores pré-angiogénicos e citocinas AGT1, VEGF-A, FGF-
B, CCL2/MCP-1, CCL4, CXCR4, CCR6, TNF-a, IFN-y, IL-17, IL-10, IL-6,
RANK-L e MMP-9 foi realizada pelo Real-Time PCR (PCR-RT), amplificando-se
o mMRNA e quantificando-se o cDNA provenientes das amostras clinicas. O
GAPDH (Glyceraldehyde-3-phosphate dehydrogenase) foi utilizado como gene
normalizador. As sequéncias de primers humanos foram projetados utilizando
o software PRIMEREXPRESS (Applied Biosystems, Foster City, CA) com base
em sequéncias de nucledtidos disponiveis na base de dados GenBank.
A Tabela 1 mostra as sequéncias dos primers utilizados.

Tabela 1: Primers utilizados para detecgcdo da expressdao dos fatores pro-

angiogénicos e citocinas.

Gene Sequéncia (5’-3’) Mt* (°C) bp*
GAPDH FW 5-GCA CCA CCA ACT GCT TAG CA-3 65 96
RV 5-TGG CAG TGA TGG CAT GGA GGA-3
AGT1 FW 5'-ACA GTT TGG CAA TTG GAA GCA-3' 65 152
RV 5-CAC CCA GAT GAC TCC AAG ATC AG-3'
VEGF-A FW 5-ATC TGC ATG GTG ATG TTG GA-3' 71 214
RV 5-GGG CAG AAT CAT CAC GAA GT-3'
FGF-8 FW 5-GAG AAG AGC GAC CCT CAC A-3 62 71

RV 5-TAG CTT TCT GCC CAG GTC C-3
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CCL2/MCP-1

CCL4

CXCR4

CCR6

TNF-a

IFN-y

IL-17

IL-10

IL-6

RANK-L

MMP-9

FW 5'- AAG ACC ATT GTG GCC AAG GA -3

RV 5-CGG AGT TTG GGT TTG CTT GT-3’

FW 5'- TCT CCT CAT GCT AGT AGC TGC CTT-3'
RV 5'- GCT TCC TCG CAG TGT AAG AAA AG-3'
FW&-TGT TGG CTG AAAAGG TGG TC -3

RV 5'- AAA GAT GTC GGG AAT AGT C -3’

FW 5'- GGA CTG AGA GCC CTG GAAAG -3

RV 5- CTT GAATGG CAGACACTCACAGT -3
FW 5-TTC TGG CTC AAA AAG AGAATT G- 3
RV 5-TGG TGG TCT TGT TGC TTA AGG- 3’

FW 5’-GAA CTG TCG CCA GCA GCT AAA-3’

RV 5-TGC AGG CAG GAC AAC CAT TA-3’

FW 5’-CAA TGACCT GGA ATT ACC CAA- 3

RV 5-TGA AGG CAT GTG AAA TCG AGA- 3’

FW 5-GGT TGC CAAGCC TTG TCT GA-3’

RV 5-TCC CCC AGG GAG TTC ACAT-3’

FW 5'- GGA GAC TTG CCT GGT GAA- 3

RV 5-CTG GCT TGT TCC TCA CTA CTC-3

FW 5'- CAT CCC ATC GGG TTC CCATAA -3

RV 5-CCTTAGTTT TCC GTT GCT TAACGAC -3

FW 5’-CCT GGA GAC CTG AGA ACC AAT C-3'
RV 5-GAT TTC GAC TCT CCA CGC ATC T-3'

80

78

80

95

54

80

70

62

80

73

93

101

71

95

76

95

52

107

76

203

139

FW (forward primer), RV (reverse primer).

*Mt: melting temperature; bp: base pairs of amplicon size.

3.3 Analise dos dados

Todos os dados obtidos foram analisados utilizando-se o SPSS (SPSS

Inc., version 15.0, Chicago, IL, USA). Os dados foram submetidos ao teste de

Shapiro-Wilk para verificar sua normalidade. O teste de Wilcoxon foi utilizado

para determinar diferengas estatisticas (P <0,05)

apresentaram um padréo de distribuicdo normal.

pois os dados nao
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3.4 Aspectos éticos
Foram observados os aspectos éticos da Resolugdo 196/96, sendo a

pesquisa aprovada pelo Comité de Etica em Pesquisa da Universidade Federal
de Minas Gerais (CAAE: 54215515.4.0000.5149/ Parecer:1.566.680).
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Abstract

Background/Aims: This study aimed to evaluate the expression of pro-
angiogenic factors and related cytokines in two clinical conditions: immediately
after the chemical and mechanical preparation of the root canal system
(corresponding to the response to the infection) and seven days later
(restrained bacterial load). Material and Methods: It was selected twenty
patients with indications for primary endodontic treatment in their teeth and that
who presented with pulp necrosis were evaluated. Samples were collected from
periapical interstitial fluid adjacent to root canal system. Pro-angiogenic factors
and cytokines, including AGT1, VEGF-A, FGF-3, TNF-a, IFN-Y, IL-17, IL-10
and IL-6, were analysed by real-time polymerase chain reaction (RT-PCR).
Results: The expression of the mediators that ware evaluated showed a
significant increase in the levels of TNF-a, IFN-Y, IL-10 and AGT1 on day 7
compared to day 0 (P <0.05). For VEGF-A, FGF-B, IL-17 and IL-6, the mRNA
expression of these factors were similar at both time points (P> 0.05).
Conclusions: Following the cleaning and shaping of the root canal system,
there was a clear increase in the mRNA expression levels of TNF-qa, IFN-y, IL-
10 and AGT1, which are important mediators involved in angiogenesis.

Keywords: Endodontic treatment, angiogenesis, endodontic infection,

angiogenic factors, cytokines.
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Introduction

The progression and development of pulpal and periapical pathologies
are closely related to the presence of microorganisms and their by-products.
The periapical inflammatory response, which occurs in this region, recruits
immunocompetent cells to contain and prevent the spread of infection to other
sites (1-3). This culminated in the formation of a chronic lesion and the
concomitant reabsorption of adjacent periodontal support tissues (1-3).

Angiogenesis is identified as an essential factor in the pathogenesis of
chronic lesions and is related to the establishment and maintenance of the
lesion, since newly formed blood vessels supply the continuous demand of
nutrients and oxygen by the proliferating cells and contribute to the inflammation
(4). Otherwise, the bone healing process requires a coordinated coupling
between osteogenesis and angiogenesis involved in a multistep process that
includes migration, proliferation, and differentiation of several cell types such as
endothelial, fibroblasts, osteoblasts and osteoclasts (5). Angiogenesis promotes
efficient blood supply and is a prerequisite to support and sustain the bone
development and maintenance (6), during the healing periapical process.

Angiogenesis is related to the synthesis of a constant source of
cytokines, chemokines and proteases associated to the tissue repair that
follows root canal system (RCS) infection resolution (7-8). During the healing
process, angiogenic capillary sprouts permeate the fibrin/fibronectin-rich wound
clot and, within a few days, they are organized into a microvascular network
throughout the granulation tissue. As collagen accumulates in the granulation
tissue to produce a scar, the density of blood vessels diminishes (9). A dynamic
interaction occurs among endothelial cells, angiogenic cytokines, such as
Angiopoietin-1 (AGT1), Vascular endothelial growth fator-A (VEGF-A), Basic
fibroblastic growth factor (FGF-@), mast cell and the extracellular matrix (ECM)
environment. Specific endothelial cell receptors are critical for morphogenetic
changes in blood vessels during wound repair (9).

The stimulus that induces angiogenesis is related to the production of
pro-angiogenic and anti-angiogenic factors, including growth factors (4). AGT1
binds to endothelial cell receptors that support and define vessel architecture
(Saghiri et al.,, 2015). VEGF is the essential factor for vascular system
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differentiation and is a potent mitogen for endothelial cells besides promoting
their proliferation and migration. FGF-B can also increase endothelial cell
proliferation and its organisation into the capillary network (10). IFN-y is
involved in the activation of macrophages and endothelial cells and regulates
the specific immune response, potentiating many of the actions of TNF-a on
endothelial cells (11). Furthermore, TNF-a supports the growth of tumours and
blood vessels through the stimulation of angiogenic factors such as VEGF and
IL-8, an important angiogenic chemokine (8,12). IL-6 has also been shown to be
a promoter of VEGF-dependent angiogenesis in tumour sites and, together with
IL-17, promotes osteoclastogenesis (13-14).

Several studies have suggested that angiogenic factors are involved in
the repair of the dentin-pulp complex (4), but studies on the regulation promoted
by these factors in the healing of periapical lesions are still scarce (15). The aim
of this study was to evaluate the expression of pro-angiogenic factors and
related cytokines, including AGT1, VEGF-A, FGF-B, TNF-a, IFN-y, IL-17, IL-10
and IL-6, in two clinical conditions: immediately after the chemical and
mechanical preparation of the root canal system (corresponding to the response
to the infection) and seven days after (the beginning of the healing process).
The null hypothesis of this study is that after root canal system cleaning, the
pro-angiogenic mediators will be overexpressed, as well as the related
cytokines.

Materials and Methods

Human subjects

Twenty patients (n = 20) between the ages of 18 and 80 years with
indications for primary endodontic treatment were selected. Clinical samples
were taken from teeth with pulp necrosis and apical periodontitis, which were
diagnosed based on clinical, radiographic analyses and pulp sensibility tests.
Teeth did not present acute periapical symptoms at the time of the appointment.
The sample of periapical interstitial fluid adjacent to root canal infections was
performed at the Endodontics Clinic of Faculdade de Odontologia da

Universidade Federal de Minas Gerais (FO-UFMG). The exclusion criteria were
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as follow: the use of systemic antibacterial and anti-inflammatory medications
within the three months before collection or individuals who were diagnosed
with any previous systemic disorder. All participants signed the Free Agreement
Formulary. This study was conducted by the Research Ethics Committee of the
Universidade Federal de Minas Gerais (CAAE: 54215515.4.0000.5149/
Parecer:1.566.680).

Sample collection

The clinical samples were collected according to previously described
methodology (16). Briefly, after the isolation and disinfection of the clinical
crown of each tooth (17), the root canal system was cleaned and shaped using
ProTaper Universal NiTi files (Dentsply Maillefer, Ballaigues, Switzerland), with
the final file size corresponding to F2, in association with sodium hypochlorite a
2.5% as irrigation solution. The samples were collected immediately after root
canal cleaning to characterize the pro-angiogenic factors and cytokines
expression profile. After cleaning and drying, three paper points (# 20) were
introduced into the root canal RCS, passing passively througt the root apex two
millimetre (2 mm). The paper points remained there for two minutes. The paper
points were cut at final four millimetres (4 mm) from the tip, placed of the
absorbent cones were cut and inserted into an Eppendorf microcentrifuge tube,
and were immediately stored frozen at -80°C. Using this procedure, RNA was
extracted from the periapical interstitial fluid. No endodontic dressing was
inserted into the root canal between sessions. The coronary access cavities of
the teeth were to the dental element was restored using an eugenol-based
cement (IRM®, Dentsply, Ballaigues, Switzerland). Seven days later (day 7),
the teeth coronary cavities were opened, and the periapical interstitial fluid was
sampled again, to characterise the pro-angiogenic factors and cytokines in
teeth with restrained root canal bacterial loads (the beginning of the healing
process). Single and multiple root teeth were included in this study. Both
unirradicular and multiradicular teeth were selected. In teeth with multiple
canals, the first (day 0) and second (day 7) sample collections were performed
in the same canal. At this time, no teeth exhibited clinical signs or symptoms,
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and the root canals were filled using the lateral condensation compaction
technique.

Preparation of the samples

Total RNA was extracted from each sample with TRIzol reagent
(GIBCO/BRL Laboratories, Grand Island, NY) as previously described (18). The
RNA was then stored at -70°C.

Real-Time Polymerase Chain Reaction

Complementary DNA was synthesised using 1 ug of RNA by the reverse
transcription reaction as described (19). The human primer sequences were
designed using the PRIMER EXPRESS software (Applied Biosystems, Foster
City, CA) based on available nucleotide sequences in the GenBank database.
The primer sequences used for the quantification of the RT-PCR of pro-
angiogenic factors AGT1, VEGF-A, FGF-B, and the cytokines TNF-a, IFN-y, IL-
17, IL-10 and IL-6 are shown in Table 1. Polymerase chain reaction (PCR) was
performed according to the standard conditions: holding stage 95 °C (10
minutes), cycling stage with 40 cycles at 95 °C (15 seconds), followed by 60 °C
(1 minute) and a melt curve stage of 95 °C (15 seconds), 60 °C (1 minute) and
95 °C (15 seconds). Real-time PCR was performed using the Step One Real-
time PCR System (Applied Biosystems, Foster City, CA, USA) with the SYBR-
Green detection system (Applied Biosystems, Foster City, CA, USA). The
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was used to
normalise the mMRNA expression levels. All of the samples were run in duplicate
in a reaction volume of 10 pl with 1 pg of the cDNA. Sequence Detection
Software, version v 2.4.1 (Applied Biosystems) was used for data analysis after
amplification. The results were obtained as the threshold cycle (Ct), which
represents the number of times each fluorescence signal passes through a

2°A8CT method

fixed threshold. The expression levels were calculated by the
(20). The Ct values are the means of two independent measurements, and the
MRNA expression levels of the samples are the ratio of expression of the gene
of interest to GAPDH.
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Statistical analysis

SPSS for Windows (version 15.0; SPSS, Chicago, IL, USA) was used to

perform the data analysis. The data were subjected to with Shapiro-Wilk test to

verify their normality. The Wilcoxon test was used to determine the statistical

differences (P <0.05) because the data did not display a normal distribution

pattern.

Table 1. Primers Sequences

Gene Sequéncia (5°-3’) Mt* (°C) bp*

GAPDH FW 5-GCA CCA CCA ACT GCT TAG CA-3’ 65 96
RV 5-TGG CAG TGA TGG CAT GGA GGA-3

AGT1 FW 5'-ACA GTT TGG CAA TTG GAA GCA-3' 65 152
RV 5'-CAC CCA GAT GAC TCC AAG ATC AG-3'

VEGF-A FW 5'-ATC TGC ATG GTG ATG TTG GA-3' 71 214
RV 5-GGG CAG AAT CAT CAC GAA GT-3'

FGF-$ FW 5-GAG AAG AGC GAC CCT CAC A-3 62 71
RV 5-TAG CTT TCT GCC CAG GTC C-¥

TNF-a FW 5-TTC TGG CTC AAA AAG AGAATT G- 3’ 54 76
RV 5-TGG TGG TCT TGT TGC TTA AGG- 3’

IFN-y FW 5-GAA CTG TCG CCA GCA GCT AAA-3 80 95
RV 5-TGC AGG CAG GAC AAC CAT TA-3

IL-17 FW 5-CAA TGACCT GGA ATT ACC CAA- 3 70 52
RV 5-TGA AGG CAT GTG AAATCG AGA- %

IL-10 FW 5-GGT TGC CAA GCC TTG TCT GA-3’ 62 107
RV 5-TCC CCC AGG GAG TTCACAT-3

IL-6 FW 5’- GGA GAC TTG CCT GGT GAA- 3’ 80 76

RV 5-CTG GCT TGT TCC TCA CTA CTC-3

FW (forward primer), RV (reverse primer).

*Mt: melting temperature; bp: base pairs of amplicon size.
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Results

The mRNA expression of pro-angiogenic factors

Levels of mMRNA expression were of determined by real-time PCR and
were quantified by comparison with the internal control gene, GAPDH. The
results revealed significant increases in the expression of AGT1 mRNA in teeth
with restrained bacterial loads on day 7 (Day 7) when compared to the first
collection on day 0 (Day 0) (P <0.05). However, the mRNA expression levels of
VEGF-A and FGF-B, was similar at both time points (P> 0.05).

Cytokine mRNA expression

The analysis revealed a significant increase in the mRNA levels of TNF-
a, IFN-y and IL-10 on day 7 (Day 7) when compared to day 0 (Day 0) (P <0.05).
As for IL-17 and IL-6, their mRNA expression was similar at both observed
times (P> 0.05)(Fig. 2).
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Figure 1. Expression of AGT1,VEGF-A and FGF-§ in the periapical tissues of
patients with root canal infections. The expression levels were determined by
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real-time PCR and quantified compared to the internal control (GAPDH). The
bars represent significant sample values of 20 patients; the lines represent the
standard error of the mean.

* P <0.05 as determined by the Wilcoxon test.
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Figure 2. Expression of TNF-a, IFN-y, IL-17, IL-10, and IL-6 in the periapical
tissues of patients with root canal infections. The expression levels were
determined by real-time PCR and quantified compared to the internal control
(GAPDH). The bars represent significant sample values of 20 patients; the lines
represent the standard error of the mean.

* P <0.05 as determined by the Wilcoxon test.
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Discussion

Once installed in the root canal system, the microorganisms induce an
immune response adjacent to the root apex. Conversely, as soon as infected
root canal system is cleaned and shaped, the healing process initiates. Both
occurrences are closely linked to angiogenesis (4).

AGT1 mRNA expression increased significantly on day 7 when
compared to day 0. Angiopoietin binds to endothelial cell receptors, causing
them to produce migration, proliferation and differentiation factors for the peri-
endothelial cells that will envelop the endothelial tubes, sustain and define the
architecture, and allow the maturation of blood vessels (4), a phenomenon of
paramount importance in the healing processes and periapical bone
remodelling. In agreement with the results of this study, it was demonstrated an
increased expression of AGT1 in cells resembling fibroblasts, osteoblasts and
immature osteocytes during bone remodelling in human periapical lesions (21).

The expression of factors involved in angiogenesis, such as FGF-3, TNF-
a, TGF-a, TGF-B1 and VEGF, has already been shown in human periapical
lesions (10,13,22). In this study, no significant changes were observed in the
expression of mMRNA levels of VEGF and FGF-B when infected (day 0) and
cleaned (day 7) root canals were compared. These findings suggest that,
maybe, the sample time points were not sufficient to evidence the difference
that was expected after the bacterial load reduction promoted by the cleaning
and shaping procedures (23). VEGF is an essential factor for vascular system
differentiation and a potent mitogen for endothelial cells, and also promotes
their proliferation and migration (2,4,7). The expression of VEGF and their
receptors on osteoblasts and osteoclasts suggests a link between vascular
growth and bone remodelling (2). FGF-B is a multifunctional polypeptide that
promotes the growth and differentiation of a broad spectrum of cell types (7),
and its role as a potent mitogenic and chemotactic factor to endothelial cells
and fibroblasts. Additionally, may be critical in the pathogenesis of periapical
lesions (10). Previous studies demonstrated that FGF-B stimulates the
formation of granulation tissue, angiogenesis and fibroblast mitosis during
periapical lesion development (13). Conversely, it was evidenced that FGF-f3
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inhibits collagenolytic activity, in vivo (10), supporting its role in the wound
healing.

TNF-a has numerous biological activities (14), including the ability to
stimulate neoangiogenesis (8). As previously suggested, TNF-a leads to the
production of secondary mediators, as well as platelet activation factor (PAF),
VEGF and IL-8, which play an essential role in periapical inflammation and
tissue healing (8, 24). This study showed that after reducing the root canal
bacterial load (Day 7), there was an increase in the mRNA TNF-a expression.
This suggests that TNF-a overexpression may induce VEGF synthesis in the
subsequent time, stimulating the initiation and progression of angioproliferative
processes leading to periapical healing (8, 25, 26).

IFN-y gene expression was also observed to increase significantly after
the RCS cleaning and shaping procedures. This finding may be associated with
the fact that this cytokine is an essential activator of macrophages and is
involved in clearance that occurs in the periapical region (27). In human
perirapical lesions, an increase in the expression of IFN-y, in interaction with
TNF-a, was demonstrated after root canal cleaning and shaping (16), in
agreement with the findings of this study. Studies have shown in periapical
lesions, that IFN-y can interact with TNF-a and IL-1 to increase the level of
cellular INOS (28) and RANKL, which later modulate signalling between
osteoblasts and osteoclasts (29). Conversely, the osteoprotective role of IFN-y,
together with IL-10, intercellular adhesion molecule-1 (ICAM-1), and CCRS5, was
confirmed in mice with genetic ablations of the genes encoding for these factors
(30).

Tregs act on effector immune cell througt multiple mechanisms, including
the secretion of inhibitory cytokines, such as IL-10 and TGF-B, besides
interfering with the metabolic function in effector cells (31,32). There is
substantial evidence to support the perspective that angiogenesis and the
immune response are mutually dependent (33). In present work, a high level of
IL-10 expression was observed after root canal cleaning, which decreases the
inflammatory immune response, supporting the healing that may be started at
this time. This result is in agreement with those of previous studies that
demonstrated the increase of this cytokine in the periapical tissues after the
reduction of the intracanal microbial load (16,34). When analysed together,
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increased AGT1 expression, simultaneously with increased, expression of IL-
10, IFN- y and TNF-a (the former stimulates the expression of angiological
factors such as AGT1), demonstrates the importance of immune modulation in
periapical tissues after endodontic therapy procedures.

Clinically, high levels of IL-17 are associated with several
chronic inflammatory diseases including rheumatoid arthritis and multiple
sclerosis (35-36). IL-17 is involved in bone resorption and stimulates the
production of RANKL, which affects the activity and formation of osteoclasts, in
addition, be a cytokine that work to increase the production of chemokines in
several tissues, thereby leading to the recruitment of monocytes and neutrophils
to the site of inflammation (37). In the present study, the IL-17 gene expression
did not show a significant difference in the two-time points. In other words, the
expression of this pro-inflammatory cytokine did not increase after cleaning and
shaping procedures. This result reinforces that, after this clinical procedure,
anti-inflammatory response should begin in the periapical site, as demonstrated
elsewhere (16, 18, 37).

IL-6 is responsible for stimulating acute phase protein synthesis, as well
as the production of neutrophils in the bone marrow. It supports the growth of B
cells and is antagonist to regulatory T cells (38). It has also been shown to
promote VEGF-dependent angiogenesis in tumour settings (8). Similar to what
was observed to IL-17, IL-6 mRN gene expression was similar at both time
points analysed in this study. Results homologous to those observed in this
study have been demonstrated elsewhere (16, 18, 37). Angiogenesis is a
phenomenon that was related not only to the progression and development of
periapical pathologies (4), but also, to the bone healing that was expected to
occur after root canal cleaning and shaping (14). In this context, it was critical
for this research to understand if the expression of the pro-angiogenic
mediators and correlate cytokines were expressed in response to the former
condition or the pro-inflammatory periapical response. The gene expressions of
IL-17 and IL-6, which kept on constant after cleaning and shaping endodontic
procedures, reinforce that angiogenesis in this study correlates with healing
response, as expected.

The stimulus for angiogenesis is related to the production of pro-
angiogenic and anti-angiogenic factors, including growth factors. This study
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aims to reduce the lack of knowledge about the molecular mechanisms involved
in the angioproliferative processes that occur in periapical tissues after
instituting endodontic therapy. Following the cleaning and shaping procedures
of the RCS, there was an evident increase in the mRNA expression of AGT1,
TNF-a, IFN-y and IL-10 which are important mediators involved in

angiogenesis.
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Abstract

Background/Aims: Angiogenesis is identified as an essential factor in the
pathogenesis of chronic periapical lesions and a prerequisite to support and
sustain the bone development and maintenance, during the healing periapical
process. This study aimed to evaluate the expression of pro-angiogenic factors
and related cytokines in two clinical conditions: immediately after the chemical
and mechanical preparation of the root canal system (corresponding to the
response to the infection) and seven days later (restrained bacterial load).
Material and Methods: It was twenty patients with indications for primary
endodontic treatment in their teeth and who presented with pulp necrosis were
evaluated. The samples were collected from periapical interticial fluid adjacent
to root canal system. Pro-angiogenic factors and cytokines, including AGT1,
VEGF-A, CCL2/MCP-1, CCL4, CXCR4, CCR6, MMP-9 e RANK-L, were
analysed by real-time polymerase chain reaction (RT-PCR). Results: The
expression of the mediators that were evaluated showed a significant increase
in the levels of AGT, CCL2/MCP-1, CCL4, CCR6, MMP-9 and RANKL on day 7
compared to day 0 (P <0.05). For VEGF and CXCR4, the mRNA expressions of
these factors were similar at both time points (P> 0.05). Conclusions: This
study demonstrated that cleaning and shaping of the root canal system,
stimulate the gene expression of pro-angiogenic factor, chemokines and
cytokines, all involved in the agioproliferative phenomena that occur in the
periodontal tissues adjacent to the root canal system and that will lead to tissue
healing after endodontic therapy.

Keywords: Endodontic treatment, angiogenesis, endodontic infection,

angiogenic factors, cytokines.

44



Introduction

Angiogenesis is identified as an essential factor in the pathogenesis of
chronic periapical lesions and related to the establishment and maintenance of
the lesion (1). After the institution of endodontic therapy, that is, the cleaning
and shaping of the root canal system (RCS), angiogenesis is related to the
tissue repair that follows this procedure (2). This is because that the resolution
of the infection and consequent perirapical healing depends the newly formed
blood vessels supply nutrients and oxygen demanded by the cicatricial process,
with the synthesis of cytokines, chemokines and proteases (1,3,4,5).

In turn, cytokines, chemokines and metalloproteinases are also important
mediators of angiogenesis (6). Chemokines and their receptors such as
CCL2/MCP-1, CCL4, CXCR4 and CCRG6 are a specialized group of cytokines
that coordinate the movement of leukocytes into and through tissues. They are
involved in a number of biological processes, including homeostasis,
angiogenesis, and immune activation and regulation (7). The Matrix
Metalloproteinases (MMP's) are enzymes involved in angiogenesis (8). MMP-9
is essential for initiating the osteoclastic reabsorption process by removing the
collagen layer present on the bone surface before demineralization begins (9).

Studies report a close correlation between angiogenesis and chronic
inflammatory lesions, such as periapical lesions (5). In the presence of an
inflammatory stimulus, RANK-IL expression increases in the periodontal and
periapical tissues, increasing endothelial permeability in addition to stimulating
angioproliferative phenomena (10,11,12).

In this context, the aim of this study was to evaluate the expression of
pro-angiogenic factors, cytokines, chemokines and related metalloproteinases,
including Angiopoietin-1 (AGT1), Vascular endothelial growth factor-A (VEGF-
A), Monocyte Chemoattractant Protein-1 (CCL2/MCP-1), Macrophage
inflammatory protein-13 (CCL4), C-X-C chemokine receptor motif 4 (CXCR4),
C-C chemokine receptor motif 6 (CCR6), RANK-L and MMP-9 , using real-time
polymerase chain reaction (RT-PCR), under two clinical conditions: immediately
after the chemical mechanical preparation of root canal system (corresponding
to the response to the infection present) and, seven days after (restrained
bacterial load). The null hypothesis of this study is that after root canal system
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cleaning, the pro-angiogenic mediators will be overexpressed, as well as the

related cytokines, chemokines and metalloproteinases.

Materials and methods

Human subjects

Twenty patients (n = 20) between the ages of 18 and 80 years with
indications for primary endodontic treatment were selected. Clinical samples
were taken from teeth with pulp necrosis and apical periodontitis, which were
diagnosed based on clinical, radiographic analyses and pulp sensibility tests
detectable. Teeth did not present acute periapical symptoms at the time of the
appointment. The semple of periapical interstitial fluid adjacent to root canal
infections was performed at the Endodontics Clinic of Faculdade de
Odontologia da Universidade Federal de Minas Gerais (FO-UFMG). The
exclusion criteria were as follows: the use of systemic antibacterial and anti-
inflammatory medications within the three months before collection or
individuals who were diagnosed with any previous systemic disorder. All
participants signed the Free Agreement Formulary. This study was conducted
by the Research Ethics Committee of the Universidade Federal de Minas
Gerais (CAAE: 54215515.4.0000.5149/ Parecer:1.566.680).

Sample collection

The clinical samples were collected according to previously described
methodology (13). Briefly, after the isolation and disinfection of the clinical
crown of each tooth (14), the root canal system was cleaned and shaped using
ProTaper Universal NiTi files (Dentsply Maillefer, Ballaigues, Switzerland) with
the final file size corresponding to F2, in association with sodium hypochlorite a
2.5% as irrigation solution. After cleaning and drying, three paper points (# 20)
were introduced into the root canal, passing passively througt the root apex two
millimetres (2 mm). The paper points remained there for two minutes. The
paper points were cut at four millimetres (4 mm) from the tip, placed into
microcentrifuge tube, and immediately stored at -80°C. Using this procedure,
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RNA was extracted from the periapical interstitial fluid. No endodontic dressing
was inserted into the root canal between sessions. The coronal access cavities
of the teeth were restored using an eugenol-based cement (IRM®, Dentsply,
Ballaigues, Switzerland). Seven days later (day 7), the teeth were opened, and
the periapical interstitial fluid was sampled again, to characterize the pro-
angiogenic factors, chemokines and cytokines in teeth with restrained root canal
bacterial loads (the beginning of the healing process). In teeth with multiple
canals, the first (day 0) and second (day 7) samples were collected from the
same canal. At this time, no teeth exhibited clinical signs or symptoms, and the

root canals were filled using the lateral compaction technique.

Preparation of the samples

Total RNA was extracted from each sample with TRIzol reagent
(GIBCO/BRL Laboratories, Grand Island, NY) as previously described (15). The
RNA was then stored at -70°C.

Real-time Polymerase Chain Reaction

Complementary DNA was synthesized using 1 ug of RNA by the reverse
transcription reaction as described (16). The human primer sequences were
designed using the PRIMEREXPRESS software (Applied Biosystems, Foster
City, CA) based on available nucleotide sequences in the GenBank database.
The primer sequences used for the quantification of the RT-PCR of pro-
angiogenic factors and the cytokines AGT1, VEGF-A, CCL2/MCP-1, CCL4,
CXCR4, CCR6, MMP-9 e RANK-L are shown in Table 1. Polymerase chain
reaction (PCR) was performed according to the standard conditions: holding
stage 95 °C (10 minutes), cycling stage with 40 cycles at 95 °C (15 seconds),
followed by 60 °C (1 minute) and a melt curve stage of 95 °C (15 seconds), 60
°C (1 minute) and 95 °C (15 seconds). Real-time PCR was performed using the
Step One Real-time PCR System (Applied Biosystems, Foster City, CA, USA)
with the SYBR-Green detection system (Applied Biosystems, Foster City, CA,
USA). The glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was
used to normalize the mRNA expression levels. All of the samples were run in

47



duplicate in a reaction volume of 10 ul with 1 pg of the cDNA. Sequence
Detection Software, version v 2.4.1 (Applied Biosystems) was used for data
analysis after amplification. The results were obtained as the threshold cycle
(Ct), which represents the number of times each fluorescence signal passes
through a fixed threshold. The expression levels were calculated by the 2724
method (17). The Ct values are the means of two independent measurements,
and the mRNA expression levels of the samples are the ratio of expression of
the gene of interest to GAPDH.

Statistical analysis

SPSS for Windows (version 15.0, Chicago, IL, USA) was used to perform
the data analysis. The data were analysed with the Shapiro-Wilk test to verify
their normality. The Wilcoxon test was used to determine the statistical
differences (P <0.05) because the data did not display a normal distribution

pattern.

Table 1. Primers Sequences

Gene Sequéncia (5’-3’) Mt* (°C) bp*

GAPDH FW 5-GCA CCA CCA ACT GCT TAG CA-3 65 96
RV 5-TGG CAG TGA TGG CAT GGA GGA-3

AGT1 FW 5'-ACA GTT TGG CAA TTG GAA GCA-3' 65 152
RV 5-CAC CCA GAT GAC TCC AAG ATC AG-3'

VEGF-A FW 5-ATC TGC ATG GTG ATG TTG GA-3’ 71 214
RV 5-GGG CAG AAT CAT CAC GAA GT-3'

CCL2/MCP-1 FW 5- AAG ACC ATT GTG GCC AAG GA -3 80 93
RV 5- CGG AGT TTG GGT TTG CTT GT-3

CCL4 FW 5'- TCT CCT CAT GCT AGT AGC TGC CTT-3' 78 101
RV 5- GCT TCC TCG CAG TGT AAG AAA AG-3'

CXCR4 FW5-TGT TGG CTG AAAAGG TGG TC -3’ 80 71
RV 5’- AAA GAT GTC GGG AAT AGT C -3’

CCR6 FW 5- GGA CTG AGA GCC CTG GAAAG - % 55 95

RV 5- CTT GAATGG CAGACACTCACAGT -3
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RANK-L FW 5'- CAT CCC ATC GGG TTC CCATAA -3 73 203
RV 5-CCTTAGTTT TCC GTT GCT TAACGAC -3

MMP-9 FW 5’-CCT GGA GAC CTG AGA ACC AAT C-3' 63 139
RV 5-GAT TTC GAC TCT CCA CGC ATC T-3'

FW (forward primer), RV (reverse primer).
*Mt: melting temperature; bp: base pairs of amplicon size.

Results

The mRNA expression of pro-angiogenic factors and chemokines

Levels of mRNA expression ware of the determined by real-time PCR
and quantified by comparison with the internal control gene, GAPDH. The
results revealed significant increase in the expression of AGT1 mRNA in teeth
with restrained bacterial load on day 7 (Day 7) when compared to the first
collection on day 0 (Day 0). (P <0.05). However, the mRNA expressions levels
of VEGF-A was similar in both observed times points (P> 0.05) (Fig. 1). A
significant increase was also observed in the mRNA levels of MMP-9 and
RANK-L on day 7 (Day 7) when compared to day 0 (Day 0) (P <0.05) (Fig 1).

The analysis revealed a significant increase in the mRNA levels of
CCL2/MCP-1, CCL4 and CCR6 mRNA on day 7 (Day 7) when compared to day
0 (Day 0). The mRNA expression levels of CXCR4 was similar in both observed
times points (P <0.05) (Fig. 2).
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Figure 1. Expression of AGT1, VEGF-A, MMP-9 and RANK-L in periapical
tissues of patients with root canal infections. The expression levels were
determined by real-time PCR and quantified as compared to the internal control
(GAPDH). The bars represent significant sample values of 20 patients; the lines
represent the standard error of the mean.

* P <0.05 as determined by the Wilcoxon test.
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Figure 2. Expression of CCL2/MCP-1, CCL4, CXCR4, CCRG6 in periapical
tissues of patients with root canal infections. The expression levels were
determined by real-time PCR and quantified as compared to the internal control
(GAPDH). The bars represent significant sample values of 20 patients; the lines
represent the standard error of the mean.

* P <0.05 as determined by the Wilcoxon test.

Discussion

The presence of microorganisms and their by-products in the infected
root canals stimulate the immune response of the host, in order to avoid the
microbial spread through the periapical foramen. The cleaning and shaping
procedures strongly reduce the bacterial load of the root canal allowing the
periapical healing process to begin (3,18,19,20). Several cytokines and
chemokines are involved in the immunological responses that occur during the
development and repair of periapical lesions (3,21). In the present study,
detectable gene expressions of AGT1, VEGF-A, CCL2/MCP-1, CCL4, CXCR4,
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CCR6, MMP-9 and RANK-L were observed in the periapical interstitial fluid after
RCS cleaning and shaping procedures (Day 0), as well as 7 days after (Day 7).

It is known that, the inflammatory response can not occur without the
vascular components. Angiogenesis has been identified as an essential factor
in the pathogenesis of chronic periapical lesions, being related to the
establishment and maintenance of these lesions (1). Newly formed blood
vessels supply the continuous demand for nutrients and oxygen by proliferating
cells and contribute to inflammation by being a constant source of cytokines,
chemokines and proteases (1). After the removal of the microbial agents inside
the RCS, the vascular phenomena will be involved in periapical microbial
clearance and in the productive phenomena that will lead to healing. In this
study, after the reduction of the intracanal microbial load (Day 7), significantly
increased gene expression of AGT1 pro-angiogenic factor, was observed in
comparison with the zero time samples (Day 0). Such a result undoubtedly
demonstrates that RCS cleansing and shaping has a positive impact in inducing
increased expression of this mediator. Angiopoietins are groups of proteins that
participate in angiogenesis and lymphangiogenesis (22,23). In addition, other
factors, such as different neuropeptides, including calcitonin gene-related
peptide (CGRP), neuropeptide Y (NY), substance P (SP), and vasoactive
intestinal polypeptide (VIP) may induce expression of factors of angiogenic
growth, modulating vascular phenomena in periapical lesions (23).

VEGF is considered to be one of the main regulators of vascular
permeability and inducer of angiogenesis (24). In this study, VEGF mRNA
expression did not change after bacterial load was reduced in RCS. These
results seem to be based on the literature, when it is known that the expression
of this mediator increases vascular permeability and is partially involved in the
accumulation of inflammatory cells (6), and expression dependent on the
aggression suffered by the perirapical tissues. In addition, Nonaka et al. (25)
have demonstrated that VEGF expression is closely related to the intensity of
inflammatory infiltrate in periapical inflammatory lesions.

Vascular phenomena, more specifically angiogenic ones, inexorably
relate to the migration of cells to sites that deal with microbial infection or,
conversely, during phenomena that will culminate in post-infection healing.

Thus, angiogenesis and the expression of chemotactic factors are related
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phenomena. The chemotactic monocyte protein, CCL2/MCP-1, is associated
with chemotaxis and osteoclast differentiation, while mediating the recruitment
of monocytes to inflammatory bone sites (3,5). Increased expression of CCL-2
may trigger endothelial cell migration and vascular neoformation (5). Thus, the
relation between chemokine and angiogenic phenomena (5) is observed. In the
present study, the CCL2/MCP-1 gene expression increased significantly on day
7 (Day 7) when compared to day 0 (Day 0), as demonstrated elsewhere (3,5).
This result demonstrates that the cleaning and shaping procedures stimulated
the expression of this mediator, promoting the monocytic migration to the
perirapical site, which will facilitate the post disinfection clearance of RCS, in
parallel to the findings obtained with respect to AGT1. In addition, CCL2/MCP-1
is associated with chemotaxis and osteoclast differentiation, probably through
interaction with the CCR2 receptor (11).

CCL4 and CXCR4 are involved in many biological processes, including
organ development, homeostasis, angiogenesis, and immune activation and
regulation (7). In this study, expression of CCL4 mRNA increased significantly
on day 7 (Day 7) when compared to day 0 (Day 0) (p <0.05), while the CXCR4
receptor gene expression was similar at both time points (P <0.05). CCL4 is
chemotactic for monocytes (26). Taken together with CCL2/MCP1 and AGT1
expressions, such results demonstrate the participation of these mediators in
the processes that occur after the reduction of the intracanal microbial load. In
turn, CXCR4 is a natural ligand of ubiquitin (26), a protein that is highly
conserved among eukaryotic cells and that acts as an anti-inflammatory
immune modulator (27). Non-modification of the expression of this receptor
after the established clinical procedures may be related once again to the time
of sample collection, when the pro-inflammatory mediators still prevail during
periradicular microbial clearance that will be succeeded by tissue healing.
Probably, at a later time, its expression will increase, since the cicatricial
processes will already be prevailing.

CCRG6 belongs to a subclass of receptors that binds CCL20 chemokine,
regulating immune function by mediating memory T cell responsiveness and
directing immune cells to the sites of infection (28,29,30,31). The CCR6-CCL20
axis plays an important role in the progression and pathogenicity of various
diseases, in both mice and humans (29,30,31). In this study, the gene

53



expression of CCRG6 increased significantly on day 7 (Day 7) when compared to
day 0 (Day 0) (p <0.05). According to previous findings (27), the participation of
this receptor in tumor angiogenesis is demonstrated, since its overexpression
increases VEGEF levels.

The matrix metalloproteinases are a group of enzymes that act in the
degradation of the extracellular matrix of the vessel walls, allowing the migration
of endothelial cells (5). The collagen degradation activity promoted by these
enzymes allows the endothelial cells to invade the basement membrane of the
vascular structures (32). The results of this study demonstrate that there was a
significant increase in MMP-9 expression on day 7 (Day 7) when compared to
day 0 (Day 0). In agreement, MMP-9 expression has been shown to be more
significant in periapical lesions than in normal periodontal ligament
(9,33,34,35,36).

A significant increase in RANKL gene expression on day 7 (Day 7) was
observed when compared to day 0 (Day 0). It has been shown that RANKL
increases endothelial permeability in addition to stimulating angiogenesis, and it
reveals that these effects are dependent on endothelium-derived NO (7).
RANKL levels in the vascular area may lead directly to endothelial activation
and may make an important contribution to the occurrence of angiogenesis-
dependent inflammatory vascular diseases, as well as the healing process.

In conclusion, this study demonstrated that cleaning and shaping
procedures by reducing the microbiota present in RCS stimulated the gene
expression of pro-angiogenic factor (AGT), chemokines and cytokines (CCL2,
CCL4, CCR6 and RANKL), as well as metalloproteinases (MMP-9). All are
involved in the agiogenic phenomena that occur in the periodontal tissues
adjacent to the infected root canal system and that will lead to tissue healing

after endodontic therapy.
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5. CONSIDERAGOES FINAIS

A angiogénese € apontada como fator essencial na patogénese das
lesbes periapicais crénicas, estando relacionada ao estabelecimento e
manutencdo da lesdo, como também, apds a instituicdo da terapia
endodéntica, qual seja, a limpeza e formatagdo do sistema de canais
radiculares, relaciona-se ao reparo tecidual que se segue a este procedimento.
A angiogénese esta relacionada com a producdo de fatores pro-angiogénicos
e anti-angiogénicos, incluindo fatores de crescimento. No entanto, os
mecanismos moleculares envolvidos permanecem pouco compreendidos.

Apoés os procedimentos de limpeza e modelagem do SCR, houve um
evidente aumento na expresséo génica de fatores pro-angiogénicos e citocinas,
tais como, AGT1, CCL2/MCP-1, CCL4, CCR6, TNF-q, IFN- vy, IL-10, RANK-L e
MMP-9 todos envolvidos nos fenbmenos agiogénicos que se processam nos
tecidos periodontais adjacentes ao SCR infectado e que levardo a cicatrizagéao
tecidual apds a terapia endodontica. Para VEGF-A, FGF-3, CXCR4, IL-17 e IL-
6 as expressdes de mRNA foram semelhantes em ambos tempos mensurados.
A nado modificagao da expressao destes fatores apos os procedimentos clinicos
instituidos, pode se relacionar-se ao momento da coleta, quando os
mediadores pré-inflamatérios ainda prevalecem durante o clearance microbiano
perirradicular que sera sucedido pela cicatrizagao tecidual.

Os resultados permitem concluir que, apds a limpeza e instrumentacao
do SCR, houve aumento nos niveis de expressdo de mRNA de importantes
mediadores envolvidos nos fenoemenos angioproliferativos e osteogénicos que
se processam nos tecidos periodontais adjacentes ao SCR infectado e que
levardao a cicatrizagado tecidual apds a terapia endodontica. No entando,
estudos longitudinais que analisem a expressdo de mediadores envolvidos na
angiogénese, em periodos mais prolongados que os aqui analisados, devem
contribuir para uma melhor compreensao deste importante fenébmeno.

Os achados desse trabalho podem certamente contribuir para pesquisas
futuras levando-se em considerag&do que a angiogénese tem relagdo direta com

a revascularizacéo além de ser um possivel alvo terapéutico em Endodontia.
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7. ANEXOS

Anexo A - Termo de Consentimento Livre e Esclarecido

Vocé esta sendo convidado a participar do projeto de pesquisa de Doutorado
“AVALIACAO DA EXPRESSAO DE MARCADORES ANGIOGENICOS EM
LESOES ENDODONTICAS PERIAPICAIS”. Sera solicitado que leia este
material de modo a garantir que esta sendo informado da natureza deste
estudo e de como sera sua participagdo no mesmo, se concordar em fazé-lo. A
assinatura deste termo ira indicar que vocé foi informado e que concorda em
participar.

Um consentimento informado por escrito é solicitado pelas regulamentagoes,
antes da participagdo em qualquer pesquisa, de forma a assegurar que o
paciente entendeu a natureza e os riscos de sua participagdo e para que o
mesmo possa decidir em participar ou ndo, de forma livre e esclarecida.

OBJETIVO

Os canais radiculares (canais da raiz do dente), quando saudaveis, n&o
apresentam em seu interior a presenca de bactérias. Contudo, na maioria das
vezes, quando necessitam ser tratados, isto se deve a presencga de bactérias
que alcangaram o canal a partir de lesdes de carie, e atingem a regido do 0sso
causando as chamadas lesbes periapicais. Este estudo avaliara de que
maneira essas lesdes acontecem em pacientes atendidos na clinica de
Endodontia da Faculdade de Odontologia da Universidade Federal de Minas
Gerais (FO-UFMG). O tratamento correto que o(a) Sr.(a) tera nessa clinica sera
a limpeza (desinfeccdo) e, posteriormente, obturagcdo dos canais radiculares,
ou seja, o preenchimento deste canal vazio com uma substancia apropriada.
O(A) Sr.(a) comparecera a clinica no minimo duas vezes para esse tratamento.

CRITERIOS DE SELEGAO

Vocé esta sendo convidado a participar deste estudo por que possui um dente
que necessita de tratamento de canal, devido a presenga de uma infecgao.
Para que decida ou ndo participar desta pesquisa, vocé deve entender o
suficiente a respeito do protocolo, de modo a fazer um julgamento preciso.

Se houver alguma duvida que vocé ndo tenha entendido sobre este estudo,
apos a leitura deste consentimento informado, por favor, dirija suas perguntas a
Dentista Caroline Christine Santa Rosa. Este estudo tera sua parte clinica
realizada na Faculdade de Odontologia da Universidade Federal de Minas
Gerais (FOUFMG) e sua parte laboratorial no Laboratério de Imunologia da
Universidade Federal de Minas Gerais (UFMG). Este estudo foi submetido ao
Comité de Etica (COEP/UFMG).

Rubrica da pesquisadora
Rubrica do paciente Data / [
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PROCEDIMENTOS

Serao escolhidos 20 pacientes apresentando dentes com infeccao de canal.
Ap0s tirar radiografia e definir o diagnostico, os pacientes serdo submetidos a
coleta inserindo-se um cone de papel absorvente no interior dos canais
radiculares. Todos os pacientes receberao tratamento de canal, a ser realizado
na FOUFMG, situada na cidade de Belo Horizonte MG, obedecendo as normas
da instituicdo. ApoOs a coleta, as amostras serdo levadas ao Laboratério de
Microbiologia para serem processadas.

RISCOS

Os riscos na participacido da pesquisa sdo os mesmos referentes ao tratamento
de canal, principalmente o aparecimento de dor ou inflamagdo durante o
tratamento, que poderdo ser diminuidos com o atendimento adequado ou de
emergéncia. Caso necessite, a Dra. Caroline indicara o atendimento de
emergéncia (ligar para ela se isto acontecer).

BENEFICIOS

As informacdes obtidas com a sua participagdo podem resultar no melhor
conhecimento dos fenbmenos existentes nos pacientes portadores de infecgéo
endodontica (de canal).

PARTICIPAGAO E COMPENSACAO

O(A) Sr.(a) ndo tera qualquer tipo de despesa para participar da pesquisa e
nao recebera remuneracio por sua participacao.

DIREITO DE ABANDONAR O ESTUDO

A participacédo neste estudo é voluntaria. Vocé tem o direito de se recusar em
participar ou retirar-se do estudo a qualquer momento. Caso recuse, mesmo
assim o seu dente sera tratado normalmente.

CONFIDENCIALIDADE DOS DADOS

Esta garantida a confidencialidade das informag¢dées que vocé fornecer. As
informagdes serdo codificadas e mantidas em local reservado o tempo todo,
tendo somente acesso as informacdes os pesquisadores que participam da
pesquisa. Este termo de consentimento encontra-se impresso em duas vias
originais, sendo que uma sera arquivada pelo pesquisador responsavel, Prof.
Antdnio Paulino Ribeiro Sobrinho, na Faculdade de Odontologia da UFMG e a
outra sera fornecida ao Sr. (a). Os dados e materiais utilizados na pesquisa
ficardo arquivados com o pesquisador responsavel por um periodo de 5 (cinco)
anos e apos esse tempo serao destruidos.

Rubrica da pesquisadora
Rubrica do paciente Data / [
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AUTORIZACAO

Antes de fornecer meu consentimento pela assinatura deste termo, os métodos
foram explicados a mim e as minhas perguntas foram respondidas. Eu entendo
que posso perguntar a qualquer momento e que estou livre para retirar-me
deste estudo sem sofrer constrangimentos ou afetar meus cuidados
odontologicos. Uma via assinada deste termo de consentimento me sera
concedida. Declaro ter lido e entendido os termos da pesquisa a ser realizada
por:

- CAROLINE CHRISTINE SANTA ROSA - UNIVERSIDADE FEDERAL DE
MINAS GERAIS, FACULDADE DE ODONTOLOGIA: AV: ANTONIO CARLOS,
N° 6627. B: PAMPULHA — Belo Horizonte - MG.

E-mail: carolinesatarosa@yahoo.com.br. Telefone celular: (31) 99462-5812

- ANTONIO PAULINO RIBEIRO SOBRINHO - UNIVERSIDADE FEDERAL DE
MINAS GERAIS, FACULDADE DE ODONTOLOGIA: AV: ANTONIO CARLOS,
N° 6627. B: PAMPULHA - Belo Horizonte - MG.

E-mail: sobrinho.bhz@gmail.com

Assinatura do paciente

Data_ / [/
Assinatura da pesquisadora
(doutoranda) Data / [/
Assinatura do pesquisador
responsavel Data / [/

Qualquer duvida referente aos aspectos éticos quanto a sua participagdo na
pesquisa podera ser esclarecida no COEP-UFMG ou na CONEP, que sao os
orgaos que regulam os direitos dos participantes:

Contato COEP - COMITE DE ETICA EM PESQUISA (DEVE SER
CONSULTADO EM CASO DE DUVIDAS ETICAS): Av. Antdnio Carlos, 6627 -
Unidade Administrativa Il - 2° andar - Sala 2005 - Campus Pampulha - Belo
Horizonte, MG — Brasil. CEP: 31270-901. E-mail: coep@prpqg.ufmg.br Telefone:
(31) 3409-4592

Horario de atendimento: de 9:00 as 11:00 horas e de 14:00 as 16:00 horas.

Contato CONEP - COMISSAO NACIONAL DE ETICA EM PESQUISA SEPN
510 NORTE, Bloco A, 3° Andar Edificio Ex-INAN - Unidade Il - Ministério da
Saude CEP: 70750-521 - Brasilia-DF — Brasil.

Telefone: (61) 3315-5878.

Horario de atendimento: 8:00 as 18:00 horas.

67



Anexo B - Parecer do Comité de Etica

UNIVERSIDADE FEDERAL DE
COMITE DE ETICA EM PESQU

Projeto: CAAE - 5421551

MINAS GERAIS
ISA - COEP

5.4.0000.5149

Interessado(a): Prof. Anténio Paulino Ribeiro Sobrinho

Departamento de Clinica
Odontolégica

,|Patologia e Cirurgia

Faculdade de Odontologia- UFMG

DECISAO

O Comité de Etica em Fesquisa da U

MG — COEP aprovou, no

dia 11 de julho de 2016, o proj=to de pesquiga intitulado “Avaliagdo da

expressdo de marcadores angiogénicos pm lesdes endodénticas

periapicais”, bem como ¢ Termo de
Esclarecido.

Consentimento Livre e

O relatério final ou parcial devera ser ehcaminhado ao COEP um
ano apds o inicio do projeto através da Plataforma Brasil.

g/mq quja bckes Aporen
ma Campos Med

Prof.? Dr.2

eiros Lorentz

Coordenacdora do COEP{UFMG

Av. Pres. Antonio Carlos, 6627 — Unidade Adm nistrativa 11 - 2° andar

+ Sala 2005 — Cep:31270-901 — BH-MG

Felefax: (031) 3409-4592 - e-mail: coep@pfpq.ufmg.br
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PARECER DO COLEGIADO

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Avaliagdo da expressdo de marcadores gngiogénicos em lesdes endoddnticas

periapicais.
Pesquisador: Antdnio Paulino Ribeiro Sobrinhe

Area Tematica: Genética Humana:
(Havera armazenamenito de material bio
exterior e no Pais, quando de forma cony
em instituigdes comerciais;);

Versdo: 2

CAAE: 54215515.4.0000.5149

Instituicao Proponente: UNIVERSIDADE FEDI RAL DE MINAS G!
Patrocinador Principal: FUND COORD DE AFERFEICOAMENT(

DADOS DO PARECER

Nuamero do Parecer: 1.566.680

Apresentacao do Projeto:

O complexo dentino-pulpar, constituido pelo ¢:gao pulpar e pare:
algumas particularidades, quando comparado @ outros tecidos con
de se encontrar envolto por paredes rigidas, q e limitam o estabg

6gico ou dados genéticos humanos no
eniada com instituicdes estrangeiras ou

ERAIS
D DE PESSOAL DE NIVEL SUP

les dentinarias circundantes, apresenta
juntivos. Dentre estas, destaca-se o fato
lecimento do edema inflamatério. Outra

caracteristica relevante ¢ o fato do 6rgéo pulpar ndo apresentar ump circulagéo colateral, o que interfere nos

mecanismos de defesa que ai se processam. / transposi¢do das

parreiras de protegao pulpar, cemento e

esmalte, seja por fraturas, leses cariosas, exposigao pulpar, foranIs apicais entre outros, € o caminho pelo

qual os microrganismos chegam a polpa. Ao a'ingir o interior do
uma infecgdo nesses sitios e o consequente desenvolvimento dqg

periapical resulta da ativagdo de mecanismos 'munoinflamatdriog

istema de canais radiculares, instala-se
lesGes periapicais. A destruigdo 0ssea

em resposta a infecgdo do sistema de

canais radiculares. A angiogénese € apontada somo fator essencigl na patogénese das lesdes periapicais,

estando relacionada ao seu estabelecimenio e manutengéao
neoformados suprem a continua demanda c¢2 nutrientes e oxi
contribuem para a inflamag&o por serem uma fonte constante

Enderego: Av. Presidente Antonio Carlos,6627 2° Ad SI /005

Bairro: Unidade Administrativa Il CEP: 31.270-901
UF: MG Municipio: BELO HORIZONTE
Telefone: (31)3409-4592 E-mail: coeq

Uma vez que os vasos sanguineos
pénio pelas células em proliferagéao e
de citocinas,

@prpqg.ufmg.br
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~* Plabaforma
Rgran

quimiocinas e proteases, estdo também relacicnada ao reparo tec|dual que segue a sua resolugo.

Metodologia:

Seréo selecionados 20 pacientes na faixa etara de 18 a 70 anos fcom indicagdo de tratamento endoddntico

primario que apresentem dentes com necrose oulpar e lesdes perf

apicais radiograficamente detectaveis. As

amostras serdo coletadas em pacientes submeatidos ao tratamenfo endoddntico em atendimento na Clinica
de Endodontia da Faculdade de Odontologic da Universidade Federal de Minas Gerais (FO-UFMG).0Os

pacientes selecionados seréo submetidos ao Termo de Consentimento Livre e Esclarecido (TCLE) (Anexo

1), constando as informagoes sobre o objetive da presente pesquisa. As coletas serdo realizadas naqueles
individuos que concordarem em participar do estudo e que possuifem um elemento dental com indicagdo de

tratamento endododntico e que ndo estiverem utilizando med
procedimento ou apresentar qualquer desord=m sistémica. O dd
clinicos iniciais, tera sua coroa clinica completamente isolada (i

icagdo sistémica trés meses antes do
nte selecionado, apoés os procedimentos
olamento absoluto) usando um dique de

borracha, seguido de assepsia completa. A ccroa sera desinfetafia de acordo com o método proposto por

Moller (1966) (agua oxigenada 10 volumes por cinco minutos, 4
posteriormente, tiossulfato de sé6dio a 5% pcr mais cinco minu
radiculares sera realizada através de Limas de niquel-titanio H

ntura de iodo a 5% por cinco minutos e,
0s). A limpeza e formatagdo dos canais
roTaper (Dentsply Maillefer, Ballaigues,

Switzerland), juntamente com hipoclorito de s5dio a 5,2% como $olugéo irrigadora. Depois de finalizada a
instrumentagdo do SCR, como descrito por Erito et al. (2012), um cone absorvente sera inserido em seu

interior, ultrapassando o forame radicular em um milimetro, par.
tecidos perirradiculares. Este cone serd mantic em posigéo por 2

que o mesmo entre em contato com os
minutos e, apds esse tempo, sera cortado

quatro milimetros a partir da ponta e sera inse‘ido em um eppendprf contendo 150 L de Trizol (GIBCO BRL

Laboratories, Grand Island, N.Y., EUA). Realizr-se-do a homoger]

izagéo e centrifugagdo da amostra, sendo

o sobrenadante mantido em gelo. Ao utilizar €ste procedimento, p mRNA sera extraido a partir dos fluidos
intersticiais periapicais. Nenhum curativo endodontico sera inserido nos canais radiculares apos a

instrumentac@o dos mesmos. O acesse coron:rio do elemento dg

ntal sera restaurado com cimento a base

de eugenol. Sete dias apds esse procedimento os dentes serdo abertos, e o fluido intersticial periapical sera

novamente coletado para caracterizag@o dos marcadores angiogéficos apos a redugdo da carga microbiana
atraves da expressao do mRNA. Em dentes com multiplos cangjs, a primeira e a segunda coleta (7 dias

apds a primeira) serdo realizadas a partir do mesmo cana

. Nesse momento os dentes que néo

apresentarem nenhum sinal ou sintoma clirico ser@o obturados através da técnica de condensagéo

Enderego: Av. Presidente Anténio Carlos,6627 2° Ad S 2005
Bairro: Unidade Administrativa Il CEP: 31.270-901
UF: MG Municipio: BELO HORIZONTE

Telefone: (31)3409-4592 E-mail: coq
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lateral. Os sobrenadantes, mantidos em gelo arteriormente, seraqg transferidos para microtubos contendo

200 | de cloroférmio. Serdo entdo vortéxados 2 deixados em degcanso por 15 minutos em gelo. Apos

centrifugados a 13.000 g, por 15 minutos a 4° C, as amostras sg¢rao ressuspendidas em isopropanol e

levadas ao freezer, permanecendo ai por 30 minutos, ou serdo mantidas “overnight’, em geladeira. As

amostras serdo novamente centrifugadas e os deletes serdo ressp

spendidos em 1,0 ml de dlcool a 95%,

sendo em seguida vortéxadas. A quantificagéo c¢os marcadores angiogéncos VEGF, VEGRF-2, bFGF, MMP

-9, IL-8 e Angiopoetina 1, sera realizada pelo Real Time PCR, amplE
cDNA provenientes das amostras clinicas. As sejuéncias dos inicia

cando-se 0 mRNA e quantificando-se o

ores utilizados para andlise quantitativa

do PCR-RT dos marcadores s&o apresentado: na Tabela 1. As pequéncias de primers humanos serao
projetados utilizando o software PRIMEREXPFESS (Applied Biogystems, Foster City, CA) com base em
sequéncias de nucledtidos disponiveis na base de dados GenBapk conforme Bambirra.

Objetivo da Pesquisa:
Objetivo Primario:

avaliar, por meio de reagdo em cadeia da polimerase em tempo rea| (PCR-RT), os marcadores angiogénicos
VEGF, VEGRF-2, bFGF, MMP-9, IL-8 e Angiopoetina 1, em lesdeg endodénticas com o intuito de fornecer

subsidio para melhor compreenséo do comportamento biolégico Hessa patologia frente ao fenémeno da

angiogénese.
Objetivo Secundario:

- Verificar a presenga dos marcadores angiogén cos VEGF, VEGRH-2, bFGF, MMP-9, IL-8 e Angiopoetina 1,

por meio do PCR-RT, em lesdes endododnticas periapicais;

- Verificar se os marcadores angiogénicos selecionados estdo assgciados com o desenvolvimento da lesao

periapical;

- Verificar se os niveis de marcadores angiognicos estdo assodiados com o desenvolvimento da lesdo

periapical;
- Quantificar os niveis dos marcadores angicgénicos seleciongd
endoddnticas periapicais;

os, por meio do PCR-RT, em lesoes

- Quantificar a expressdo dos marcadores angingénicos nas lesdep perirradiculares apés a instrumentagéo

do SCR (em resposta a infecgdo endodéntica);

- Quantificar a express@o dos marcadores argiogénicos nas lesdes perirradiculares sete dias apos a

primeira coleta (apds a redugéo da carga microbiana);

- Correlacionar os niveis dos marcadores angiogénicos presenteg em lesdes endoddnticas periapicais na

presenga da infecgdo dos SCR (imediatament« apés a instrumenta

Enderego: Av. Presidente Antdnio Carlos,6627 2° Ad SI 2005

Bairro: Unidade Administrativa Il CEP: 31.270-901
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sete dias apos (apos redugdo da carga microbizna).
Avaliagdo dos Riscos e Beneficios:

Riscos:

Os riscos na pesquisa séo os mesmos inerentes ao tratamento efjdodéntico como aparecimento de dor ou
inflamagéo durante o tratamento endodéntico cue poderéo ser dinfinuidos com o atendimento adequado ou
de emergéncia.
Beneficios:

- Verificar a presenga dos marcadores angiogéricos VEGF, VEGRF-2, bFGF, MMP-9, IL-8 e Angiopoetina 1,
por meio do PCR-RT, em les6es endoddnticas neriapicais;
- Verificar se os marcadores angiogénicos seleionados estdo asspciados com o desenvolvimento da lesao
periapical;
- Verificar se os niveis de marcadores angiog2nicos estdo asso¢iados com o desenvolvimento da lesdo
periapical.

Comentérios e Consideragdes sobre a Pesquisa:
Pesquisa de Doutorado relevante para as areas de Endodontig e Imunologia. Previsdo de término em
30/06/2018.
Em Carta em resposta as recomendacgdes solici'adas o pesquisaddr esclarece:

"Foram realizadas as seguintes alteragdes conforme solicitagio enyiada:

1. Deixar como titulo apenas TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO.
Foi também retirado o logotipo da UFMG no TC'-E do projeto originfl.

O titulo da pesquisa foi inserido no texto conforme a recomer{dagéo ("Vocé esta sendo convidado a
participar do projeto de pesquisa de Doutorado "AVALIAGAO|DA EXPRESSAO DE MARCADORES
ANGIOGENICOS EMLESOES ENDODONTICAS PERIAPICAIB". Sera solicitado...)

Foi anexado novo TCLE e Projeto de pesquisa com as alteragées dtadas acima.

2. Em OBJETIVOS foi inserido entre parénteses o que s&o canais rpdiculares (canais da raiz do dente).

Foi substituido "lesGes cariosas" por "lesdes de cérie".

Foi substituido "essas lesées se procesdo" por '2ssas lesdes
acontecem".

3. Ainda em OBJETIVOS foi acrescido frase finz| explicativa sobre ¢ tratamento de canal conforme solicitado
€ a quantidade de vezes que o paciente devera comparecer para o ftratamento.

4. Invertida a crase "a Dentista Caroline".
5. Foram adequados os riscos no campo “RISC)S" na Plataforma Brasil.

Enderego: Av. Presidente Antdnio Carlos,6627 2° Ad SI 2005
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Nao foi acrescido o campo “RISCOS” no TCLE pois como explicg
serdo apenas coletadas em pacientes que esta a0 em atendiment
de Odontologia da Universidade Federal de Miras Gerais (FO-UFN
endoddntico sdo os alunos de graduagdo, sob orientagé@o dos pro|
clinica.

=

AL DE . /7~ Platalfor
Cgrat ™™

do no Projeto de pesquisa, as amostras
na Clinica de Endodontia da Faculdade
1G), portanto quem executa o tratamento
fessores responsaveis, presentes nessa

6. "A participagao neste estudo nao tera nenhur custo a sua pessT" foi substituido por "O(A) Sr(a) nao tera

qualquer tipo de despesa para participar da pes‘juisa e nao recebe
7. "Confidenciabilidade" foi substituido por "Con‘dencialidade”.

8. "Uma copia assinada deste termo de consentimento me sera
assinada deste termo de consentimento me sera concedida" .

& remuneracao por sua participagao.

concedida” foi substituido por “Uma via

9. Foram incluidos campos de assinatura e ¢nderecos dos pegquisadores (doutoranda e pesquisador

responsavel).

Nzo foi incluido telefone de contato pois os pzcientes sao instruf
graduag@o responsavel pela execugéo do tratemento endoddntic:
10. Foi retirado o enderego do COEP do meic do texto do TCLE
conforme solicitado.

11. Foi incluido campo de rubrica nas primeiras paginas do TCLE.
Na dltima pagina apenas os campos de assiraturas dos pesqui
palavra “investigador” por “pesquisador”.

12. Foi informado no projeto original e na metodologia da Platafor|
de pesquisa. Nao foi necessario adicdo do TAL'= pois essa faixa d

Consideragdes sobre os Termos de apresentagio obrigatéria:
Presentes: Projeto de Pesquisa Plataforma Brasil, projeto de pesq

Hos a entrar em contato com o aluno de
b em questao.
deixando-o ao final de forma completa

badores e do participante. Alteragdo da

ma Brasil a faixa etaria dos participantes

b idade ndo estara incluida na pesquisa."

lisa original, folha de rosto (devidamente

preenchida e assinada pelo coordenador da nesquisa e pelo dlretor de Faculdade de Odontologia da

UFMG), TCLE, parecer consubstanciado com anrovagdo da Cama
e Cirurgia Odontolégicas, carta de aprovagdo da Coordenadora
resposta ao COEP-UFMG.

Recomendagdes:
Recomenda-se a aprovag&o do projeto de pesqisa.

Enderego: Av. Presidente Antdnio Carlos,6627 2° Ad SI "005
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Conclusdes ou Pendéncias ¢ Lista de Inadequagdes:
Somos favoraveis & aprovagao do projeto "Avaliagdo da express|
endodonticas periapicais" do Pesquisador Responsavel Prof. Dr.

Consideragoes Finais a critério do CEP:
Aprovado conforme parecer.

Tendo em vista a legislagéo vigente (Resolugdo CNS 46
Pesquisadores: comunicar toda e qualquer alteragéo do projeto e

asil

Ho de marcadores angiogénicos em lesdes
Antdnio Paulino Ribeiro Sobrinho.

b/12), o COEP-UFMG recomenda aos
do termo de consentimento via emenda na

Plataforma Brasil, informar imediatamente qualquer evento adve

0 ocorrido durante o desenvolvimento da

pesquisa (via documental encaminhada em pepel), apresentar nalforma de notificagéo relatérios parciais do

andamento do mesmo a cada 06 (seis) meses e ao término d
sumario dos resultados do projeto (relatério ‘inal).

Este parecer foi elaborado baseado nos documentos abaixo r

pesquisa encaminhar a este Comité um

elacionados:

Tipo Documento Arquivo Postagem Autor Situagdo
TCLE/Termos de | TCLECAROLINEdocx.dox 11/06/2016 [Telma Campos Aceito
Assentimento / 10:13:36 | Medeiros Lorentz
Justificativa de
Auséncia
Informagoes Basicas PB_INFORMAGOES_B \SICAS_DO_P $2/05/2016 Aceito
do Projeto ROJETO 644383.pdf 15:30:39
Outros Cartaresposta.docx 2/05/2016 [Anténio Paulino Aceito
15:29:44 | Ribeiro Sobrinho

Brochura Pesquisa | Projetodoutorado.doc 22/05/2016 |Antdnio Paulino Aceito
14:26:45 | Ribeiro Sobrinho

Projeto Detalhado / Projetodepesquisafinal.c 5c 42/05/2016 [Anténio Paulino Aceito

Brochura 14:25:51 | Ribeiro Sobrinho

Investigador

TCLE/Termos de [TCLE.docx 42/05/2016 |Anténio Paulino Aceito

Assentimento / 14:22:45 | Ribeiro Sobrinho
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Infraestrutura
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Continuagdo do Parecer: 1.566.680

UNIVERSIDADE FEDERAL DE . * Plataforma
Rgradt

MINAS GERAIS

Cronograma

Cronograma.docx [13:59:51

Ribeiro Sobrinho ] Aceito l

Situacao do
Aprovado

Necessita Apreciagdo da CONEP:

Sim

Enderego: Av. Presidente Antdnio Carlos,6627 2° Ad SI 2005
Bairro: Unidade Administrativa Il

UF: MG Municipio: BELO HORIZONTE

Telefone: (31)3409-4592

___— BELO HORIZONTE, 11 de Julho ¢le 2016

ssinado por:
Telma Canpos Medeiros Lorentz
(Coordenador)

CEP: 31.270-901

E-mail: coep@prpq.ufmg.br
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