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RESUMO

As patologias pulpares e perirradiculares abrangem muitas areas do
conhecimento, tais como a epidemiologia, microbiologia e imunologia. Por sua
vez, os estudos que correlacionam a necessidade de intervengédo endodontica
com as alteragbes sistémicas sdo escassos na literatura. O Transplante de
Células Tronco Hematopoiéticas (TCTH) envolve a ablacdo das células
anormais ou malignas com altas doses de quimioterapia, com ou sem
radioterapia corpérea total, 0 que leva a um estado de imunossupressao.
Doencas hepéticas sdo muito comuns e as principais causas relacionadas séo:
infeccbes, uso abusivo de alcool e disturbios metabdlicos. Essas alteracdes
sistémicas tornam o individuo mais susceptivel as infeccbes, que podem,
inclusive, culminar com o seu 06bito. O objetivo do presente estudo € avaliar as
necessidades de tratamento endoddntico e caracterizar a resposta imune
periapical desses individuos. Neste estudo, 188 individuos na fase pré e pés
Transplante de Células Tronco Hematopoiéticas (TCTH) e 120 individuos na
fase pré transplante de figado (TF) foram selecionados. Os dados pessoais e
sistémicos destes pacientes foram correlacionados com a necessidade de
tratamento endodéntico. Aqueles individuos que apresentavam necessidade de
tratamento endodontico tiveram seus canais radiculares analisados quanto ao
perfil imunoldgico. Pacientes sem comprometimento sistémico foram também
avaliados para que se confrontassem os dados. Os espécimes clinicos foram
coletados em dois momentos distintos, imediatamente apds os procedimentos
de limpeza e formatacdo e 7 dias apos. Utilizando-se o Real Time PCR,
avaliou-se a expressao das citocinas e quimiocinas TNF-a, IL-18, IL- 10, IFN-y,
IL-6, CCL2, CCL4, CXCR4 e dos fatores angiogénicos VEGF e Angiopoetina.
No grupo de TCTH, pode-se observar que a maioria dos individuos na fase pré-
transplante de medula Ossea apresentaram valores de plaguetas e
hemoglobina abaixo dos valores de referéncia no primeiro atendimento. Por
sua vez, a maioria dos pacientes pré transplante de figado apresentaram os
valores de plaquetas e hemacias abaixo dos valores de referéncia no momento
do primeiro atendimento. A maioria dos pacientes faz uso de algum tipo de
medicamento, 75,5% e 92,5%, no grupo TCTH e TF, respectivamente. Os



antibiéticos sao utilizados por 32% e 51,8% dos pacientes pré e pés TCTH
enquanto os diuréticos representam o medicamento mais utilizado pelos
pacientes pré TF (90,8%). Foi constatada a necessidade de tratamento
endodobntico, nos pacientes pré e poés TCTH, de 24,3% e 24,7%
respectivamente. A necessidade de tratamento endoddntico observada nos
pacientes pré TF foi de 20,7%. Ao comparar o grupo de estudo de pacientes
pré TCTH com o grupo controle, os resultados em relacdo a expressao de
citocinas e quimiocinas foram: Um aumento significativo na expressao das
citocinas pré-inflamatérias TNF-a e IFN-y foi observado apds a instrumentagao
do SCR (dia 7), quando comparado ao dia 0, em ambos os grupos; um
aumento na expressao de IL-1B e de IL-10, apés a instrumentacdo do SCR,
também foi observada no grupo pré TCTH; houve um aumento na expressao
do receptor CXCR-4, no dia 7, no grupo controle; e a quimiocina MCP-1 né&o
foi detectada no grupo pré TCTH. Ao comparar o grupo de estudo de pacientes
pré TF com o grupo controle, os resultados em relacdo a expressdo de
citocinas, quimiocinas e fatores angiogénicos foram: Um aumento significativo
na expresséao das citocinas pré inflamatérias TNF-a e IFN-y foi observado apos
a instrumentacdo do SCR (dia 7), quando comparado ao dia O no grupo
controle; uma maior expressdo de TNF-a no dia 7 também foi observada no
grupo de TF; a expressao de IL-1B foi maior no grupo pré TF no dia 0; um
aumento significativo de AGT, apds a instrumentacdo do SCR, foi observado
no grupo controle. Pode-se concluir que: a) A porcentagem de individuos com
necessidade de tratamento endoddntico nos grupos de estudo € elevada; b) A
maioria dos pacientes faz uso de algum tipo de medicamento. Os antibiéticos
representam a medicac¢do mais utilizada no grupo TCTH enquanto os diuréticos
representam a medicag¢do mais utilizada no grupo TF; c) Individuos pré TCTH e
pré TF, em sua maioria apresentam baixa contagem de células o que pode
estar relacionado com o comprometimento imune desses pacientes; d) A
expressao génica das citocinas e quimiocinas demonstra nos pacientes pré
TCTH uma resposta pro-inflamatoria e anti-inflamatéria  eficaz, similar a
observada no grupo controle e e) A expressdo génica das citocinas,

guimiocinas e dos fatores angiogénicos sugere que O comprometimento



hepético ndo interfere na resposta imune periapical uma vez que uma resposta

similar foi observada no grupo controle.

Palavras Chave: Tratamento endodéntico, transplante de células tronco
hematopoiéticas, transplante de figado, microbiologia, imunologia e

epidemiologia.
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ABSTRACT

Pulpo-periapical pathologies cover many areas of knowledge, including
epidemiology, microbiology and immunology. Literature lacks of studies about
main disease that lead to hematopoietic stem cell transplant interference and
their treatment. Hematopoietic Stem Cell Transplant (HSCT) involves high dose
chemotherapy with or without full body radiotherapy ablation of abnormal or
malignant cells, leading patient to a immunosuppression state. Liver diseases
are a very common health matter, and the main underlying causes include
infections, alcohol abuse and lipid and carbohydrate metabolic disorders. Those
conditions make the subject more susceptible to infections, provoking
considerable morbidity or even death. In this work, 188 pre and post transplant
(TCTH) individuals and 120 pre liver transplant subjects were selected.
Patients’ personal and systemic data were correlated with endodontic treatment
need. Subjects that needed endodontic treatment had the root canals of those
teeth analyzed for their immunological profile. Healty individuals (that needed
endodontic therapy) were selected as controls for comparison. Samples were
collected at two times points, immediately after cleaning and shaping the root
canal system and 7 days later. Using Real Time PCR, we evaluated the
cytokines and chemokines expression of TNF-a, IL-1p, IL- 10, IFN-y, IL-6,
CCL2, CCL4, CXCR4, VEGF angiogenic factors and angiopoietin. In the TCTH
group, most individuals showed platelets and hemoglobin values bellow
reference values before transplant. Furthermore, most HSCT pre transplant
patients exhibited platelet and red blood cells counts below the reference values
at first appointment time. Most of the analyzed patients used some medication,
being 75.5% and 92.5%, at TCTH and TF groups, respectively. Antibiotics were
taken by 32% and 51.8% of pre and post TCTH pacients whilst diuretics
represent most taken medication by pre TF patients (90.8%). It was attested
endondontic treatment need, in pre e post TCTH patients, of 24.3% e 24.7%
respectively. Endondontic treatment need observed in pre TF patients was
20.7%. Comparing pre TCTH patients com with control, the results regarding
chetokines and chemokines expression were: significantly increased expression
levels of TNF-a and IFN-y on day 7; the mRNA levels of IL-1-3 and IL-10 in the



bone marrow group increased in the samples from day 7; chemokine receptor
CXCRA4 levels increased in samples obtained from the day 7 control group; the
chemokine CCL-2/MCP-1 was not detected in patients undergoing HSCT.
Comparing pre TF patients with control, regarding cytokines, chemokines and
angiogenic factors expression were: in control/ health group, a significantly
increased expression of proinflammatory cytokines IFN-y and TNF-a was
observed in teeth with restrained bacterial loads (day 7); larger expression of
TNF-a at day 7 were also observed in the TF group; significant increase in
MRNA levels of AGT in teeth with restrained bacterial load (day 7) compared to
the first collection in control individuals. It can be concluded that: a) The
percentage of individuals with endodontic treatment need is high at all astudied
groups; b) Most of the analysed patients used some medication being
antibiotics most used drug in TCTH group whilst diuretics represent the most
used medicine in TF group; c) Pre TCTH and pre TF individuals, mostly present
low blood cell count what can be related to these patients immune depression;
d) Genic chemokine and cytokine expression showed that pre TCTH patients
have a pro and anti-inflammatory efficient response, similar to control and e)
Genic chemokine, cytokine, and angiogenic expression suggest that liver
impairment did not compromise periapical immune response once a similar

response was observed in control.

Key words: Endodontic treatment, Hematopoietic Stem Cell Transplant, Liver
transplant, microbiology, immunology and epidemiology.
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INTRODUCAO

As alteracbes pulpares e perirradiculares sdo normalmente resultado do
envolvimento direto ou indireto de microrganismos da cavidade oral, que sdo
essenciais a progressao e a perpetuacao das diferentes formas de alteracdes
periapicais (1-3). Havendo uma infeccdo microbiana instalada no SCR, o
sistema de defesa do hospedeiro procura localizad-la nos arredores do apice
radicular (4). A resposta inflamatéria, que ai se processa, recruta células
imunocompetentes para conter e impedir a disseminagéo dessa infecgcéo para
outros sitios, culminando com a formacdo de uma lesdo crbnica e a
concomitante reabsorcdo dos tecidos de suporte periodontal adjacentes (5).
Nas ultimas décadas, houve fortes evidéncias de que muitos dos efeitos
patogénicos microbianos sobre os tecidos periapicais operam-se de forma
indireta, via estimulacdo de mediadores sollveis derivados do hospedeiro,
como as citocinas e quimiocinas (6). Dai o grande interesse em se conhecer
esses mediadores e seus efeitos sobre as células imunocompetentes (7).

Nas lesbes perirradiculares humanas, encontramos uma grande
variedade de células, dentre elas: os linfocitos TCD4+ e TCD8+, macrofagos,
células plasméticas, mastécitos, eosinofilos. As células T, entretanto, sdo as
mais numerosas nessas lesdes (8). Os linfécitos TCD4+ e CD8+, apds o
contato com antigenos ou de serem estimuladados por outras células
inflamatérias, podem produzir uma grande variedade de citocinas (9). As
células TCD4+ atualmente sdo subdivididas em vérios subgrupos que incluem
as células: Thl, Th2, Th1l7 e T regulatérias (Treg) (10).

A resposta Thl caracteriza-se pela producdo de IFN-y, IL-12, IL-2, e
TNF, envolvendo-se na progressdao das lesdes e destruicdo O&ssea
perirradicular (6, 8). A resposta celular do tipo 2 (Th2) produz IL-4, IL-5, IL-6, IL-
10 e IL-13 que estdo relacionadas aos processos de cura e reparo da area
afetada (11, 12). Esses dois subgrupos, Thl e Th2, apresentam regulacdo
cruzada, através de liberacdo de citocinas antagbnicas como a IL-10 e o fator
de crescimento tumoral (TGF-B). Ou seja, as células Th1 inibem a resposta Th2
pela producdo de IFN-y e IL-12, enquanto as células Th2 inibem a geracéo de

uma resposta Thl produzindo citocinas como a IL-4 e IL-10 (12).
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O subgrupo Th17 produz a IL-17, citocina pro-inflamatéria com atuacéo
em Vvarias células da resposta inata, e € considerada ponte entre a resposta
adaptativa e inata (13). Entretanto, as células Treg, produtoras de TGF-$3 e IL-
10 possuem um efeito inibitério sobre a reabsorcdo 6ssea durante a formacao
e diferenciacdo dos osteoclastos, além de atuarem na regulacdo da resposta
imune contra a infecgéo (8).

As quimiocinas possuem um papel de destaque no processo inflamatoério
uma vez que funcionam como agentes quimiotaticos e promovem uma
resposta imune inicial para diferentes tipos de patégenos, através do
recrutamento de células efetoras apropriadas para o sitio inflamatério, incluindo
o recrutamento de diferentes células Thl e Th2 (14). CCL2/MCP-1 tem sido
associado ao recrutamento de células inflamatérias e tem acdo sobre a
diferenciacdo de células T efetoras, uma vez que leva a diminuicdo da
producédo da IL-12 pelos macrofagos e a supressao da resposta Th1(15).

A resposta inflamatéria ndo pode ocorrer sem 0s componentes
vasculares. A angiogénese tem sido apontada como fator essencial na
patogénese das lesbes periapicais cronicas, estando relacionada ao
estabelecimento e manutencdo da lesdo (16). Os vasos sanglineos
neoformados suprem a continua demanda de nutrientes e oxigénio pelas
células em proliferacdo e contribuem para a inflamacao por serem uma fonte
constante de citocinas, quimiocinas e proteases e por estar relacionada ao
reparo tecidual (16). O fator de crescimento vascular endotelial (VEGF) é
considerado um regulador chave da permeabilidade vascular e um dos
principais indutores da angiogénese (17, 18). Ele é o fator essencial para a
diferenciacdo do sistema vascular e um potente mitdgeno para as células
endoteliais, promovendo a sua proliferacdo e migracao (16, 19). Alem disso, a
expressao de VEGFs e seus receptores em osteoblastos e osteoclastos sugere
a ligacdo entre o crescimento vascular e remodelagdo Ossea (19). Outro
notavel fator envolvido na angiogénese é a Angiopoetina que se liga aos
receptores das células endoteliais, fazendo com que elas produzam fatores de
migracdo, proliferacéo e diferenciacdo para as células periendoteliais que irdo
envolver os tubos de endotélio, sustentar e definir a arquitetura dos vasos, bem

como permitir a maturacéo do vaso (20).
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O Transplante de células tronco hematopoiéticas (TCTH) € amplamente
utilizado no tratamento de doencas hematoldgicas malignas, leucemia aguda e
cronica, anemia aplasica, sindromes mielodisplasicas, imunodeficiéncia
combinada severa, linfomas e alguns tumores solidos como o cancer de mama.
O TCTH envolve a eliminacdo das células malignas com uma alta dose de
quimioterapia, com ou sem a irradiacdo corpérea total, seguida pela infusdo de
células normais mieloproliferativas (21-24). Mais de 80% pacientes
transplantados desenvolvem pelo ao menos uma infec¢cdo no pos TCTH e 40%
das mortes sao devido a complicacdes de infec¢cdes que ocorrem isoladamente
ou apés a rejeicdo do enxerto (25). A prevencdo ou reducdo do risco de
complicacBes sistémicas em pacientes que recebem o transplante requer a
estabilizacdo ou eliminacao de infeccBes bucais antes do inicio do transplante
ou da terapia mielossupressora, pois a condicdo de imunossupressdo do
paciente favorece a agudizacdo de problemas bucais prévios, no transcorrer do
TCTH (26). Os fatores de risco associados a ocorréncia de infeccdes estédo
relacionados a doenca maligna, a presenca de infeccdes crénicas ou latentes,
ao tipo de transplante, a fonte das células estaminais, a utilizacdo de agentes
antimicrobianos, a perda da barreira mucosa, a imunossupressdo e a
mielossupressdo induzidas ap6s o TCTH e a doenca do enxerto contra o
hospedeiro (DECH) (27). Dois mecanismos desempenham um papel
importante no risco de infeccdo. Um depende de defesas ndo especificas, tais
como a integridade das barreiras de superficie e a presenca de agentes
antimicrobianos sistémicos ou salivares. A outra grande defesa contra
infeccbes € o sistema imune que, apos o transplante, apresenta praticamente
todos o0s componentes deficientes ou suprimidos pela terapia
imunossupressora para impedir a DECH. A atividade de granuldcitos,
monaocitos, macrofagos, células natural killer, e das células T tornam-se
deficientes apds o transplante (28). Os pacientes submetidos ao TCTH sé&o
normalmente pancitopénicos antes e imediatamente depois do transplante e
neutropénicos por cerca de 6 a 12 meses depois do enxerto. Durante esta fase
neutropénica, a infeccdo bucal pode causar graves consequéncias, podendo

comprometer o sucesso do transplante (29). As infec¢cdes no periodo poés-
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transplante tardio sédo atribuidas & imunodeficiéncia persistente, geralmente
causada pela DECH cronica ou por seu tratamento.

Doencas hepaticas sdo muito comuns e as principais causas
relacionadas séo: infeccdes, uso abusivo de alcool e distirbios metabdlicos. A
insuficiéncia hepatica ocorre quando, rapidamente ou gradualmente no
decorrer de anos, o figado perde a sua capacidade de funcionamento. Nesses
casos, o transplante hepatico € a unica solucdo (30). A maioria, entre 60% a
80%, dos pacientes submetidos ao transplante de figado desenvolve algum tipo
de infeccdo o que pode comprometer o sucesso do transplante. As infecgbes
ainda representam a maior causa de morte entre os pacientes submetidos ao
transplante de figado (31). Estudos demonstraram que pacientes com doencas
hepaticas cronicas, particularmente pacientes com cirrose hepética e hepatite
C, apresentam uma higiene oral deficiente e uma maior incidéncia de carie e
doenca periodontal (32-36). Além disso, esses pacientes sdo mais suscetiveis
a infeccdes bacterianas o que pode levar a bacteremia e eventualmente a
morte (37). Essa maior suscetibilidade a infeccBes pode estar relacionada ao
comprometimento sistémico desses pacientes (35).

A carie dentaria e a doenca periapical sdo as duas condi¢cdes bucais
mais comuns que podem acarretar sérias complicacbes sistémicas (38). As
lesGes sintomaticas periapicais de natureza endodontica constituem um
potencial sitio de infeccdo. Adicionalmente, infeccbes dentarias foram
associadas a varias condicdes e doencas sistémicas, tais como: diabetes,
doencas cardiovasculares e respiratorias e ao parto prematuro (39-41). Dentes
infectados representam uma fonte de agressdo microbiana persistente (42).
Para evitar tais ocorréncias e para reduzir a potencial morbidade causada por
infeccbes dentarias em pacientes imunocomprometidos, a maioria dos centros
de transplante recomenda um exame oral como parte do processo de avaliacao
com o0 objetivo de detectar e eliminar possiveis focos de infec¢cdo oral para
reduzir a bacteremia e a eventual morbidade (43).

Sabe-se que pacientes com doencas hepaticas cronicas e 0s pacientes
com doencas que levam ao transplante de medula, devido ao estado de
imunossupressao, possuem um alto risco de desenvolverem infecgcbes

oportunistas incluindo as lesdes orais. Compreender, pois, a necessidade de
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tratamento endodoéntico desses pacientes e, além disso, caracterizar a resposta
imune perirradicular nesses pacientes contribuir4 para a manutencéo da saude

dos mesmos.
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OBJETIVOS
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2.1 Objetivo geral

- Avaliar a necessidade de tratamento endoddntico em pacientes pré e pdés
TCTH e, também, dos pacientes pré transplante de figado, atendidos no
Programa de assisténcia odontologica a pacientes transplantados da UFMG,
correlacionando-a aos seus dados demograficos e sistémicos;

- Caracterizar a expressao génica de citocinas e quimiocinas nos tecidos
perirradiculares de pacientes pré TCTH e dos pacientes pré transplante de
figado, atendidos no Programa de assisténcia odontolégica a pacientes

transplantados da UFMG.

2.2 Objetivos especificos:

e I|dentificar o perfil epidemiolégico dos pacientes pré e pés TCTH
atendidos no Programa de assisténcia odontologica a pacientes
transplantados da UFMG;

e |dentificar e comparar a necessidade de tratamento endoddntico
dos individuos na fase pré e pés TCTH atendidos no Programa de
assisténcia odontoldgica a pacientes transplantados da UFMG;

e Comparar os valores de neutroéfilos, plaquetas e hemoglobina no
momento do atendimento apresentados pelos individuos pré e
pés TCTH atendidos no Programa de assisténcia odontoldgica a
pacientes transplantados da UFMG;

e Identificar o perfil epidemiolégico dos pacientes com doencas
hepaticas, na fase pré transplante de figado, atendidos no
Programa de Assisténcia  Odontolégica a  Pacientes
Transplantados da UFMG;

e Identificar a necessidade de tratamento endoddntico dos
individuos com doencas hepéticas, na fase pré transplante de
figado, atendidos no Programa de assisténcia odontolégica a
pacientes transplantados da UFMG;

e Apresentar os valores de neutrofilos, eosindéfilos, mondcitos,
basdfilos, plaquetas e hemoglobina no momento do primeiro

atendimento apresentados pelos individuos com doencas
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hepéticas, na fase pré transplante de figado, atendidos no
Programa de assisténcia odontoldgica a pacientes transplantados
da UFMG;

Caracterizar, por PCR em tempo real, a expressao das citocinas
IL-1B, IFN-y, TNF-q, IL-10 e das quimiocinas CCL-2/MCP-1, CCL-
4 e CXCL-4 nas lesdes perirradiculares dos individuos na fase pré
TCTH, logo apds a instrumentacdo do SCR;

Caracterizar, por PCR em tempo real, a expressao das citocinas
IL-1B, IFN-y, TNF-q, IL-10 e das quimiocinas CCL-2/MCP-1, CCL-
4 e CXCL-4 nas lesfes perirradiculares dos individuos na fase pré
TCTH, uma semana apdés a instrumentacao do SCR;

Caracterizar, por PCR em tempo real, a expresséao das citocinas
IL-1B, IFN-y, TNF-qa, IL-10, IL-6, das quimiocinas CCL-2/MCP-1 e
dos fatores angiogénicos VEGF e ANG nas lesbes
perirradiculares dos individuos na fase pré transplante de figado,
logo apéds a instrumentacédo do SCR,;

Caracterizar, por PCR em tempo real, a expressao das citocinas
IL-1B, IFN-y, TNF-q, IL-10, IL-6, das quimiocinas CCL-2/MCP-1 e
dos fatores angiogénicos VEGF e ANG nas lesbes
perirradiculares dos individuos na fase pré transplante de figado,
uma semana apoés a instrumentacao do SCR;

Caracterizar, por PCR em tempo real, a expresséao das citocinas
IL-1B, IFN-y, TNF-q, IL-10, IL-6, das quimiocinas CCL-2/MCP-1,
CCL-4 e CXCL-4 e dos fatores angiogénicos VEGF e ANG nas
lesGes perirradiculares de individuos sem comprometimento
sistémico, logo apods a instrumentacéo do SCR;

Caracterizar, por PCR em tempo real, a expressao das citocinas
IL-1B, IFN-y, TNF-qa, IL-10, IL-6, das quimiocinas CCL-2/MCP-1,
CCL-4 e CXCL-4 e dos fatores angiogénicos VEGF e ANG nas
lesbes perirradiculares de individuos sem comprometimento

sistémico, uma semana apos a instrumentacdo do SCR.
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METODOLOGIA EXPANDIDA
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3- Metodologia expandida

3.1- Fase I- Andlise Epidemiolégica
3.1.1 Pacientes

A populagdo estudada foi composta por pacientes atendidos no
Programa de Assisténcia Odontolégica a Pacientes Transplantados da UFMG
(PAOPT-UFMG) entre marco de 2011 a marco de 2016. Foram excluidos do
estudo os pacientes cujos prontuarios ndo puderam ser obtidos. Os pacientes
foram divididos em dois grupos:
A) pacientes com doencas que levam ao TCTH; e
B) pacientes com doencas que levam ao transplante de figado.
No grupo A, cento e oitenta e oito individuos foram incluidos na analise sendo
85 pacientes transplantados e os outros 103 pacientes com necessidade de
TCTH. No grupo B, cento e vinte individuos foram incluidos na analise, todos
na fase pré-transplante.
Os pacientes pré TCTH receberam o regime condicionante para o TCTH
baseado no protocolo especifico da Unidade de Transplante de Células-Tronco
Hematopoiética do HC-UFMG. Os pacientes p6s TCTH receberam o
tratamento odontolégico de manutencdo da saude bucal.
Os pacientes pré-transplante de figado receberam o regime condicionante

baseado no protocolo proposto pelo PAOPT-UFMG.

3.1.2 Dados pessoais e caracteristicas clinicas

As informacdes referentes aos dados pessoais e as caracteristicas
clinicas dos pacientes foram obtidas a partir dos prontuarios médicos. As
caracteristicas pessoais e as variaveis clinicas avaliadas foram: idade, sexo,
fase do transplante, doenca primaria, tipo de transplante, necessidade de
tratamento endodoéntico, numero de tratamentos endodoénticos realizados,
medicamentos em uso, dados do hemograma no momento do atendimento.
Informacdes omitidas ou incompletas foram reportadas nesse estudo como

“Dados perdidos/omitidos”.
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3.1.3 Analise estatistica dos dados

Foi realizada andlise descritiva, utilizando a média e o desvio-padrao
para as variaveis quantitativas. O teste estatistico Kolmogorov-Smirnov foi
utilizado para testar a normalidade e o teste Chi-square foi utilizado para

verificar se havia associacdo estatistica entre as variaveis.

3.2 Fase Il - Analise Imunoldégica
Os pacientes que apresentaram necessidade de tratamento endoddntico
receberam atendimento clinico e, nesse momento, coletas dos espécimes

foram realizadas para se analisar o perfil imunolégico dessas infeccoes.

3.2.1 Grupos amostrais
O estudo foi composto pelos seguintes grupos:
v Grupo Experimental 1 - pacientes portadores de dentes com
necrose pulpar com necessidade de TCTH.
v' Grupo Experimental 2 - pacientes portadores de dentes com
necrose pulpar com necessidade de transplante de figado.
v' Grupo Controle - pacientes portadores de dentes com

necrose pulpar sem nenhum comprometimento sistémico.

3.2.2 Selecdo dos pacientes

Foram selecionados pacientes que apresentaram dentes com necrose pulpar.
O diagnéstico de necrose pulpar foi realizado através de exames clinicos e
radiograficos. Para o grupo experimental 1, dez pacientes foram selecionados
e, para 0 grupo experimental 2, onze pacientes foram selecionados. O grupo
controle foi composto por 11 pacientes. A cada paciente foi apresentado um
termo de consentimento livre esclarecido (TCLE), constando as informacdes
sobre o objetivo da presente pesquisa. As coletas foram realizadas naqueles
individuos que concordaram em participar do estudo e que possuiam um
elemento dental com indicacéo de tratamento endodontico que se enquadrasse

NOS grupos amostrais propostos acima.
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3.2.3 Coleta dos espécimes clinicos para identificacdo das citocinas.

O dente selecionado, apés os procedimentos clinicos iniciais, teve sua coroa
clinica completamente isolada (isolamento absoluto). A coroa foi desinfectada
de acordo com o método proposto por Mdller (1966) (dgua oxigenada 10
volumes por 5 minutos, tintura de iodo a 5% por 5 minutos e, posteriormente,
tiossulfato de sodio a 5%). O tratamento foi realizado utilizando as limas
ProTaper Universal (Dentsply Maillefer, Ballaigues, Switzerland) e irrigacéao
com hipoclorito de sddio na concentracdo de 2.5%. As amostras foram
coletadas imediatamente ap0s a instrumentacdo. Para isso, trés cones de
papel absorvente foram inseridos, um de cada vez, no interior do conduto de
maior calibre, ultrapassando o forame radicular em um milimetro e mantido por
2 minutos, para que o0 mesmo entre em contato com os tecidos perirradiculares.
Posteriormente, 4mm da porcéo apical de cada cone foi seccionada, 0s cones
foram inseridos em um eppendorf e armazenados no freezer - 80°. Nenhuma
medicacdo intracanal foi utilizada e o selamento da cavidade de acesso foi
realizado com cotosol. Apés 7 dias, o selamento foi removido e, novamente,
trés cones de papel absorvente foram inseridos no conduto de maior calibre,
seccionados a 4mm, inseridos no eppendorf e armazenados no freezer -80°.
Posteriormente, os canais foram obturados utilizando a técnica da
compactacdao lateral. Nenhuma sintomatologia foi reportada pelos pacientes no

momento da obturacao.

3.2.4 Etapa laboratorial - Identificacdo da expressao de citocinas

3.2.4.1 Extracao do RNA

A cada eppendorf foi adicionado 500 pl de TRIZOL (GIBCO BRL Laboratories,
Grand Island, N.Y., EUA) e, utlizando um triturador, foi realizada a
homogeinizagcdo da amostra. As amostras foram incubadas por 10 minutos no
gelo, para permitir a completa dissociacdo de complexos nucleoprotéicos.
Posteriormente, 100 ul de Cloroférmio de alta qualidade foram adicionados em
cada amostra. As amostras foram novamente incubadas por 3 minutos no gelo
e centrifugadas a 12.000xg por 15min a 2° a 8°C. Apos a centrifugacdo a
mistura foi separada em uma fase inferior rosa (fenolcloroférmio), uma fase

intermediaria e uma fase aquosa transparente. A fase aquosa foi transferida
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para microtubos contendo 250ul de Isopropanol (MERK) de altissima
qualidade, vortexadas e incubada no gelo. Apds 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 no lado e no fundo do tubo
e 0 sobrenadante foi descartado. Posteriormente, foi adicionando 500 pl 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.
Apéds os 10 minutos, os pellets foram ressuspendidos em 50 ul de agua de alta

qualidade (DEPC) e armazenadas em freezer a -70°C.

3.2.4.2 Quantificagdo do mRNA
A quantificagdo do mRNA foi realizada no Nanodrop, adicionando 2 pl de

amostra no local adequado do equipamento.

3.2.4.3 Preparo de cDNA por Transcri¢cao Reversa
Foi preparada uma solugdo com os seguintes reagentes:

1. DNTPs (mistura a 2,5 mM)........ccooiiiiiiiiiiiiiieeeeeeeee 1,25 pL
2. Reverse Transcriptase Buffer..........ccccooovvvcceeeenn. 2,50 pL.
3. 0,1 M Dithiothreitol (DTT)....cceeeeeeeeeeeieeeeeeeeeen 1,00 pL
A, HoO oo 0,25 uL
5. 0ligo dT15 1/10 - 7.5 pMOIES.....ccooiiiiiiiiiiiiiiieeeeeeeeee 1,00 pL

As amostras de RNA foram acrescidas de 12 pL da solucdo acima descrita,
aquecidas a 70°C por 5 minutos e subsequentemente resfriadas em gelo, por 5
minutos. As amostras foram acrescidas de 3 uL de Transcriptase Reversa (12,5
U/reacao — 25 U/reacao), e deixadas, em temperatura ambiente, por 5 minutos.
As amostras foram incubadas a 37°C durante uma hora, aquecidas a 90°C por
5 minutos e resfriadas em gelo por 5 minutos, sendo a seguir estocadas a
-20°C.
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3.2.4.4 Deteccéao e quantificagc&o das citocinas

A quantificagéo das citocinas IL-1(, IL-10, IL-6, IFN-y, TNF-a, das quimiocinas
CCL2/MCP-1, CCL-4 e do CXCR-4 e dos fatores angiogénicos VEGF e ANG
foram realizada pelo Real Time PCR, amplificando-se o0 mRNA e quantificando-
se o cDNA provenientes das amostras clinicas. No grupo experimental 1 foram
quantificadas as citocinas IL-1B, IFN-y, TNF-a, IL-10 e as quimiocinas CCL-
2/IMCP-1, CCL-4 e CXCL-4. No grupo experimental 2, as citocinas
quantificadas foram IL-1B, IFN-y, TNF-a, IL-10, IL-6 e as quimiocinas CCL-
2/MCP-1 e os fatores angiogénicos VEGF e ANG. No grupo controle, todas as
citocinas, quimiocinas e fatores angiogénicos citados acima foram

quantificados.

Tabela 1: Sequéncia dos Primers

Gene Sense and antisense Mt (°C) bp

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

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

IL-1B 5-TGG CAG AAA GGG AAC AGA A- 3’ 73 59
5-ACA ACA GGA AAG TCC AGG CTA- 3’

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

IL-10 5-GGT TGC CAA GCC TTG TCT GA- 3’ 81 107
5-TCC CCC AGG GAG TTC ACAT- 3’

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

IL-6 5- GGA GAC TTG CCT GGT GAA- 3’ 80 76
5- CTG GCT TGT TCC TCA CTA CTC-3’

AGT 5'’ACAGTTTGGCAATTGGAAGCA3' 65 152
5' CACCCAGATGACTCCAAGATCAGS'

VEGF 5-ATC TGC ATG GTG ATG TTG GA-3' 71 214

coLa 5'-GGG CAG AAT CAT CAC GAA GT-3' 28 101
5'TCT CCT CAT GCT AGT AGC TGC CTT-3'

CXCR4 5'- GCT TCC TCG CAG TGT AAG AAA AG-3' 80 71

5-TGT TGG CTG AAA AGG TGG TC -3
5'- AAA GAT GTC GGG AAT AGT C-3'
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3.2.5 Analise dos dados

Todos os dados obtidos foram analisados utilizando-se o SPSS (SPSS Inc.,
version 15.0, Chicago, IL,USA). O dados foram submetidos ao teste de
Shapiro-Wilk para verificar a sua normalidade. O teste de Wilcoxon foi utilizado
para determinar diferencas estatisticas (p<0,05).

3.2.6 Aspectos éticos

Foram observados os aspectos éticos da Resolugédo 196/96, sendo a
pesquisa aprovada pelo Comité de Etica em Pesquisa da Universidade Federal
de Minas Gerais (CAAE: 54829414.7.0000.5149/ parecer:1.569.493).
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Abstract: The aim of this study is to investigate the relationship between the
epidemiological and clinical profiles of patients before and after hematopoietic
stem cell transplantation (HSCT) and the need for endodontic treatment.
Subjects included 188 individuals enrolled in the dental care program for
transplanted patients of the School of Dentistry, Federal University of Minas
Gerais (Faculdade de Odontologia da Universidade Federal de Minas Gerais,
FO-UFMG), attended from March 2011 through March 2016. The patients were
subjected to an HSCT conditioning dental regimen based on a thorough clinical
and radiographic evaluation. Intraoral periapical and bite-wing X-Ray were
asked and after evaluation, specific dental treatment was planned and
executed. Demographic and clinical data were collected from the patients’
medical records: age, gender, transplantation stage, primary disease, transplant
type, medication in use, complete blood count at the time of visit and, need for
endodontic treatment. The Kolmogorov-Smirnov and the chi-square tests were
used. Leukemia (31.3%) and multiple myeloma (17.9%) were the most
prevalent primary diseases. Most patients were subjected to allogeneic-related
transplantation (83.6%). Most patients exhibited platelet counts and hemoglobin
concentrations below the reference values in the pre-transplantation stage,
while the neutrophil and platelet counts and the hemoglobin levels were within
the reference ranges in the post-transplantation stage. The proportions of
individuals needing endodontic treatment were similar between the pre- and
post-transplantation groups: 24.3% and 24.7%, respectively. The systemic
conditions of the patients referred for dental treatment were compromised.

Keywords: Immunosuppression; Hematopoietic stem cell transplantation;

Endodontics.
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Introduction

Dental caries and periapical disease are the two most common
pathological conditions that affect the mouth; both might be associated with
severe systemic complications.’ Bacterial contamination of the dental pulp
might cause its destruction and the consequent development of periapical
lesions,? which represent a potential site for dissemination of infection. More
than 80% of patients subjected to hematopoietic stem cell transplantation
(HSCT) develop at least one episode of infection, and 40% of deaths are due to
complications from infection alone or following graft rejection. Approximately
55% of post-transplantation infections are caused by bacteria or viruses and
15% to 30% are caused by fungi.® The occurrence of infection depends on the
patient’s immune response and degree of immunosuppression.*

HSCT is widely performed for the treatment of malignant blood disorders,
including acute and chronic leukemia, aplastic anemia, myelodysplastic
syndromes, severe combined immunodeficiency, lymphoma and some solid
tumors, such as breast cancer. The prevalence of oral complications among
autologous and allogeneic HSCT recipients is high, the most common being
mucositis, xerostomia, palate disorders, graft versus host disease (GVHD) and
infection. Complications are associated with substantial increase in morbidity,
with significant impairment of patient’s quality of life even many years after
transplantation.” Complications derived from root canal infections might occur at
any stage of the transplantation process and can cause significant problems,
such as systemic infection or other disorders, which increase the cost and
mortality rate associated with transplantation.® While in autologous HSCT
transplantation most of these problems become minimized six months after the
procedure, patients subjected to allogeneic transplantation might develop
GVHD-related complications subsequently.’

Prevention of systemic complications demands achieving stabilization or
elimination of oral infection before the onset of transplantation or
myelosuppressive therapy.® Additionally, the possible late consequences of
total body irradiation and high-dose chemotherapy in immunosuppressed

patients are a cause of much concern.’
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Global care of patients subjected to HSCT also includes routine dental
assessments within a multi-professional context. The aim of the present study
was to investigate the relationship between the epidemiological and clinical
profiles of patients before and after HSCT and the need for endodontic

treatment.

Methods
Patients

The study population consisted of individuals enrolled in the dental care
program for transplanted patients of the School of Dentistry, Federal University
of Minas Gerais (Faculdade de Odontologia da Universidade Federal de Minas
Gerais, FO-UFMG). These patients were referred by the HSCT service, Clinical
Hospital, UFMG (Hospital de Clinicas, HC-UFMG), from March 2011 through
March 2016. Patients whose medical records could not be retrieved were
excluded from the study. The patients were subjected to an HSCT conditioning
dental regimen based on a specific protocol applied at the HSCT Unit, HC-
UFMG. The conditioning dental regimen consists in a thorough clinical and
radiographic evaluation of the patient. Intraoral periapical and bite-wing X-Ray,
associated with panoramic radiograph were asked. The criteria adopted to
determine the need for endodontic treatment were based on clinical and
radiographic analyses, along with pulp vitality tests. After further evaluation,
specific dental treatment was planned and executed taking in consideration time
available before transplant and patient systemic condition. The patients also
received dental care after transplantation to maintain their oral health.
Personal data and clinical characteristics

Demographic and clinical data were collected from the patients’ medical
records and included the following: age, gender, transplantation stage, primary
disease, transplant type, medication in use, complete blood count at the time of
visit, need for endodontic treatment and number of endodontic treatments
performed during conditioning dental regimen. Missing or incomplete data were

registered as “Missing/omitted data”.
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Statistical analysis

In the descriptive analysis, the quantitative variables are expressed as
means and standard deviations. The Kolmogorov-Smirnov test was used to
investigate whether the data had a normal distribution, and the chi-square test
was employed to establish whether there were statistically significant
associations between variables. Statistical significance was defined as a p-
value of 0.05 or less.
Ethics issues

The present study complied with the ethics requirements described in
Health Ministry Resolution no. 196/96 and was approved by the research ethics
committee of UFMG (CAAE: 54829414.7.0000.5149/ruling:1.569.493; CAAAE:
Certificado de Apresentacéo para Apreciacdo Etica/Certificate of Presentation

for Ethical Appraisal).

Results
Patients’ characteristics

A total of 188 individuals enrolled in the Program of Dental Care for
Transplanted Patients, FO-UFMG, from March 2011 through March 2016, were
included in the study; 60.6% were male, and 39.4% were female. The
participants’ ages varied from 06 to 69 years old. A total of 103 patients were in
the pre-transplantation stage, and 85 were in the post-transplantation stage.
Most were allogeneic-related transplants (83.6%), while allogeneic-unrelated
transplants corresponded to 9.6% and autologous transplants to 6.8% (TABLE
1). There was no statistically significant association between gender and donor
type (p = 0.57). The median time from diagnosis to transplantation was 12
months.
Need for endodontic treatment

The frequencies of endodontic treatment were 24.3% and 24.7% before
and after HSCT, respectively, corresponding to 23.2% of the targeted sample.
There was no statistically significant difference between the groups (p > 0.05).

Most patients needed endodontic treatment for more than one tooth.
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Tablel: Description of the patients’ characteristics

Frequency %

Patients Before HSCT 103 54.8
After HSCT 85 45.2
Total 188 100

Gender Male 114 60.6
Female 74 39.4
Total 188 100

Transplant type  Allogeneic related 61 83.6
Allogeneic unrelated 7 9.6
Autologous 5 6.8
Total 73 100
Missing 12

Systemic disease that led to HSCT

Leukemia corresponded to 31.3% of the cases and was the predominant
condition among individuals enrolled in the Program of Dental Care for
Transplanted Patients, FO-UFMG, both before and after HSCT. Acute myeloid
leukemia (AML) was exhibited by 15.7% of the sample, chronic myeloid
leukemia (CML) by 12.4%, acute lymphocytic leukemia (ALL) by 2.7% and
chronic lymphocytic leukemia (CLL) by 0.5%. Approximately 15.1% of the
patients had bone marrow aplasia, and 17.9% had multiple myeloma (TABLE
2).

Leukemia was also the main primary disease among transplanted
individuals enrolled in the Program of Dental Care for Transplanted Patients,
FO-UFMG, 44.1%, with 22.6% cases of AML, 16.7% cases of CML, and 4.8%
cases of ALL. Approximately 22.6% of the patients had bone marrow aplasia
and 8.3% had myelodysplastic syndromes as the primary disorder.

Hematologic analysis before and after HSCT
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In most patients (56.5%), the neutrophil count was within the reference
range before HSCT. However, the platelet count and hemoglobin concentration
were below the reference values in 54.3% and 63% of the sample, respectively.
There were no statistically significant relationships between gender (p > 0.05)
and neutrophil and platelet counts and hemoglobin concentration.

In most individuals in the Program of Dental Care for Transplanted
Patients (FO-UFMG), after HSCT, the neutrophil and platelet counts and
hemoglobin concentration were within the reference ranges, i.e., 64.4%, 70.4%
and 76.1% of the sample, respectively. There were no statistically significant
relationships between gender and neutrophil and platelet counts and

hemoglobin concentration (p > 0.05) (Figure 1).

Table2: Percentages of primary diseases exhibited by individuals enrolled in the Program of
Dental Care for Transplanted Patients, FO-UFMG

Primary disease Patient
Global Before HSCT After HSCT
Leukemia 31.3% 20.8% 44.1%
CML 12.4% 8.9% 16.7%
AML 15.7% 9.9% 22.6%
ALL 2.7% 1.0% 4.8%
CLL 0.5% 1.0% 0.0%
Multiple myeloma 17.9% 27.7% 6.0%
Myelodysplastic syndrome 4.9% 2.0% 8.3%
Bone marrow aplasia 15.1% 8.9% 22.6%
Non-Hodgkin’s lymphoma 4.3% 5.0% 3.6%
Hodgkin’s lymphoma 4.3% 5.9% 2.4%
Other 22.2% 29.7% 13.1%
Total 100% 100% 100%

47



Figure 1: Complete blood results of individuals enrolled in the Program of Dental Care for

Transplanted Patients, FO-UFMG
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Prescribed medications and percentages of patients using medication before

and after HSCT

Most of the analyzed patients (75.5%) used some medication.

After HSCT, 52.9% of the patients used immunosuppressive agents, and

51.8% of them used antibiotics, with cyclosporine and Bactrim® used as the

first choices, respectively.
A total of 23.3% of the patients in the pre-transplantation stage used

anticancer drugs, and 13.6% used bisphosphonate. Antihypertensive drugs

were continuously used by 20.4% and 25.9% of the patients before and after

HSCT, respectively. Steroids were used by 22.3% and 18.8% of the pre- and

post-transplantation patients, respectively (TABLE 3).
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Table 3: Percentages of medications used by individuals enrolled in the Program of Dental

Care for Transplanted Patients, FO-UFMG

Medication Patients
Global Before HSCT After HSCT
In use 75.5% 75.7% 75.3%
Immunosuppressant 23.9% 0.0% 52.9%
Tacrolimus 5.3% 0.0% 11.8%
Cyclosporine 18.6% 0.0% 41.2%
Steroids 20.7% 22.3% 18.8%
Opioid analgesics 4.8% 6.8% 2.4%
Antibiotics 41.0% 32% 51.8%
Bactrim® 36.8% 27.2% 48.2%
Penicillin 4.8% 3.9% 5.9%
Clindamycin 0.5% 0.0% 1.2%
Cephalosporin 0.5% 1.0% 0.0%
Tetracycline 0.5% 1.0% 0.0%
Norfloxacin 2.0% 1.0% 3.5%
Antifungal 1.0% 1.9% 0.0%
Acyclovir 1.0% 1.9% 0.0%
Antihypertensives 22.9% 20.4% 25.9%
Nifedipine/Amlodipine 8.5% 1.9% 16.5%
Atenolol/Propranolol/Metoprolol 5.3% 5.8% 4.7%
Losartan 6.4% 7.8% 4.7%
Captopril/Enalapril 6.4% 5.8% 7.1%
Antineoplastic 13.8% 23.3% 2.4%
Cyclophosphamide 7.0% 11.7% 1.2%
Hydroxyurea 2.0% 2.9% 1.2%
Dasatinib/Sprycel® 2.0% 3.9% 0.0%
Imatinib 1.5% 2.9% 0.0%
Other 1.5% 3.9% 0.0%
Bisphosphonate 9.6% 13.6% 4.7%
Diuretics 4.83% 6.8% 2.4%
Hydrochlorothiazide 2.0% 3.9% 0.0%
Furosemide 1.5% 2.9% 0.0%
Spironolactone 1.5% 1.0% 2.4%
Antacid 35.7% 22.3% 51.8%
Hormone supplements 5.3% 1.0% 10.6%
Vitamin complex 3.7% 4.9% 2.4%
Anticoagulant 9.6% 16.5% 1.2%
Antidepressant 7.0% 7.8% 5.9%
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Discussion

Apical periodontitis is an inflammatory disease that affects the tissues
surrounding the apical portion of the dental root and is primarily caused by
microorganisms infecting the root canal. It represents a potential site for
dissemination of infection.? Root canal infections among autologous and
allogeneic HSCT recipients can be associated with substantial increase in
morbidity, with significant impairment of patient’s quality of life.> This study
assayed the need for endodontic treatment in patients before and after HSCT,
analyzing their systemic data and correlating them with the risk that HSCT
recipients are submitted in case of persisting endodontic infections.

Autologous HSCT is used for the treatment of malignant conditions, such
as multiple myeloma and Hodgkin’s and non-Hodgkin’s lymphoma. Allogeneic
transplantation is often the first-choice treatment for several malignant blood
diseases, such as AML, CML, ALL, CLL and severe aplastic anemia. In the
present study, almost all of the participants with the above mentioned conditions
were subjected to allogeneic HSCT (83.6%). In addition, a retrospective cohort
study conducted in Brazil found that most (72%) among 731 patients subjected
to HSCT for the treatment of AML received allogeneic transplants.® However,
these findings disagree with other reports in the literature. One study performed
in Spain found that among 228 patients subjected to HSCT, 55.7% received
autologous transplants and 44.3% received allogeneic transplants.® Another
study analyzed data from 1516 transplant centers of 75 countries and
demonstrated the largest proportion of patients received autologous transplants
(58%).° The mortality rate is lower for autologous compared to allogeneic
transplantation, with the 5-year mortality associated with allogeneic
transplantation varying from 24% to 34%."*2

Interestingly, most of the patients analyzed in the present study were
male. This finding disagrees with findings corresponding to individuals infected
with human immunodeficiency virus (HIV) and subjected to highly active
antiretroviral therapy (HAART) and patients with aplastic anemia, most of whom
are female (57.2% and 56.5%, respectively).”*** The median time from
diagnosis to transplantation was rather long, approximately 12 months. In one

retrospective study conducted in Porto Alegre, Rio Grande do Sul (RS), Brazil,
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in 2013," the time to transplantation was less than 12 months for the majority
(62.9%) of patients (n = 278) subjected to allogeneic HSCT.

Leukemia was the main reason for the analyzed population to be
included in the study groups, i.e., before or after HSCT. In other studies,
leukemia was also the main primary malignant disease that led to
transplantation.®'%*>® The fact that only 6% of the 84 patients subjected to
transplantation had multiple myeloma is noteworthy. The reason for such a low
prevalence of this condition is that the odds of a cure are very low, and patients
exhibit poor survival rates.'”*® In contrast, another study reported a larger
proportion of patients with multiple myeloma (20.15%) among 137 individuals
subjected to HSCT.*

As a rule, patients subjected to HSCT exhibit pancytopenia before and
immediately after transplantation and remain in a state of neutropenia for
approximately 6 to 12 months after the procedure. Root canal infections might
have serious consequences during this neutropenic period and can eventually
compromise graft success.”® The high risk of bacterial infection after HSCT is
due to severe neutropenia and the damage to the body barriers caused by the
conditioning regime.?* In our study, only 56.5% of the patients in the pre-
transplantation stage exhibited neutrophil counts within the reference range; this
proportion was lower compared to the transplanted patients (63.4%). In
addition, most of the patients in the pre-transplantation stage had platelet
counts and hemoglobin concentrations below the reference values.

HSCT induces a state of immunosuppression, made even worse by
various medications, as shown in the present study. Approximately 20.74% of
the patients used steroids, which have strong effects on the distribution and
function of neutrophils, monocytes and lymphocytes. In cancer patients,
steroids seldom are the only class of immunosuppressive drugs prescribed;
therefore, it is difficult to assess their impact on the immune system. The risk of
infection is associated with the dose and duration of treatment, the degree of
neutropenia and the use of immunosuppressive agents
(https:/Iwww.nccn.org/professional/physician_gls/PDF/infections.pdf).

Prophylactic antibiotic therapy is commonly indicated after HSCT. In our

study, 51.8% of the transplanted patients used antibiotics. The NCCN (National
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Comprehensive Cancer Network) guidelines classify cancer patients as at low,
medium or high risk for infection based on factors such as primary disease,
duration of neutropenia, first exposure to chemotherapy, degree of disease
activity and intensity of immunosuppressive therapy. Antimicrobial prophylaxis
should be considered for individuals at medium or high risk of infection.
Fluoroquinolones are the antibiotics indicated to patients with chemotherapy-
induced neutropenia and significantly reduce the incidence of infection with
Gram-negative bacteria. Antibiotic prophylaxis against pneumococcal infection
is indicated for patients with low immunoglobulin (1g)G levels and chronic
GVHD. Antibiotic prophylaxis must also be prescribed to patients vaccinated
against pneumococcal disease and should last at least one year following
HSCT.*

HSCT makes patients more susceptible to infection, as the oral cavity is
a relevant source of pathogens likely to cause systemic disorders in this
population.” It is believed that infections of oral origin occur in approximately
80% of cases.!* Pulpal and periradicular diseases usually result from direct or
indirect involvement of microorganisms present in the oral cavity.??*%
Changes might occur in the oral microbiota before and after chemotherapy.?
One cohort study found significant increases of oral colonization by
opportunistic pathogens, such as Enterococcus faecalis and Candida spp.,
among individuals subjected to allogeneic transplantation.?” Medically relevant
microorganisms, such as Pseudomonas aeruginosa, Staphylococcus aureus,
Escherichia coli, Streptococcus sanguinis and Prevotella intermedia 28293031
have been detected in infected root canal systems, which highlights the need
for endodontic treatment, especially in the case of immunosuppressed patients,
such as the patients analyzed in the present study.

Analyses of the need for endodontic treatment of a given population are

difficult to find in the international literature;*>**

the same applies to cases of
patients subjected to or to being subjected to HSCT. In the present study,
23.2% of the patients required endodontic intervention. This rate seems quite
high when compared to those found for Brazil as a whole within the context of
the Health Ministry “SB Brasil” (Oral Health, Saude Bucal — SB) program, which

were 6.2% and 4.3% for the age ranges 15 to 19 and 35 to 44 years old,
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respectively. Rates varying from 1.8% to 13% were published for adolescents in
Lithuania and Manhattan (USA), respectively.*>* The rates found in the present
study are also somewhat higher than those obtained for individuals with sickle
cell anemia (10.2%)** and HIV-seropositivity under HAART (14%),* a fact that
is fully in agreement with the severe degree of immunosuppression exhibited by
patients subjected to HSCT. Although HSCT is crucial for the improvement and
survival of patients, infection after transplantation is a relevant cause of
morbidity and mortality. Countless factors determine the success or failure of

this type of systemic intervention.

Conclusion

The systemic conditions of the patients referred for dental treatment were
compromised, especially in the pre-transplantation stage, and were associated
with a high prevalence of the need for endodontic treatment. In the last
instance, these findings show that when untreated, root canal infections will
unequivocally compromise attempts at ensuring global health for this population
of patients, along with HSCT itself. Finally, the present study incisively seeks to
bring the need for consistent interdisciplinary analysis into debate in the various
fields of knowledge to attain increasingly more satisfactory and substantial
results in the attempt at ensuring global health to patients requiring stem cell

transplantation.
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Abstract

Dental caries are the major cause of pulpal inflammation and infection. The
outcome of pulpal insult is a dynamic process that depends on both the
invading microorganisms and host responses to these agents, which include
inflammation and immunity. Increased susceptibility to infections may be related
to compromised immune system function in liver transplant candidates.
Untreated oral diseases in these patients can lead to infections and sepsis and
may cause many complications in transplanted patients. The majority of liver
transplants are performed for complications resulting from viral hepatitis or
alcoholic cirrhosis. Infections are a frequent cause of morbidity and mortality
among these patients. Hence, a prerequisite dental evaluation is usually
recommended for potential organ transplant candidates. Studies correlating the
need for endodontic treatment with systemic disorders leading to liver
transplantation (LT) are scarce in the literature. The present study included 120
liver transplant candidates and correlated their personal and systemic
characteristics with the need for endodontic treatment. The need for endodontic
treatment in this cohort was 20.7%. Cirrhosis (45%) and viral hepatitis (25.5%)
were the most prevalent primary diseases. Approximately 2.0% of the patients
had hepatocellular carcinoma. Most patients exhibited platelet counts below the
reference values. The lymphocyte counts and haemoglobin concentrations were
also below the reference values in 43.3% and 38.3% of the sample,

respectively.
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Introduction

Infections of dental pulp occur as a sequel of caries, unsuccessful
operative procedures, and trauma. The pulpal infection is comprised of a
polymicrobial community that predominantly contains gram-negative anaerobes.
Once bacteria invade and colonize the dentin, the microbes survive within a
niche in the root canal system. If appropriate endodontic treatment is not
provided, the infected root canal remains a stable source of bacteria (1). The
goal of root canal therapy is to prevent or eliminate infections inside the root
canal system that have the potential to induce apical periodontitis. To achieve
this goal, extirpation and debridement of pulpal tissue and complete obturation
of the prepared root canal system are required (2). Moreover, it has been
shown that after root canal filling, microorganisms may remain in the periapical
tissues (3), and in this case, the immune system is the key element for
eliminating the remaining bacteria and healing the periapical tissue.

The association between systemic and oral health is under extensive
investigation. Dental diseases have been found to be a risk factor for many
systemic diseases and conditions such as diabetes, cardiovascular disease,
respiratory disease, chronic kidney disease, and preterm birth (4-6). Infected
teeth are thought to add to the overall systemic inflammatory burden in the body
and release oral bacterial metabolites into the bloodstream (7).

Liver diseases are a very common health matter, and the main
underlying causes include infections, alcohol abuse and lipid and carbohydrate
metabolic disorders. Liver failure occurs when the liver loses its ability to
function gradually over the course of years or rapidly within days. If the damage
is irreversible, liver transplantation is the only solution (8). It has been estimated
that 60 to 80% of liver transplant recipients develop an infection, and infection
can compromise the survival of any organ transplant recipient. Patients with
chronic liver disease (CLD) are susceptible to bacterial infections, which may
lead to bacteraemia and eventually to death (9). Increased susceptibility to
infections may be related to compromised immune system function in such
patients (10).

To prevent such occurrences and to reduce the potential morbidity posed

by dental infections, most transplant centres recommend an oral examination as
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part of the pretransplant evaluation process aiming to detect and eliminate
possible oral infection foci to reduce bacteraemia and eventual morbidity
(11).The aim of the present study was to investigate the relationship between

the epidemiological and clinical profiles of liver transplant candidates (LTC).

Methods
Patients

The study population consisted of individuals enrolled in the dental care
programme for transplanted patients at the School of Dentistry, Federal
University of Minas Gerais (Faculdade de Odontologia da Universidade Federal
de Minas Gerais, FO-UFMG). These patients were referred by the Liver
Transplant service, Clinical Hospital, UFMG (Hospital de Clinicas, HC-UFMG),
from March 2012 through March 2016. Patients whose medical records could
not be retrieved were excluded from the study. The patients were subjected to a
conditioning dental regimen based on a specific protocol applied at the liver
transplant unit, HC-UFMG. The patients also received dental care after
transplantation to maintain their oral health.
Personal data and clinical characteristics

Demographic and clinical data were collected from the patients’ medical
records and included the following: age, gender, primary disease, medication in
use, complete blood count at the time of visit, need for endodontic treatment
and number of endodontic treatments performed. Missing or incomplete data
were registered as “Missing/omitted data”.
Statistical analysis

In the descriptive analysis, the quantitative variables are expressed as
the means and standard deviations. The Kolmogorov-Smirnov test was used to
investigate whether the data were normally distributed, and the chi-square test
was employed to establish whether there were statistically significant
associations between variables.
Ethics issues

The present study complied with the ethics requirements described in
Health Ministry Resolution no. 196/96 and was approved by the research ethics
committee of UFMG (CAAE: 54829414.7.0000.5149/ruling:1.569.493; CAAAE:
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Certificado de Apresentacéo para Apreciacdo Etica/Certificate of Presentation

for Ethical Appraisal).

Results
Patients’ characteristics

A total of 120 individuals who enrolled in the Program of Dental Care for
Transplanted Patients, FO-UFMG, from March 2012 through March 2016 were
included in the study; 72.2% were male, and 27.8% were female. The
participants’ ages varied from 2 to 73 years old. The median time from
diagnosis to transplantation was 32.5 months.
Systemic diseases that led to the need for liver transplant

Cirrhosis was the main primary disease among individuals enrolled in the
Program of Dental Care for Transplanted Patients, FO-UFMG, and was
responsible for 45% of the total cases. Viral Hepatitis was associated with
25.5% of patients, including 23.2% with Hepatitis C and 3.3% with hepatitis B.
Approximately 2.0% of the patients had hepatocellular carcinoma (TABLE 1).

Table 1: Description of the patients’ characteristics

Frequency %
Gender Male 87 72.5
Female 33 27.5
total 120 100
Primary Indication Cirrhosis 59 49.2
Hepatitis C 25 20.8
Hepatitis B 2 1.7
Autoimmune Hepatitis 4 3.3
Hepatocellular carcinoma 3 2.5
Colangite esclerosante 7 5.8
Other 15 12.5
Missing 5 4.2
Total 120 100
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Need for endodontic treatment

The need for endodontic treatment was 20.7%. Most of the patients
needed endodontic treatment in only one dental tooth.
Prescribed medications and percentages of patients using medication

Most of the analysed patients (92.5%) used some medication.

A total of 90.8% of the patients used diuretics, with Hydrochlorothiazide
as the first choice. Antihypertensive drugs were continuously used by 50.8%
and antacids were used by 48.3% of the patients (TABLE 2).
Haematologic analysis

In the most individuals (87.4%), the platelet count was below the
reference value (<150,000/IL). The lymphocyte count and haemoglobin
concentration were also below the reference values in 50.5% and 44.7% of the
sample, respectively.
In most individuals enrolled at the Program of Dental Care for Transplanted
Patients, FO-UFMG, the basophil, monocyte, eosinophil and neutrophil counts
were within the reference ranges in 98%, 79.4%, 67% and 55% of the sample,
respectively (FIGURE 1).
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Table 2: Percentages of medications used by individuals enrolled in the Program of Dental

Care for Transplanted Patients, FO-UFMG

Patients
Medication
Frequency %
In use 111 92.5
Immunosuppressant 25 20.9
Tacrolimus 12 10.0
Imunen® 13 10.8
Antacid 58 48.3
Antibiotics 23 19.2
Bactrim® 2 1.7
Penicillin 14 11.7
Tetracycline 2 1.7
Norfloxacin 20 16.7
Antihypertensives 61 50.8
Nifedipine/Amlodipine 9 7.5
Atenolol/Propranolol/Metoprolol 54 45.0
Losartan 2 1.7
Captopril/Enalapril 3 2.5
Diuretics 109 90.8
Hydrochlorothiazide 78 65.0
Furosemide 4 33
Spironolactone 60 50.0
Steroids 1 0.8
Laxatives 26 22.0
Vitamin complex 3 2.5
Anticoagulant 4 33
Antidepressant 12 10.0
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Discussion

The liver has many functions, including building proteins and other
substances used by the body as well as drug metabolism and energy storage.
The liver also removes waste products and toxins from the blood. Liver disease
can lead to crucial system failure. Liver diseases can be classified as acute
(characterized by rapid resolution and complete restitution of organ structure
and function once the underlying cause has been eliminated) or chronic
(characterized by persistent damage, with progressive organ function
impairment followed by liver cell damage. Liver diseases can also be classified
as infectious (hepatitis A, B, C, D and E viruses, infectious mononucleosis, or
secondary syphilis and tuberculosis) or non-infectious (substance abuse such
as alcohol and drugs, e.g., paracetamol, halothane, ketoconazole, methyldopa
and methotrexate) (12).

The majority of liver transplants are performed as a consequence of

complications from viral hepatitis or alcoholic cirrhosis. Cirrhosis is attributable
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to numerous aetiologies that fall into several broad categories, including
infectious (typically viral), toxicologic, immunologic (including autoimmune
disease and altered immune response), biliary disease, and obstruction, as well
as metabolic and vascular disturbances. The hepatocellular necrosis is a
common pathogenic feature of these varied aetiologies of cirrhosis. Cirrhosis
was the main reason for the analysed population to be included in the study
group (45%). In the United States, an estimated 5.5 million people have chronic
liver disease, including cirrhosis. Over 60% of patients are male, and over 80%
are between 25 and 64 years of age (13). The results of the present study also
show that most of the patients analysed were male (72.2%), and the
participants’ ages varied from 2 to 73 years old, and the median age was 52.5.
The median time from diagnosis to transplantation was rather long,
approximately 975 days. According to the Organ Procurement and
Transplantation Network and the Scientific Registry of Transplant Recipients
(OPTN and SRTR), the average time to transplant in United States was 382
days (14).

Dental caries and periapical disease are the two most common
pathological conditions that affect the mouth, and both disorders may be
associated with severe systemic complications (15). Bacterial contamination of
the dental pulp might cause its destruction and the consequent development of
periapical lesions (16), which represent a potential site for dissemination of
infection. Patients with CLD, particularly those with hepatitis C virus infection or
in those cases where the liver impairment is associated with alcohol abuse,
tend to present with deficient oral hygiene (17, 18). A number of features
associated with advanced liver disease can diminish the amount of saliva,
which in turn promotes the deposition and retention of dental plaque and
increases patient vulnerability to caries (17, 19). The management of ascites
and/or oedema, which are frequent complications of cirrhosis, may require the
use of diuretic agents that can reduce saliva production. In the present study,
90.8% of the LTCs were taking diuretic agents. Guggenheimer et al. 2007 (19)
showed that the use of diuretics was significantly associated with the presence
of dental plaque. Grossmann et al. (20) observed that many patients with

hepatitis C infection present with poor dental health. Other authors also
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reported worsened dental conditions in patients with liver cirrhosis (21, 22). In
previous studies alcohol and hepatitis C cirrhotic patients had the lowest
numbers of teeth when compared with healthy controls (23, 24).

Analyses of the need for endodontic treatment in a given population are
difficult to find in the international literature. In the present study, 20.7% of the
patients required endodontic intervention. The rates found in the present study
are similar to those obtained for individuals undergoing to HSCT (24.3%)
(25).The increased need for endodontic treatment may also be related to
compromised immune system function in such patients. A recent study reported
that LTCs have a significantly higher prevalence of
radiographic periapical lesions compared with the control group (26). However,
the rates found in the present study seems quite high when compared with
those found for Brazil as a whole within the context of the Health Ministry “SB
Brasil” (Oral Health, Saude Bucal — SB) programme, which were 6.2% and
4.3% for the age ranges 15 to 19 and 35 to 44 years old, respectively
(www.saude.gov.br/bucal). Other rates varying from 1.8% to 14% have been
reported in several other studies (2, 27-29).

Among LTCs, other physical, behavioural, and/or social comorbidities
that can contribute to untreated dental disease, as well as tooth loss, include
their older age, disability with loss of insurance, preoccupation with medical
issues, lack of motivation, anxiety and/or depression, poor health behaviours, or
an inability to comply with obligatory health regimens (11). These factors may
also impact the results observed here since patients wait for a long time to be
transplanted, as demonstrated elsewhere (28).

As noted previously, dental breakdown may increase susceptibility to
infections before and after LT. Dental infections should therefore be actively
identified and treated accordingly. However, there are several concerns about
the risks of performing dental surgical procedures in such frail patients. In this
respect, some authors (30-32) have reported several cases of haemorrhagic
complications and delayed wound healing in patients with CLD undergoing
dental surgery, leading some authorities to contraindicate surgery in those
patients (21). Thrombocytopenia (platelet counts <150,000/IL) is a common

complication in patients with chronic liver disease (CLD) and has been
67



observed in as many as 76% of cirrhotic patients. In this study, the majority of
the selected population (87.4%) presented platelet counts below the reference
value. Severe thrombocytopenia can be associated with significant morbidity,
which often complicates the medical management of patients with advanced
liver disease (33).

It is well known that neutrophils, as well as the antibody/complement
system, are critical for protection against periodontal bacteria (10). Patients with
cirrhosis have an increased susceptibility to bacterial infections and have a
compromised immune system function (34). In our study, a high percentage of
the patients in the pre-transplantation stage exhibited neutrophil counts below
the reference range (30.1%). Bacteria typically involved in oral infections, such
as Streptococcus viridans, are increasingly being recognized as a cause of
spontaneous bacterial peritonitis among patients with cirrhosis (35), but a
causal relationship has not been established.

Dental infections have been implicated in the pathophysiology of several
systemic diseases, including diabetes, cardiovascular disease, respiratory
disease, chronic kidney disease, and preterm birth (4-6). Recent studies (36,
37) suggest the real necessity of removing dental infections before
transplantation. The results from another study (38) showed that patients who
did not have dental treatment prior to stem cell transplantation had considerably
more complications soon thereafter. In accordance, a high risk of infections was
observed in patients presenting with acute liver failure without pretransplant
dental treatment (36). Arvaniti et al. (37) reported that CLD patients are 4-fold
more susceptible to mortality after infection due to their immune system
impairment. Additionally, a retrospective study found an association between
dental infections and accelerated liver diseases (39).

Patients with CLD considered for liver transplantation have to be carefully
examined for the presence of dental infection, which should be eliminated
before transplantation. This examination is worthwhile since patients will be
immunosuppressed as a consequence of the treatment protocol during the post
transplantation period (36). As observed here, poor oral health status and
odontogenic infections are frequently found among patients with CLD, which

may represent a source of systemic infections before and after LT. In an
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attempt to reduce post transplantation mortality, multidisciplinary assistance
ought to be designed in different ambulatory care units around the world.
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Artigo 3: Immunological profile of periapical endodontic infections in patients
undergoing hematopoietic transplantation

Immunological profile of periapical endodontic infections in patients

undergoing hematopoietic transplantation

Julia Mourao Braga Diniz, Marcela Carvalho Espaladori, Luciana Carla Neves
de Brito, Maria Elisa Souza e Silva, Leda Quercia Vieira e Antonio Paulino
Ribeiro Sobrinho.

Abstract

More than 80% of patients subjected to haematopoietic stem cell
transplantation (HSCT) develop at least one episode of infection. Bacterial
contamination of the dental pulp might cause its destruction and the consequent
development of periapical lesions, which represent potential sites for the
dissemination of infection. The aim of this study was to evaluate the mRNA
expression levels of cytokines interferon-y, tumour necrosis factor-a, interleukin
IL-18, IL-10, and the chemokines CCL2/MCP-1, CCL4 and CXCR4 in interstitial
fluid from root canal infections. The case group was composed of 10 patients
undergoing HSCT, and our control group included 10 healthy patients. Clinical
samples were taken from teeth with pulp necrosis. After cleaning and drying, 3
paper points were introduced into the root canal, passing passively through the
root apex (2 mm) into the periapical tissues for 1 min. Samples were collected
immediately after root canal cleaning and 7 days later (restrained root canal
bacterial load) to characterize gene expression using real-time PCR. The
results showed significantly increased expression levels of TNF-a and IFN-y on

day 7 in control and case groups. The mRNA levels of IL-1B and IL-10 in the
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bone marrow group increased in the samples from day 7. The chemokine CCL-
2/MCP-1 was not detected in patients undergoing HSCT. The expression of
CCL-4 was not significantly different between the groups. Chemokine receptor
CXCR4 levels increased in samples obtained from the day 7 control group.
Individuals undergoing HSTC presented proinflammatory and anti-inflammatory
action during periapical responses. Similar outcomes were observed between
the cases and individuals in the control group.

Keywords: Endodontic treatment, hematopoietic stem cell transplantation,

immunosuppression, endodontic infection, cytokines and chemokines
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Introduction

Haematopoietic stem cell transplantation (HSCT) is widely used to treat
malignant blood disorders, including acute and chronic leukaemia, aplastic
anaemia, myelodysplastic syndromes, severe combined immunodeficiency,
lymphoma and some solid tumours, such as breast cancer. The prevalence of
oral complications among HSCT recipients is high, the most common of these
complications being mucositis, xerostomia, palate disorders, graft versus host
disease (GVHD) and infection (1). Complications derived from root canal
infections might occur at any stage of the transplantation process and can
cause significant problems, such as systemic infection or other disorders (2).
Propagation of the infection depends on local and systemic host factors and on
the virulence of the pathogen (3).

Apical periodontitis is an inflammatory disease of periradicular tissues
that is caused by the host immune response to root canal infection and is

characterized by localized inflammation concomitant with bone resorption (4).

During maturation of the immune response, antigen-presenting cells are
responsible for the polarization of T-helper (Th) immune profiles. Four T-cell
subsets have been described: Thl, Th2, Th17, and T-regulatory (Treg) cells.
Each of these drives a characteristic protective immune response (5).

The inflammatory response is related to a type 1 immune response,
which is characterized by the production of interferon- y (IFN- y), tumour
necrosis factor-a (TNF-a), and interleukin-1 (IL-1), which are involved in the
disease progression, bone destruction, and remodelling of periapical lesions (4).

In contrast, immunosuppressive mechanisms mediated by Treg-derived or Th2-
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derived cytokines are responsible for healing and restricting the inflammatory
immune mechanisms (6). Transforming growth factor (TGF)- and IL-10, which
was initially described as a Th2 cytokine, both exhibit strong anti-inflammatory
properties.

Chemokines such as CCL2/MCP-1, CXCR4 and CCL4 compose a
specialized group of cytokines that coordinate cell movements that are
necessary for the initiation of T-cell immune responses and recruiting the
appropriate effector cells to sites of inflammation, including Th 1 or Th 2 cells
(7). These molecules are involved in many biological processes, including organ
development and homeostasis, angiogenesis, and immune activation and
regulation (8).

Patients undergoing HSCT are at higher risk of infection. Neutropenia
has been recognized as a major risk factor for the development of infections in
these patients (9). Although impaired immunologic responses have been shown
in HSCT individuals, no study has analysed the periapical immune responses to
root canal infections in these individuals. The aim of this study was to
quantitatively assay the expression of proinflammatory (IFN-y, TNF-a, IL-1B),
and Treg (IL-10) cytokines and the expression of chemokines (CCL-2/MCP-1,
CCL-4, and CXCR4) in samples collected from interstitial fluid adjacent to root
canal infections in healthy/control and pre-HSCT/bone marrow group
individuals. Seven days later, the same parameters were assayed following root
canal cleaning procedures, which significantly reduced root canal bacterial load.

The healing process had presumably begun in the second group of samples.
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Materials and Methods

Human subjects

Subjects included 10 healthy patients and 10 patients at the pre-HSCT stage
who were selected from 103 males and females (children and adults) enrolled in
the dental care program for transplanted patients at the School of Dentistry at
the Federal University of Minas Gerais (Faculdade de Odontologia da
Universidade Federal de Minas Gerais, FO-UFMG). Patients enrolled in the
dental care program were referred by the HSCT service, Clinical Hospital,
UFMG (Hospital de Clinicas, HC-UFMG), from March 2011 through March
2016. All patients updated their medical records at the first appointment. The
patients were subjected to an HSCT-conditioning dental regimen based on a
specific protocol applied at the HSCT Unit, HC-UFMG. The conditioning dental
regimen comprised a thorough clinical and radiographic evaluation of the
patient. Intraoral periapical and bite-wing radiographs combined with panoramic
radiographs were requested. The selected patients had teeth with pulp necrosis
and apical periodontitis and were between 29 and 61 years old. All participants
signed the Free Agreement Formulary. This study was approved by the Ethics
Committee of the Universidade Federal de Minas Gerais (CAAE:
54829414.7.0000.5149/ruling:1.569.493).

Sample collection

Clinical samples were taken from teeth with pulp necrosis, which was
diagnosed based on clinical and radiographic analyses and pulp sensibility
tests. Teeth did not present acute periapical symptoms at the time of the
appointment. The sampling procedures were performed as previously described

(3). Each tooth was isolated, and the root canals were cleaned and shaped
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using ProTaper universal NiTi files (Dentsply Maillefer, Ballaigues, Switzerland)
and 2.5% sodium hypochlorite. The samples were collected immediately after
root canal cleaning to characterize the cytokine/chemokine expression profile.
After cleaning and drying, three paper points (#20) were introduced into the root
canal, passing passively through the root apex (2 mm) into the periapical
tissues, where they remained for 1 min. The paper points were cut at 4 mm
from the tip, placed into microcentrifuge tubes, and stored at 70 °C. Using this
procedure, RNA was extracted from the periapical interstitial fluid. No
endodontic dressing was inserted into the root canals. The coronal access
cavities of the teeth were restored using a eugenol-based cement. Seven days
later (day 7), the teeth were opened, and the periapical interstitial fluid was
sampled again to characterize the expression of cytokine/chemokine expression
in teeth with restrained root canal bacterial loads. Single and multiple root teeth
were included in this study. 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.

Sample preparation

Total RNA was extracted from each sample using TRIzol reagent (GIBCO/BRL
Laboratories, Grand Island, NY) as described elsewhere (10-12) and then
stored at -70 °C.

Real-time polymerase chain reaction

Complementary DNA was synthesized using 1 ug of RNA and reverse
transcription as described previously (13). Primer sequences were designed

using PRIMER EXPRESS software (Applied Biosystems, Foster City, CA, USA)
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based on nucleotide sequences available in the GenBank database. Real-time
PCR assays were performed using PRIMER EXPRESS software (Applied
Biosystems). The primer sequences used for the quantitative PCR analysis of
IFN-y, TNF-qa, IL-1B, IL-10, CCL4, CXCR4 and MCP-1 mRNA expression are
shown in Table 1. PCR was performed under the following standard conditions:
a holding stage at 95 °C (10 min); a cycling stage of 40 cycles at 95 °C (15 s)
followed by 60 °C (1 min); and a melting curve stage at 95 °C (15 s), 60 °C (1
min) and 95 °C (15 s). A SYBR-Green detection system (Applied Biosystems)
was used to visualize primer amplification. Following amplification, melting
curve analysis was performed to determine the specificity of the amplified
products. The melting curve was obtained from 60 °C to 95 °C, and continuous
fluorescence measurements were recorded at every 1% increase in
temperature. PCR products with melting temperatures that diverged from those
that have been established for standard DNA were considered false positives;
for such cases, a null fluorescence value was attributed. Glyceraldehyde- 3-
phosphate dehydrogenase (GAPDH) was used as a housekeeping gene for
normalization and was assayed with each set of reactions. All samples were
assayed in duplicate. Each reaction was performed in a 25-yL volume
containing 1ug of cDNA. Sequence Detection System (SDS) Software version
2.4.1 (Applied Biosystems) was used to analyse the data after amplification.
The results were obtained as threshold cycle (Ct) values, and the expression
levels were calculated using the comparative 222°; method (14). The results
were calculated as the mean value of duplicate assays for each patient, and the
MRNA expression levels in all samples were defined as the ratio of each

specific primer to GAPDH expression.
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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 the Shapiro—Wilk test to

characterize normality. Because the samples did not present a normal

distribution, the Wilcoxon test was used to determine significant differences (P <

0.05).

Table 1. Primer sequences

Gene Sense and antisense Mt (°C) bp

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

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

IL-1B 5-TGG CAG AAA GGG AAC AGA A- 3 73 59
5-ACA ACA GGA AAG TCC AGG CTA- 3’

TNF-a 5-TTC TGG CTC AAA AAG AGAATT G- 3 76 73
5-TGG TGG TCT TGT TGC TTA AGG- 3’

IL-10 5-GGT TGC CAA GCC TTG TCT GA- 3 81 107
5-TCC CCC AGG GAG TTC ACAT- 3

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

CXCR4 5-GAA CTG TCG CCA GCA GCT AAA-3 80 71
5-TGC AGG CAG GAC AAC CAT TA-3

ccL4 5- TCT CCT CAT GCT AGT AGC TGC CTT- & 78 101

5- GCT TCC TCG CAG TGT AAG AAA AG-3

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

Results

Levels of mMRNA expression were determined by real-time PCR and were

guantified by comparison with the internal control gene, GAPDH. The results

revealed significant increases in the expression of TNF-a and IFN-y mRNA in
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teeth with restrained bacterial loads (day 7) compared to the first collection (day
0) in both pre-HSCT (bone marrow group) and healthy individuals (control
group). However, the mRNA expression levels of TNF-a and IFN-y were
significantly higher in the healthy/control group than in the bone marrow group
obtained on day 7. Similarly, the mRNA expression levels of IL-1-f and IL-10 in
the bone marrow group increased in samples from day 7 (P < 0.05) (FIGURE
1).

Chemokine receptor (CXCR4) mRNA expression increased in samples
from day 7 (P < 0.05) in the healthy/control group. The expression of CCL-4
was not significantly different between the groups. CCL-2/MCP-1 mRNA
expression was not detected in either the first or second samples in bone
marrow individuals but was present in periapical samples obtained from
healthy/control individuals and in a positive primer amplification control, which

was assayed in duplicate in the same well plate (FIGURE 2).
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Figure 1: Expression of TNF-a, IFN-y, IL-18 and IL-10 in periradicular tissue obtained from healthy/control
individuals and pre-HSCT patients with root canal infections. Expression levels were determined by real-
time PCR and were quantified by comparison with an internal control (GAPDH). Bars represent the mean

values of samples recovered from 10 healthy individuals and 10 pre-HSCT individuals, and lines represent

the standard error of the mean. * Indicates P<0.05 according to the Wilcoxon test.
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Figure 2: Expression of MCP1/CCL2, CXCR-4, CCL-4 in periradicular tissue obtained from healthy/control
individuals and pre-HSCT patients with root canal infections. Expression levels were determined by real-
time PCR and were quantified by comparison with an internal control (GAPDH). Bars represent the mean

values of samples recovered from 10 healthy individuals and 10 pre-HSCT individuals, and lines represent

the standard error of the mean. * Indicates P<0.05 according to the Wilcoxon test.

Discussion

Haematopoietic stem cell transplantation (HSCT) is widely used as a potentially
curative treatment for patients with various haematological malignancies, bone
marrow failure syndromes, and congenital immune deficiencies. HSCT makes
patients more susceptible to infection because the oral cavity is a relevant
source of pathogens that are likely to cause systemic disorders in such subjects
(). It is believed that infections of oral origin occur in approximately 80% of

cases (15).
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Pulpal and periradicular diseases usually result from the direct or indirect
involvement of microorganisms that are present in the oral cavity (16, 17). The
presence of microorganisms and their by-products inside infected root canals
evoke the host immune response, which acts to avoid dissemination through
the periapical foramen. Cleaning and shaping procedures strongly diminish the
root canal bacterial load, and periapical healing starts soon afterward. This
process involves overlapping phases of inflammation, proliferation, and
remodelling. Each of these phases is characterized by dynamic interactions
among components of the extracellular matrix, growth factors, and cells (4, 18).
In this study, expression levels of inflammatory and regulatory cytokines and
chemokines were investigated in the periapical lesions immediately after root
canal cleaning procedures and 7 days later.

A type 1 immune response, which is characterized by the production of
IFN-y, TNF-a, and IL-1, is involved in the progression, bone destruction, and
remodelling of periapical lesions (19). TNF-a is a proinflammatory cytokine that
is released by activated monocytes, macrophages, and T lymphocytes, thus
contributing to the immune response, growth regulation, differentiation, survival,
and physiological function of a variety of cells and the production of other
cytokines, inflammatory mediators, and enzymes (20, 21). This molecule is a
potent inducer of bone resorption that stimulates the differentiation and
activation of osteoclasts (22). IFN-y is the main activator of macrophages, which
subsequently produce cytokines and other mediators, thus playing a significant
role in the development of periapical diseases (23). In this study, the mRNA
expression levels of the proinflammatory cytokines TNF-a and IFN-y increased

on day 7 after cleaning and shaping procedures in a healthy/control group and
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in a bone marrow group. Conversely, previous studies have reported a
decrease in the expression levels of proinflammatory mediators after cleaning
and shaping procedures (4, 10, 24). These contradictory results may be related
to specific microbial challenge in each infected root canal and the patient’s
genetic make-up. A study that analysed different intracanal medications on Thl
and Th2 cytokine subtypes showed that proinflammatory cytokine expression
levels in the periapical area were higher when higher bacterial counts in root
canal infection were present (25). The results of our study revealed that the
MRNA expression levels of TNF-a and IFN-y were significantly higher in the
healthy/control group than in the bone marrow group on day 7. Perhaps this
finding was related to neutropenia, which has always been associated with
patients undergoing HSCT (9). It has also been demonstrated that neutrophils
play an active role in the development of bone loss associated with endodontic
lesions (26).

Interleukins (IL), particularly IL-1B, are produced in periapical lesions by
several types of cells, including macrophages, osteoclasts, PMNs, and
fibroblasts (27). Among the local effects of IL-1, we wish to especially note
lymphocyte stimulation, neutrophil potentiation, the production of proteases and
prostaglandin activation, leukocyte adhesion enhancement, and bone formation
inhibition (28). Moreover, using interleukin-1 receptor antagonists, it was shown
that IL-1 is responsible for 60% of lesion development (29). It has previously
been demonstrated that IL-1B is increased in periapical lesions (30, 31) and is
decreased after endodontic treatment (24). Interestingly, in the bone marrow
group studied here, the expression of IL-18 mMRNA was significantly higher on

day 7 (restrained bacterial load) than on day 0. This result suggests that on day
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7, a type 1 immune response, characterized by the production of interferon-y
(IFN-y), tumor necrosis factor-a (TNF-a), and interleukin-1B (IL-1B), which is
involved in the progression, bone destruction, and remodeling of periapical
lesions (5) yet remains. In the control group, the mRNA expression of IL-1
was similar between both times, as demonstrated elsewhere (4).

Chemokines direct the cell movements that are necessary for the
initiation of T-cell immune responses and attract the appropriate effector cells to
sites of inflammation, including the selective recruitment of Thl and Th2 cells
(7). Increased CCL2/MCP-1 expression has been associated with an increase
in the recruitment of cells to inflammatory sites (32). Abundantly produced in
chronic inflammation, MCP-1/CCL2 is associated with osteoclast chemotaxis
and differentiation (33), mediates monocyte recruitment to bone inflammatory
sites, and is involved in bone remodelling (34). In this study, CCL2 was found at
similar levels in the healthy/control group on days O and 7 after root canal
cleaning, as demonstrated previously (11). Interestingly, CCL-2/MCP-1 was not
detected in the bone marrow group, which suggests that in those patients, the
recruitment of appropriate effector cells to sites of inflammation was impaired.
The consequence of this phenomenon for periapical immune responses is a
matter of debate. An experimental study shows that mice lacking MCP-1
experience delayed wound healing and show delayed re-epithelialization and
reduced capillary density (35).

CCL4 is a chemoattractant for natural killer cells and monocytes, and
CXCR4 is an alpha-chemokine receptor that is potently chemotactic for
lymphocytes. In the control group studied here, CCL4 mRNA expression did not

change when the bacterial load was restrained after cleaning and shaping the
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root canal. However, CXCR4 increased after root canal therapy in this group, as
previously shown (24). It was recently demonstrated that CXCR4 is a natural
ligand of ubiquitin (36), a protein that is highly conserved among eukaryotic
cells and that acts as an anti-inflammatory immune modulator (37). This finding
might suggest that the healing procedures that occur after root canal treatment
may be modulated in healthy patients by this mechanism. Additionally, in the
bone marrow group, no significant differences were observed in CXCR4/CCL4
expression between the two times analysed.

Immunosuppressive mechanisms mediated by IL-10 are responsible for
healing processes and inflammatory/immune mechanism restriction. The
importance of IL-10 for controlling the degree and duration of inflammatory
reactions has been observed in several chronic inflammatory and autoimmune
pathologies (12, 38, 39). No significant differences in IL-10 expression in the
healthy/control group were observed between days O and 7, possibly due to
cross-immune regulation promoted by the high expression of proinflammatory
cytokines (TNF-a and IFN-y) on day 7. This result reinforces the previous
observation about the healing process in the control group: this was not
modulated by IL-10 but was probably modulated by CXCR4. Conversely, in the
bone marrow group, high mRNA IL-10 expression was observed on day 7 (after
bacterial load restraint), suggesting that the immunoregulatory process occurs
as the result of IL-10 interference.

The outcomes found in this study generally demonstrated similar
cytokine and chemokine mRNA expression in healthy individuals and in those
undergoing HSTC. However, it is worth noting the role of the total absence of

MRNA MCP-1/CCL2 expression in those individuals undergoing HSCT and its
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consequences for the periapical immune response. Moreover, the immune
regulatory process seems to be modulated differently in both groups; in healthy
individuals, the process is related to CXCR4, while in individuals undergoing
HSTC, it is related to IL-10. Further immunologic and prospective studies are
necessary to better understand the interesting results observed herein and their
consequences for the periapical immune responses that occur in patients

undergoing HSCT.
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Artigo 4: Immunological profile of teeth with inflammatory periapical disease

from chronic liver disease patients

Immunological profile of teeth with inflammatory periapical disease from

chronic liver disease patients

Abstract

Patients with chronic liver diseases (CLD) demonstrate an increased
susceptibility to infection due to a number contributory and predisposing factors.
The aim of this study was to evaluate the mRNA expression levels of the
cytokines interferon-y, tumour necrosis factor-a, interleukin (IL)-1pB, IL-10, IL-6,
VEGF, and AGT and the chemokine CCL2/MCP-1 in periapical interstitial fluid
from root canal infections before and after the reduction of the bacterial load
using a cleaning procedure.The case group included 11 patients with chronic
liver disease, and the control group included 11 healthy patients. Clinical
samples were taken from teeth with pulp necrosis. After cleaning and drying, 3
paper points were introduced into the root canal and passed through the root
apex (2 mm) into the periapical tissues for 1 min. The samples were collected
immediately after root canal cleaning and 7 days later to characterize those
gene expression levels using real-time PCR. In the control group, significantly
increased expression of the proinflammatory cytokines IFN-y and TNF-a was
observed in teeth with restrained bacterial loads (day 7). Similarly, increased
TNF-a expression was observed on day 7 in the liver group. The IL-B mRNA
levels were higher in the liver group than in the control group at the first
collection (day 0). Increased AGT mRNA levels in teeth with restrained bacterial
loads compared with those from the first collection in control individuals.CLD
patients exhibited sufficient immunologic ability showing relatively similar
expression levels of cytokines, chemokines and angiogenic factors in periapical
samples compared with the responses from non-CLD patients. The outcomes of
this study suggest that liver impairment did not compromise the periapical

immune response.
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Introduction

Endodontic lesions typically develop from exposure of the pulpal tissue to
oral bacteria as a result of deficiencies in tooth integrity. This may result from
carious lesions that dissolve the mineralized dental tissue, fractures of the tooth
structure, or iatrogenic or other circumstances that allow bacteria to penetrate
into the pulpal tissues. In most cases, these events lead to SCR infection, which
causes the development of perirradicular inflammation. As expected, the host
response plays a critical and protective role in lesions of endodontic origin (1).
The host immune response is complex and involves the recruitment of
inflammatory cells and the production of cytokines and chemokines. The
antigen-presenting cells, especially dendritic cells and macrophages, are at
least responsible for the polarization of 4 different Th subsets (2). The
inflammatory response is related to the Thl subset, which produces cytokines
such as interferon gamma (IFN-g), tumor necrosis factor alpha (TNF-a), and
interleukin (IL-1). These molecules are involved in periapical lesion progression,
bone destruction, and remodelling (3). Conversely, the healing process is
related to the Th2 subset. The Th1l7 subset may play a role in exacerbating
inflammation by stimulating the secretion of proinflammatory mediators, such as
IL-8, TNF-a, and IL-6 (4). Regulatory T (Treg) cells maintain normal
homeostasis and reduce Thl, Th2, and Th17 over activity. IL-10 exhibits strong
anti-inflammatory properties and is produced by Thl, Th1l7, Th2, and Treg cells
(2).

Patients with chronic liver disease (CLD), particularly those with chronic
viral hepatitis C or those in which liver impairment is associated with alcohol
abuse, tend to present with deficient oral hygiene (5, 6). These diseases may
be associated with lifestyles and behaviours that contribute to dental neglect
and untreated dental disease (7). Moreover, a number of features associated
with advanced liver disease can diminish saliva production, which in turn
promotes the deposition and retention of dental plaque and increases patient
vulnerability to caries (5). Dental caries may provide points of entry for bacteria
into the pulpal space, which can evolve to pulpal necrosis. If appropriate

endodontic treatment is not provided, the infected root canal system become an
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indissoluble source of bacteria that has the potential to induce apical
periodontitis (8).

It has been estimated that 60 to 80% of liver transplant recipients
develop an infection, and infections can compromise the survival of any organ
transplant recipient. Patients with CLD considered for liver transplantation
should be examined for the presence of dental infection, which should be
treated before transplantation, since they may be a source of bacterial infection
if iImmunosuppressive treatment is initiated (9). Systemic conditions and
disorders can modulate factors that affect oral infection progression rather than
acting as causative aetiologic factors (10, 11). A recent study reported that CLD
patients are at 4-fold increased risk of mortality after infection due to their
decreased immune system function and present with increased levels of
endotoxins, nitric oxide and cytokines, such as tumor necrosis factor-a and
interleukin-6 (12). Castellanos-Cosano et al (13) reported that teeth in patients
with liver transplants were more associated with endodontic pathosis compared
with the control group. However, no study has analysed the periapical immune
responses to root canal infections in patients with CLD, who exhibited impaired
immunologic responses.

The initiation of an inflammatory cascade in lesions of endodontic origin
includes the complex interplay of multiple cell types and involves the activation
of endothelial cells, PMNs, macrophages, lymphocytes, and osteoclasts,
leading to rapid bone destruction. . The aim of this study was to quantitatively
assay the expression of IFN-y, TNF-a, IL-18, IL-6, IL-10, CCL-2/MCP-1, VEGF
and AGT in samples collected from interstitial fluid adjacent to root canal
infections in healthy/control and pre-Liver transplant group individuals. Seven
days later, these same parameters were assayed following root canal cleaning
procedures, which significantly reduced root canal bacterial load and after which

the healing process had begun, as demonstrate elsewhere (14, 15).
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Materials and Methods

Human subjects

The subjects included 11 healthy patients and 11 patients with CLD who
were selected from 120 males and females (children and adults) enrolled in the
dental care programme for transplanted patients of the School of Dentistry,
Federal University of Minas Gerais (Faculdade de Odontologia da Universidade
Federal de Minas Gerais, FO-UFMG) from March 2011 through March 2016. All
patients updated their medical records at the first appointment. The patients
were subjected to a conditioning dental regimen based on a specific protocol
applied at the FO-UFMG. The conditioning dental regimen consisted of
thorough clinical and radiographic evaluations. Intraoral periapical and bite-wing
X-rays associated with panoramic radiograph were obtained. The selected
patients had teeth with pulp necrosis and apical periodontitis and were between
26 and 65 years of age. All participants signed the Free Agreement Formulary.
This study was approved by the Ethics Committee of the Universidade Federal
de Minas Gerais (CAAE: 54829414.7.0000.5149/ruling:1.569.493).

Sample collection

Clinical samples were taken from teeth with pulp necrosis, which was
diagnosed based on clinical and radiographic analyses and pulp sensibility
testing. The teeth did not present acute periapical symptoms at the time of
appointment. The sampling procedures were performed as previously described
(16, 17). Each tooth was isolated, and the cleaning and shaping of the root
canals were completed using ProTaper universal NiTi files (Dentsply Maillefer,
Ballaigues, Switzerland) with 2.5% sodium hypochlorite. The samples were
collected immediately after root canal cleaning for cytokine/chemokine
expression profiling. After cleaning and drying, three paper points (#20) were
introduced into the root canal and passed passively through the root apex (2
mm) into the periapical tissues for 1 min. The paper points were cut 4 mm from
the tip and placed in a microcentrifuge tube for storage at -70 °C. In this
procedure, RNA was extracted from the periapical interstitial fluid. No

endodontic dressing was inserted into the root canals. The coronal access
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cavities of the teeth were restored with a eugenol-based cement. Seven days
later (day 7), the teeth were opened, and the periapical interstitial fluid was
again sampled to characterize the cytokine/chemokine profiles in those teeth
with restrained root canal bacterial loads, as demonstrated by others (18).
Single and multiple root teeth were included in this study. 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 had clinical signs or symptoms, and the root

canals were filled using the lateral compaction technique.

Sample preparation

Total RNA was extracted from each sample using the TRIzol reagent
(GIBCO/BRL Laboratories, Grand Island, NY) as described elsewhere (16, 17,
19).The RNA was then stored at -70 °C.

Real-time polymerase chain reaction

Complementary DNA was synthesized using 1 ug of RNA and the
reverse transcription reaction as described previously (20). Primer sequences
were designed using the PRIMER EXPRESS software (Applied Biosystems,
Foster City, CA, USA) based on the nucleotide sequences available in the
GenBank database. A real-time PCR assay was also performed using the
PRIMER EXPRESS software (Applied Biosystems). The primer sequences
used for the quantitative PCR analysis of IFN-y, TNF-a, IL-18, IL-10, II-6, VEGF,
AGT and MCP-1 mRNA expression are shown in Table 1. PCR was performed
under standard conditions as follows: a holding stage at 95 °C (10 min); a
cycling stage of 40 cycles at 95 °C (15 s) followed by 60 °C (1 min); and a
melting curve stage at 95 °C (15 s), 60 °C (1 min) and 95 °C (15 s). A SYBR-
Green detection system (Applied Biosystems) was used to assay primer
amplification. Following amplification, melting curve analysis was performed to
determine the specificity of the amplified products. The melting curve was
obtained from 60 °C to 95 °C, with continuous fluorescence measurements
taken at every 1% increase in temperature. PCR products with melting
temperatures divergent from those established for standard DNA were

considered as false-positives; a null fluorescence value was noted in such
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cases. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as a
housekeeping gene for normalization and was analysed with each set of
reactions. All samples were run in duplicate. Each reaction was performed in a
25 pL volume containing 1 pug of cDNA. The Sequence Detection System (SDS)
Software version 2.4.1 (Applied Biosystems) was used to analyse data after
amplification. The results were obtained as threshold cycle (Ct) values, and the
expression levels were calculated using the comparative 22T method (21).
The values were calculated as the mean value of the duplicates for each patient,
and the mRNA expression levels in all samples were defined as the ratio of
each specific primer to that of GAPDH.

Table 1. Primer sequences, Melting Temperature (Mt), and Amplicon Sizes for Each

Target Cytokine, Chemokine or Angiogenic Factors

Gene Sense and antisense Mt (°C) bp

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

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

IL-1B 5-TGG CAG AAA GGG AAC AGA A- 3 73 59
5-ACA ACA GGA AAG TCC AGG CTA- 3

TNF-a 5-TTC TGG CTC AAA AAG AGAATT G- 3 76 73
5-TGG TGG TCT TGT TGC TTA AGG- 3

IL-10 5-GGT TGC CAA GCC TTG TCT GA- 3 81 107
5-TCC CCC AGG GAG TTC ACAT- 3

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

IL-6 5- GGA GAC TTG CCT GGT GAA- & 80 76
5-CTG GCTTGT TCC TCACTACTC-3’

AGT 5-ACA GTT TGG CAA TTG GAA GCA-3' 65 152
5-CAC CCA GAT GAC TCC AAG ATC AG3

VEGF 5-ATC TGC ATG GTG ATG TTG GA-3' 71 214

5'-GGG CAG AAT CAT CAC GAA GT-3'
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Statistical analysis

SPSS for Windows (version 15.0; SPSS, Chicago, IL, USA) was used to
perform data analysis. The data were subjected to the Shapiro—Wilk test to
characterize normality. Because the samples did not present a normal
distribution, the Wilcoxon test was used to determine significant differences (p <
0.05).

Results

The levels of mMRNA expression were determined by real-time PCR and
quantified by comparison with the internal control gene GAPDH. Significantly
increased expression of the proinflammatory cytokines IFN-y and TNF-a was
observed in teeth with restrained bacterial loads (day 7) in the control group
(FIG 1). In the liver group, similarly increased expression of TNF-a in teeth with
restrained bacterial loads was observed (day 7), however, the TNF-a and IFN-y
MRNA levels were significantly higher in the healthy/control group than in the
liver group on day 7(FIG 1). When comparing the expression levels of the
cytokines IL-18, IL-10 and, IL-6 and the chemokines MCP-1/CCL-2 and VEGF
between the first collection (day 0) and second collection (day 7), no significant
differences were observed over time in either group (p>.05). However, the IL-
MRNA levels were higher in the liver group than in the healthy/control group at
the first collection (day 0) (FIG 1). Assessment revealed a significant increase in
AGT mRNA levels in teeth with restrained bacterial load (day 7) compared with

the first collection in control individuals (FIG 2).
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Figure 1: Expression of TNF-a, IFN-y, IL-13 and IL-10,IL-6, AGT,VEGF and MCP-1/CCL-2 in
perirradicular tissue from health/control and liver transplant patients with root canal infections.
Levels of expression were determined by real-time PCR and quantified by comparison with the
internal control (GAPDH). Bars represent the mean values of sample recovered from 11 health

individuals and 11 pre-liver transplant individuals and lines represent the standard error of the

mean. * Indicates P<0.05 by Wilcoxon test.
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Discussion

Apical periodontitis is one of the most common inflammatory diseases in
the oral cavity and is caused by bacterial infection of the root canal (22). This
disease represents a host response to continuous antigenic stimulation and
involves recruitment of inflammatory cells, generation of cytokines, elaboration
of lytic enzymes, and activation of osteoclasts, which leads to periapical bone
resorption (23). Pro-inflammatory status and impaired immune response
associated with systemic diseases can affect the reparative response of the
dental pulp and periapical healing (24). Marending et al. (25) reported that the
integrity of the nonspecific immune system was a significant predictor for
endodontic initial treatment and retreatment outcome. Ng et al. (26) also
demonstrated the impact that an impaired nonspecific immune system had on
the healing of periapical tissues.

Bacterial antigens induce proinflammatory cytokine production, including
that of TNF-a, IFN-y and IL-1B. Unexpectedly, in this study, greater expression
of TNF-a and IFN-y was observed after cleaning and shaping procedures in
control/healthy group. Similarly, increased expression of TNF-a was observed in
teeth with restrained bacterial loads (day 7) in the liver group. These
contradictory results may be related to specific microbial challenge in each root
canal infection, as well as, the individual genetic make-up. A study that
analysed different intracanal medications on Thl and Th2 cytokine subtypes
showed that proinflammatory cytokine expression levels in the periapical area
were higher when higher bacterial counts in root canal infection were present
(27). Previous studies have already shown decreased expressions of
proinflammatory mediators after cleaning and shaping procedures (17, 28).
Moreover, in this study, TNF-a and IFN-y mRNA expression levels were
significantly higher in the healthy/control group than in the liver group on day 7.
IFN-y activates macrophages, reduces macrophage-suppressive activity, and
plays a significant role in the development of periapical diseases (29).

IL-B mRNA levels were higher in the liver group than in the
healthy/control group at the first collection (day 0). IL-1 has been identified as a

central mediator of periapical and pulpal inflammation (23) that increases
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leukocyte adhesion, stimulates lymphocytes, and, together with TNF-a,
enhances periapical bone resorption while inhibiting bone formation (30). These
results may be explained since the pattern and intensity of cytokine expression
shows marked variation among individuals, depending on the source of
stimulatory agent (31, 32).

It is well known that CLD patients respond to sepsis with a greater and
longer-lasting increase in the circulating levels of IL-6 and TNF-a than do
patients without cirrhosis (33, 34). Here, significant detectable levels of IL-6
were found in the liver and control group periapical samples, although no
significant difference in IL-6 production was observed between the groups. IL-6
has been shown to play a protective role in periapical tissues. Endodontic
lesions from IL-6-deficient animals are larger than those from control mice (35).
Depletion of IL-6 also impairs immune cell recruitment to sites of infection and
macrophage differentiation, which weaken host defences against infectious
diseases (35).

MCP-1/CCL2 was similarly expressed in both groups and at each time
point, as demonstrated elsewhere (19). MCP-1 is a chemokine that possess
chemoattractant properties for a number of immune cells and mediates the
recruitment of monocytes in several inflammatory models and diseases (36).
MCP-1 is also associated with osteoclast chemotaxis and differentiation,
probably through its interactions with the CCR2 receptor. Increased MCP-1
MRNA expression was observed in patients who presented with acute and
refractory root canal treatment (16, 37).

Several studies have shown the role of IL-10 in periapical lesions, in
periodontal diseases (28-30) and in refractory endodontic lesions (16). IL-10 is
a cytokine that displays anti-inflammatory properties and plays a central role in
reducing infection by limiting the immune response to pathogens and thereby
preventing damage to the host (15). Using the same methodology of this study,
other authors observed a higher level of IL-10 mRNA expression in periapical
tissue after root canal cleaning in healthy individuals (15, 17, 28). However,
opposite results were observed herein, as no differences in mRNA IL-10
expression were observed in either group between both time points. This may

be explained by cross-immune regulation promoted by high expression of TNF-
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a observed on day 7 as well as a later initiation of regulation of the periapical
iImmune response. Perhaps, if we had investigated a later time point, we would
have revealed a more clear-cut noninflammatory scenario.

Vascular components are essential to periapical inflammatory responses.
Vascular endothelial growth factor (VEGF) is considered a key regulator of
vascular permeability and one of the major inducers of angiogenesis (38). In
this study, VEGF mRNA expression was observed in periapical lesions,
although VEGF expression did not change when the bacterial load was
restrained after cleaning and shaping root canal procedures in the control and
liver groups. According to Leonardi et al. (39), the expression of VEGF in
periapical lesions increases vascular permeability and is partially involved in the
accumulation of inflammatory cells and cyst fluid. Accordingly, Nonaka et al.
(40) concluded that the expression of VEGF is closely related to the intensity of
the inflammatory infiltrate in periapical inflammatory lesions.

Assessment revealed significantly increased AGT mRNA expression in
teeth with restrained bacterial loads (day 7) compared with samples from the
first collection in control individuals. Angiopoietins are groups of proteins that
participate in angiogenesis and lymphangiogenesis (41), in particular playing a
critical role in the initiation and stabilization of angiogenesis (42). Different types
of neuropeptides, including calcitonin gene-related peptide, neuropeptide Y,
substance P, and vasoactive intestinal polypeptide, can modify the expression
of the above-mentioned angiogenic growth factors secreted from pulp
fibroblasts and may modulate angiogenesis in periapical lesions (42).

There is considerable complexity in examining the impact of cytokine
signalling since cytokines have both destructive roles and important protective
functions in antibacterial defence (43). Although previous studies have found
impaired immunologic responses in individuals with CLD (44, 45), in this study,
CLD patients presented comparable immunologic ability, showing relatively
similar expression levels of cytokines, chemokines and angiogenic factors in
periapical samples when compared with non-CLD patients. Taken together, the
outcomes of this study suggest that liver impairment did not compromise the

periapical immune response.
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CONSIDERACOES FINAIS

Pode-se observar que: a) As principais doencas que levaram a
necessidade ou ao TCTH foram: as leucemias e 0 Mieloma Mdltiplo; b) as
principais doengas que levaram a necessidade ou ao TF foram a cirrose
hepatica e as hepatites virais; c¢) os individuos do sexo masculino
representaram a maioria em ambos os grupos de estudo; d) foi constatada a
necessidade de tratamento endodéntico, nos pacientes pré e pés TCTH, de
24.3% e 24.7% respectivamente; e) a necessidade de tratamento endoddntico
observada nos pacientes pré TF foi de 20.7%; f) a maioria dos pacientes
fazem uso de algum tipo de medicamento; g) os antibioticos representam a
medica¢cdo mais utilizada no grupo TCTH enquanto os diuréticos representam a
medicacdo mais utilizada no grupo TF; h) Individuos pré TCTH e pré TF,
apresentam baixa contagem de células, principalmente plaquetas e
hemoglobina; i) a expresséo génica das citocinas e quimiocinas demonstra que
0s pacientes pré TCTH possuem uma resposta similar a observada no grupo
controle; j) a quimiocina MCP-1 nao foi detectada no grupo pré TCTH; e i) a
expressdo génica das citocinas, quimiocinas e dos fatores angiogénicos foi

similar a observada no grupo controle.

Os resultados nos permite concluir que: a) a porcentagem de individuos
com necessidade de tratamento endoddntico nos grupos de estudo € elevada;
b) o uso de antibiético reportado pela maioria dos pacientes pés TCTH ilustra a
necessidade do controle de infec¢des na fase pés TCTH desses pacientes; c) a
maioria pré TCTH e pré TF apresentam baixa contagem de células, o que pode
estar relacionado com o comprometimento imune desses pacientes; d) a
expressao génica das citocinas e quimiocinas demonstra que 0s pacientes pré
TCTH apresentam uma resposta pro inflamatoria e anti-inflamatoria eficaz; e e)
a expressdo génica das citocinas, quimiocinas e dos fatores angiogénicos
sugere que o comprometimento hepéatico ndo compromete a resposta imune

periapical.
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Absfraet — 4w To assess the influence af co-colture with mineral mazxide
ageregate (WMTA) and MT A Fillape: (FLEX) an the wiability, adherence,
and phagocytods activity of paritons4l macraphages from twa mouss
strains.  Adethadalagy: Cellular viakility, adherence, and phagacytass of
Eacchararyoes howlardft were assayed mothe pressnce of capillares contain-
ing M TA and MTA Fillapse. The data were analymed nsng parametric
[Student's ¢) and non-parametric (Mann- Whitney) tests.  Hequis: FLPX
wds severcly cytatoxde and decreassd cell wiakility, adherence, and phaga-
cytic activity of both macrophage subtypes. Cells that were treated with
MTA Fillapex remained viable (=8%,) for anly 4 h after simulation.
Mlacraphages from 57816 mice presented higher adhersnce and higher
phagocyic activity compared wath macophages fram BATBf muce.  Core
chusion: Companson of MT A and FLEX effects upon macaphages mdi-
cates that FLFX may impair macrapha ge activity and wiability, while

MTA seeme to incredse phagocytic activity.
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A complete ssaling of the roat canal system after clean-
ng and shaping 1= cotwcal for 4 successful endodantic
treatment. RBaoaot canals are traditionally filled wath
gutta-percha coness and 4 root canal sealer. Bt is highly
demirable for sealers to ke biocompatible because they
can ke placed in intimate contact with pedapical Hzmes
thrangh the apical foramen and accessary communica-
tans (1). Mareaver, ssalers may reledss substances that
may generdte peridpical inflammatary reactions,
Mineral trioxde ageregate (MTA)] has besn exten-
avely studied and widely accepted for itz biocompati-
bility and excellmnt s=aling capacity (2—4). Bessarch has
demanstrated that MTA hazs better proprieties in terms
of roat pepair and bone formation when compared
with ather cammmonly wsed material (3). Despite favar-
able characteristics, MTA does not pressnt physical
prapristies ta be used 4z a smaler due ta itz long ssthing
tme and the difficulty of handing it in roat canal. In

390

an atternpt to combine the physicochemical properties
of the root canal sedler wath the hiological propertiess
af MTA, an MTA-bazed sealer (MTA Fillapex™ Ange-
s, Tondrna, Parand, Brazl) was introduced to the
market.

Macraphages are key cells for inflammation during
chromic. ar healing pracesses (6], Liacophages were
divided inta twa distmet cells types, M1 and B2, based
an their receptor relationship, effectar function, and
cytokine production [7-12). M1 macrophages subtype
tymcally praduce high concentrations of interlenkim
I-12 and law cancentrations af TL-10, whereas B2
cells sacrete high concentrabaons of IL-10 and lovw levels
of the cytokine IL-12 (8, 9, 13, 14). Maregver, in ma-
mflammatary M1 cells, high lewel: of inductive nitrc
acide synthase [(ANGS) result in Gtrulline and nitoc
meide (WO praduction. Converssly, m M2 calls, argi-
mne metabohan leads to armtine and wea producton
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that culminates in collagen synthesis and cel pralifera-
tian (14, 13, 16).

Il rn.a::ruphage.s mediate resstance to pathﬂgm.s
(17, while MZ macraphages are inwolved in healing
pracess (7, & 18],

Diespite. f:,w studies have analyzed the cytataxidty af
MTA Fillapex, no anz has looked for itz effectz an
macraphage viability and activity. This study assessed
the influence of MTA and MTA Fillaps: an M1 and
MZE macrophages wability, adherence, and phagocytic
actiaty.

Materials and methods

Mi e

Male and female 4- ta §-weck-old CSTBLJE and Balkjc
mice were abtained fram CEBIG (UFRMT, Bela Haon-
zante, Brazil) and kept m 2 conventional animal honss

with barrers, temperature, and light cantral. Food and
wrater were offered a4 fbitven,

|50 Etion of machp rges

Cells wrere isolated from the pentonsal caviy af
C37HL{6 (M1 macaphages) and Balkfc (M2 macro-
phage) mice 5 days after injection aof 2 ml of 1%, thia-
ghycalate medinm (Biokrds 5.4, Blontes Claras, MG,
Brazl) in the pertoneum. Cklls were resuspended in
campkte medinm: REMI 1640 (Sigma Chemicals Ca.,
St Lowis, MO, USA), supplementsd with 18% af fefal
calf serum Ifl\Tuth:c]l Canpinas, 9F, Bra=il), 0.1% aof
a0small ¥ P -mercaptacthanal [Sl,gma Chemicalz
Ca), 02% aof pemiallin (100 Uml *)streptomypein
(0.1 mg ml *), and 2% mmal 1 * L-glutamine [18).

MTA ard MTA Fillapes nidnipu iation

MTA and MTA :Fﬂla.pcx [FLEX) were pmpa.rod in
accardance with manufadures instructons in sterils
conditions. Saan after preparation, MTA and FLEX
were inserted mta the tips of previowsly sectioned steril-
wed capllary tubes [test group), so that their contact
with the cell ian cowld be standardized [18).
Empty capillary tubss were used in cantral cultures.

Tl wriability

The -iability af czlls was determinsd by tara methods:
the trypan blue mcchision assay and MTT assay. Cell
viability 4zzayed by trypan blue exdugon was per-
farmed in 24-well culture plates ['2x 1F cells ml
far 2, 4, 6, & 10, and 24 h) and in propylens tubes
[1 % 167 cells ml * for 24 b, ac descibed by athers
(3, 18). Bridfly, cdls were incubated in the presence of
capillary tubes, in 1 ml of REMI (Sigma Chemical
Ca) contaming 10% fetal calf ss=mum [MNutreell,
Cel.'l'rlpl:n,a.si @, :Brazl) 2 mbd af I__glutarrnru:. and 100
units ml * af and 1 pg ml ' of strepto-
mycin at 372 and S% 02 humidified atmaosphers.
After the incubation perads, 100 pl af 0.23% trypan
Elue (Sigma Chemical Ca) in salme was added and

& N15 John Wiley & Sons A0S Pubhzhed by John Wiley & Sons Lid
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cultures were sxamined under an inwverted micrascope.
At least 300 cells were counted per culture (perfarmed
in troplicates), and results weae expressed as percent-
age of wvighility, The experiment was repeated thres
tmmes.

Additianally, cell viability was ilso determined uang
the 3[4, 3-dimethylthiaml-2-y1)-2, 5-diphenyl tetrazalium
bromide [MTT) azsay [Sigma-Aldrch, St Lowms, MO,
T5A].

The wviability of cclls in the presence af capillary
tubes was tested by colturng 1 2c 18° cells in 96-well
culture plates for 24 h. 100 pl of BEMI 1640 supple-
mented with 10%, fetal buvmc serum, paicilling and
streptamycin containing 1 1% chls,."\ac.ll and the cap-
lanes tubes were sseded o 96wl plates and mncu-
bated for 24 h oat 37°C. After 24 h, colture medium
was remaved, and the czlls weze g:,nﬂ)- vashed with
phasphate-buffered zaline (FBS). A vulu:m af 140 ml
af MTT-succinate salubion (1 mg ml ] was added ta
each well, and cells weere incubated for an additianal
4 h. The resulting formazan crystals were dissolved
when remavimng the culture medinm and adding 100 ml
af dimethyl sulfoxdds zalvent [(Sigma-Aldnch) ta sach
wrell.

The abzarbance was measured 4t 340 nm nadng 4 mi-
craplate reader [[Bio-Tek Paweri@awe HT US54, Win-
naaaki, T, USA). The formazin cantert af each well
wras computed 45 4 percentage of the cantral graug (19).
The results were mpressed as the percentage wiakility.
The stperiments were repeated thres times in triplicate.

Tl adherende

Pulyprup?lcm tubes contiinng macrophages (1 104

ml ] were incubated for 2 h with capillades
['I\-'TTA FLPX, and control groups) in an incobator
with hu.mi.d.iﬁcd atmasphers contaimng 3% OO, at
37°C, Tubes were agitated in 4 vartex agitatar far 13 5,
at law speed. Twenty micraltters of the cellular mspen-
san was remaved, placed into 4 Newbauea chamber,
and incubated for 1 hoat 37°C as abovwe. The percent-
age af adherent and non-adherent macrophages was
then established by counting under an aptical micra-
szape [20).

P g0 eytosis assay

Macrophages [1 10F cells ml ) were incubated far
Z2h m Z4-well culture plates (Muonclon, MNalge Munc
International, Mismi, FL, U54), anta round glass cow
erzlips ((lazstéoica Sio Paula, SP, Braml) in an incu-
bator a5 abowe. MNon-adherent cells were remaowed by
washing with warm complkte mediom, aftersrard
107 CFU of Socchargmyoer bowlaedii (Flaratil, Merck
S.A., Rio de Janera, BT, Bra=l) and capillanes wath
MTA and MTA Fillapex were added to the medium,
and plates weere incubated for 1 h An empty capillary
tube was added to cantral oaltures. Unbound peast
cells were remaved by washing with camplete medinm,
and the coverslips were covered for 1 min with 1 ml of
tannic aad at 1% (Merk, Biledca, MA, EUA) =a that
the distinction could be made between ectracellular
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and mtracelular peast cells. One drop af fetal calf
serum was applied anta each coverslip. The dred cow-
eralips were stained with Pandtico Rdpido (Labarcin
Lid, Pinhais, PR, Brazl) and glued to micrascope glass
alides with Entellan (Merk) for abservation under apti-
cal micrascape at 1000 magnification in ail immeraon
21). Cells wers counted until 2% macrophages wath
phagocyted yeast were found. The results  were
wpressed in percentage.

Statistical arahsis

Diata were analyred wang parametne (Student's t] and
non-parametric  (Mann-Whiney) tests (P < 0.03)
Analyses were made udng the 695 180 Inc. [Statisti-
cal Package for Sodal Sciences, Chicaga, I, (SA)
saftwrare.

Results

Cell vighbility

Wiabihty of cels is represemted in Fig. 1. Contral and
test group cells in the pressnce of MTA remained wia-
bl far 24 hin the 24-well culture plates for both mac-
raphages subtypes (Fig. 1a, B, az well in the propylene
tibes aszayed by trypan blue exclngon and mmothe
96wl culture plates assayed b BITT [data naot
shaowm). Om the other hand, FLEX was severely cyta-
taxi and remarkably decreased oAl wiabality when con-
tral vas compared to test group for both macrophages
[ = 0.03) (Fig. 1). However, L2 mubtype survived bet-
ter than M1 m the presence of FLEX (=003
Fig. lc shows the wability curve of both macrophage
agnatures: cells treated wath BTA Fillapex remained
vidble [=80%) anly 4h after stimolation. In this
regard, cell siabihity assayed by MTT shawe that, in
FLPX group, mare than %% of cells died 24 h after
rapillinies exposure [data nat showm). Very interesting
iz that MTA-reated cells shaw greater viability than

[ = 002) when cell wabadity was assayed by MTT
[data nat shawn).

Tk Il 0 P P Mo

01 macrophages, in cantral ar MT A group, pressnted
hgher  adherence  ababty  than M2 macrophage
[ = 0.0 (Fig. 2). Hawever, cell adherence aof bath

AR TEY]

o0 (k)

e af living mac raphages
.
.

Q T T y

Cdcord [T M MTA dlp=e

Fiy. 2. The percentage of lving macrophages (3] from
CHBLY% moc: {a) and macrophage: from BALRf: mice (b,
after MTT amay with caplhfies containing MTA or DT
Fillape:. The comtook were coltomed with empty capillres.
The cultores were nmantined for M h oas decnbed in
Iiaterials and Mlethods Bars mepresent the mean of thoee
ewperiments; lines represent the standard error of the means.
*ndicates a sEtstically significant difference betwesn proope
[ B (EY
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cultured with empty capilades. The
cultures were maintaned for 24 b as
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macraphages subtypes is impaired by FLEX (7 « 0.03)
when campared to MTA and contral graups.

Pragostic astivity

Herein, 1t was assayed the capagty af mouss pentanesal
cells ta uptake yeast cels (Fig. %), When M1 and M2
cantrol groups were compared, the M1 macrophages
showed statistically higher phagocetic ability than M2
macraphages (P = 0.033), in spite of cells bang treated
ar nat. Howewer, phagocytoms aciiaty of 8 Sowardi
was statistically impaired in the presence of FLEX in
bath macrophages subtypes (# < 0.03), as well az the
percentage of M1 cclls with ingested yeast was higher
than LI cells [ < 0.035).

Discussion

Successfnl roat canal treatment depends on the dlimi-
natian af intracanal infectan, fallowed by affactive and
biocarmpatible canal filling to avoid reanfection and iro-
tatimn af the periradicular tisme (2% Then, biocom-
patibility of the endodontic root canal ssala may be
ane af itz main requirements (23, 24).

hiacraphages prevail in mflammatary infiltrates in
responss ta sealers, alang with lymphacytes and plasma
callzs [23). Major functions of macaophages mchide
elirmnation af invading bacteria, recotment of ather
cells to the mte of infectian, clearance af the excess
neutrophils, production af cytokines and chemakines,
and activation aof the lymphocyte-mediated adaptive
immune respanse (6. Maoaphages, topether with nen-
tropluls, are responsble of phagooytoss and digestion
af mucroorgamsms and fareign aubstances thraugh sor-
face receptors that recogmize and bind certain surface
malecules of bacteria such as the hpopalysaccharides
[26]).

Usng a well-tested methodalogy (3, 12, 18), the
present  study  evaluated the macrophage immune
respanss ta MTA Fillapar and compared these results
with thase aof MTA The siakilty, adherence, and
phagocytc activity of M1 and M2 macraphages were
aszayed. These macrophages differ in terms of their
inherent receptars, expresdon af cytokines and
chemaokines, and effector functions, such that the B
macraphages are microbicidal and inflammatory and

= % B B

Cyptotoxicity of MTd-haged jealer 3

L
L3
*

A
®
4 4
. i
“ T T
M1 masrop ages M2 masrophages
[ Control  E2 MTA  EE MTA filapex

s EE

% of reacrmphages: with
phagoeyted yeast
i
1

Fig. 4. The percentage of macrophage: from CSTELS mice
fa) =nd mactophages fom BALEBR mice (I that wems
abamved to phagocytose weast, The controls wete cultured
with empty capilbres. The cultores wes performed as
deseribed in Materiak and Mdethods. Bars mpresent the mean
results of two espedments performed in toplicate. Lines
irdicate the standard errer of the means, *indicate a
statisteally significant difference: between grovps (P <0050,
#, O, and b indicate sipnificant differences  betwesn
Tacraphage soufes (P = 005,

the M2 macophapes are mmunaomodulatary and
poarly micabicidal (2, 7).

Macrophages were exposed to manipulated BTA
Fillapex and MTA i witrs, usng 4 previousy
dearibed system (18) that allows 4 cantrolled scposire
af cell cultures tao the sealer and MTA. FLEW remark-
ably degeise cell viabibty m all conditions tested.
Accardingly, ather studies hawe reparted that FIFX
reduced the ozl survival rates (27-29). To explain this

=d FLEX behaviar, it iz necessary ta realize
that it cantains torc components, as salicylate resin.
Previons studies evaluated the effect of salicylate rean
an human fibrosarcama cells line (HT-1081) and
abserved cellular apoptods after redn salicylate stimuli
(30, 31).

In thiz study, the mperb cell viability promated by
MTA when compared with cantral cells was abserved
far bath maoophapge mbtypes (B0 and ME), 45 pres-
ausly described (3). Sumlar MTA effects were reported
cancerming fibraklasts (22, 13), asteablasts (34, 25] and

o

% of adherent mRCrophages 5
% of adherent iRcraprages

Gantral A WA Tillagax
B Achecenl petl T Noo-adhensed oels

GO MTA NTA (Hlagar
W Acharealisln () Non-atrened s

Fig. & The percentape of adheremt mactophages fom CHTBLE mice {3) and mecsophage: from BALEf: mice b)), after
incobaton in palpropylens tobes with capilboe: containing WTA and WMTA Filapes. The controk wers cultomd with empty
capillares. The cultures wem pedormed as descobed in Materils and hethods. Bac epresent the mean msolts of four
ewpefiments perfomed in duplcate. Lines indicate the standand error of the means. *indicates a smtistically significant difference
between grovps (P - .05 #, @, and hindicate signifeant differnos between macraphage sauroes (P <0050
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macraphages cdlls (3, 11, 36). Conversely, cells treated
by FLPW remained wiable (>80%) far anly 4h
(Fig. 1c). This shart time af c=ll wiability determinsd
aur next sxperiments with macrophages adhersnce and
phagoeytaas. To pedfmm them, cells were mcubated
far 2 h, when the wviabiity of macrophage-treated by
FLPH waz high yet.

Adherence is the first step of the phapgocytic proosss
[37). Several studies that svalvate biocompatiblhty af
endodantic materal assayed macophige adherence
and spreading (18, 38). Heaes, BMTA Fillaper deaeised
the abiity af M1 and M2 macrophages to adhere to
glazs, clearly showing that this sealar is 4ble to impair
immune spstem responsss. Accordingly, it has being
shawn lower cell adhersnce values i the pressnce af
ZOE sedlers (12, 18, 39, as well as with ather end-
adomtic materials (402, Gn the ather hand, BTA
did not affect macrophage adherence, 4s previously
deseribed [3). Sirmlarly, MTA did not interfere in
adherance of asteablasts and an osteasarcama call line
(34, 381 Interectingly, when M1 and B cantral
graups were campared, M1 macrophages show statisti-
cally higher adherencs values than M2 anes.

Foot canal sealers are placed @mointimate contact
with periapcal tizmes that might be inflimed andfor
infacted, and it 1= fundamental that it does not interfere
with the hast's phagocytass process. In this study, the
capability of both macophage subtypes to ingest Sac
Sharamypces bowlardil was evaluated m the presence af
MTA Fillapex and MTA. Thizs weast was sslocted
because of its size, which makes counbng eager, and
therefore allows grester data precigson (3). The Bl
macraphages show statisheally ghe phagocytic akal-
ity than M2 macrophages in all groups tested Consis
tent with thiz resalt, (12) have reported that Bi2
macraphages treated by twa different zine amde—euge-
nalbased matenals also had ther phagooyhe actnaty
af & howardii reduced.

Conclusion

It has recently besn reported that MTA does nat inter-
fere in the fnmune responsss by M1 or B2 macra-
phagez (3, 110 On the atho hand, the endodontic
MTA-based sealer tested in this smdy, MTA Fillaper,
vwas severely cytotamc and remarkably deeazes M1 ar
ni macrophages wviability. Mareowr, FLEX alsa
impaired cell adheson properties and the phagocytic
ability of bath macrophages subtypes. The findngs af
thiz study infer that MTA Fillapex may deacass the
ability of macrophages and interfere with the healing
of an endadantic treatment. The compogtion needs ta
be re-evaluated in fiture studies ta determine what
campanent or combination or components may be
cauang the negative effects. In addition, further animal
ar i viva studies are required to determine whether the
autcome af treatment is affectad.
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The effects of a mineral trioxide aggregate-based
sealer on the production of reactive oxygen
species, nitrogen species and cytokines by two

macrophage subtypes
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Abstract

Braga J. Oliveim RR. Martins RC, Ribeiro
Sobrinho AP. The =ffesiz of a minaral trizvide aggregats
based zealer an ithe produciien of raclive axygen species,
nitragan spacias and oyiakinas by s macraphage subtypes,
fniernational Endodani’c Jourmat.

Aim To test the offects of a mineral tricedde
apprepate-based sealer MITA Fillape™ and WiTA
MTA-Angens™) sn wiability ans on the produstion
of optokines, reactive oypen spedes [BOS) and
nitropen spedes WO by WO and W2 ndlananatory
masrophages.

Mothedology M1 [fom CSPELSS mice) and M2
[frorn BALEfe mice) peritoneal milammatory maao-
phages were obtained and sultured in pitrs I the
presence of original and diluted ectracts of MTA and
WIT2 Fillapme [FLEX). The el wiability, BOS release
and the releaze of turnonr necrosis faator-a, interlan-
kn [ILX12, I-12 and M0 in response to stirmlation
with mterferon-p and Fussbasterium nuslagum oo
FPeptastreptaagasus anderafius were evaluated. The data

were analysed using the hMann-Whitney test and
Student's -test.

Results Filapex was gptotowic at the hiphest com-
contrations (1 :1;1 : 2} and decreased the wiability
[F = 0.05) of both macrophage types [<20%) WMTA
fid nat interfere uith cellular wiability. FLEX nhibired
the releaze of BOS and deareased MO releasze in
F. nuciaatum and P. aaerabivs -stimulated W1 and
Nz masrophapes (€25 p ool L 1. F. nuchartum—stimn-
ulated WZ masrophape culbrures releazed lower kewels
of THF-z when FLFX was added [£1 ng ol 1) M2
mmacrophapes relsased higher (=5 ng ml ') levels of
IL-12 than M1 mastophages. Only M1 mastophage
cultures prodused IL-12p70.

Lonclusions Fillapm: fmpaired  sffsstor  imoroune
resprnses durng inflareraation (W1 masrophapes), as
well as during healing M2 macrophapes) responses.

Keywaords: binerrop athility, sytokcines, rmasrophages,
WTA and WMTA Fillapex sealer, nitopen species, reactive
CHFEETL species.

Rereived 22 [uly 2023 aospted 16 Detnber 2023

Intreduction

Snecessful root canal treatment aomsists of eleaning
ang shaping procedures followes by filking of the oot

Carmspardanee: Antania P Ribeira Sabrinha, Departarmerita
da Odontalagia Restauradora, FacoMade de Odantaligia,
Univeridade Fedoral de Mlnas Cerak, Av, Antania Cada
BE2F, CEF 20.161-%70, Bel Barkawte, RE, Erasl {fe-mail:
sabrinha hheEterra care bic.
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canal with potta-percha and sealer. Independent of
the physicocherical properties of the sealers, if these
mnaterials are not bineoropatible, it ean canse depener-
ation of the periapical tizme and delay wound healing
Miurray et af. ZDOF, Sousa et af. ZDD9). Fecenty,
WT4 Fillaper [Anpelus, Lendrina, FR, EBramil), an
MTA-basesd sealer, was introduces in the market in
an atteropt to aomabine the physicochernical properties
of a root canal sealer with the bislopical properties of
Mineral Trioddde Agpregate MITA) [Torabingad &

Inten aganal Srdadants Josnal
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Chivian 1999, Bezende of a. 2007, Scarparo ef ai.
20100 It has been demonstrated that WTA has better
[roperties in tams of root repair and bone forrnation
when corpared with other commmeonly used materials
mueh as intermediate Testorative roaterial (TRWT; Dents-
ply, Mlrd, DE, T5A), plass bnomer and reinfreed
Tine mde—engenol cement [Super-EBA; Harry |. Bos-
uorth Comopany, Skokie, IL, 1154) (Torabinejas et a.
1995, 1998). Freviously, it has been showm that
WMTA Soes not affet the astivity of macrsphapges.
Were specifically, WMTA did not effect the antbacterial
activiies of either W1- o WiZ-type macrophages,
including bacterial phapooytosis, Teactive oxppen and
nitrogen spedies produstion or arginase actvity [Fez-
e ot af. 2005). It has alsn been shoum that WTA
upregulated the adaptive hurnoral fnrouns responses
but had litde or no effeat on pro- or anti-indlatoroa-
oy oykine produstion by memory T cdls [Rermnde
et ai. 2DDE).

Frequently, toot canal sealers mitrude or sontast
periapical tissues beypond the apical foramen, and these
sealers can oocasionally canse tissne inflamamation. In
thiz latter condition, the reauitreent of inflarornarory
celle and the release of pro-indlaromatory and immoune
regulatrry aytolines have semirred [Stashenks et ai.
1998, de Brito <t ai. 2D12). Macrophages predor-
nated ameong the cells that were rectnites to this area
[Wan Dyke 2D0E, Hasturk <t af. 2012). The main fone-
tinns of macrapha pes inchde the elimination of invad-
g bacteria, recruittent of other cellk to the site of
infection, clearanee of excess nentraphils, praduction of
cptokines and cheraokines and actvaton of the lymo-
phocyte-mediated adaptive imrmne response [Taplar
et af. 2005, Hasturk et ai. 20120

Macrophapes were divided into the M1 and M2
subtypes based on their receptor relationship, effectr
fonetion angd eytoline production (il et ai. D00,
Bastos ef af. 2002, Ferende et ai. 2005, de Olivera
Wendes et ai. 20109 The N macrophape subtype
typically produces hiph eoneentrations of interlenkin
[L¥12 and lowr aonecentrations of O-10, whereas M2
aell seorete hiph concentrations of IL-10 ang lowr lew-
gs of I-12 [Bastos et of. 2002, Mantovani et a.
D02, Verreck etal. 2004, Edwards et al. 2DDA).
Moreower, in pro-inflancenatory WO cells, high lewels
of mdnetve nittie cdde synthase [PAOS) result in cit-
milline and nitrie cxdde (M) production. In W2 cells,
arginine metabolisn leads to crnithine and urea pro-
fustiom, which enlminates in anllagen synthesiz ang
cell prolifeation [Bopdan <f af. 1991, Mosser 2003,
Eronte & Zanowello 20050

Winsrahonal Sl odonhe Joeral

The air of this study was to Setammine the effeats of
WT& Fillapex [Anpelns, Londrina, FR, Brazll and
white MTA [Anpeus) on M1 and W& rmaaophage
viabilities, Additicnally, the effects of these materiaks on
aytokine produstion and therelease of reastive ouygen
species and nitropen species by both maacophages ppes
were assessed. The null hypothesis was that the assosa-
ation of the endodontic sealer with MTA did not affect
maarophage responses,

Mararials and mathotls

hdice

Male and fernale CSTELAE angd BALESs miise beturesn
4-8 weeks of ape wers obtained from CERIO (TTFRIG,
Eeln Herizomte, Brarl) and kept m a conwentiomal

anirnal housze with barriers, twemperature ang light
control. Food and water were offeresd ad fifitum.

Isolation of macrophages

Cells were izolated fromn the perittmeal cavity of 12
CS7ELSA (M1 maaophages) and 12 BALE/: M2 mas-
rophape) taire 5 Says after peritoneal injestinn of 2 ol
of 3% thisglweslate roedium [Bicbris 5.4., Montes Cla-
ras, MG, Braml). Mice were killed by decapitation, exs-
anpuinated, ang 10 ml of sterile BFLI moedinr [Sipraa
Chemical Co., St Lowis, WO, TI5A) were guickly
injested into the peritoneal cavity using a syringe and
an 18-gauge needle. Cells urere resovered from the peri-
toneal cavity by aspirating back the mediurn contain-
ing the inflatnmaatory cells. Over 90% of the resovered
cell had raorphalopical charasteristics of aaophapes
when wvimaleed by optcal microscopy. Cells were
resuspended in commplete medinm: FEWVIT 1640 [Sigma
Chernicals Co.), supplernentes whith 10% foetal calf
serurn [Mutrieell Campinas, SF, Bramly, ©.1% of
005 ol L 1 frroercaptethancl [Sipma Chernicals
Co), 02% peniellin (100 U ol Y/streptorayein
(01 mg ol % and 200 m ol L ! wghtamine [de
Jliveira hlsndes et o 20D3). The sxperimental proto-
zol was approved by the aninal ethiss comooittes
[1014201 &, CETEAMIFRIG).

Preparation of extracts

MT& and MTA Fillapme™ [FLFX) were manipulated
under sterile srmditions asertding to rmanofastires’
instructions  and iserted inte  serle 16.Z-rom-
diamneter Zdwell plates, inmnediately after mocmp.

OAE Inearanianal Srdodarric Jlasnal. Aubsliswd by dakn VWley & Sars Led
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SBnbseguenty, the plates were menbated at 37 *C for
4 h. Aferurards, spedreens were then cowered with
2.5 ol EFMI 1640 [Sigma Chemicals $o.) supple-
mented with 10% foetal bovine semrn, penidlling and
streptomnyein and nenbated for 24 h at 37 °C After
inmbatinn, these original extrasts (1 : 1) were then
serially dluted (1 02,1 :4,1:8 1:16and1:32)
in cell multure medm before testing .

{ytotoxvicity testing

Viability of cells in the presence of extracts, in original
or serial dimtions, was tested by altmrng 1 x 108
cells in 96-mrell cultire plates for 4 and 72 h, in
100 pL of RFMI 1640 supplementes with 109 fetal
bowine serurn, pemicillin and streptorapem at 37 U0
The aslls wrare sxposed o 200 pl of the sxtracts in a
total voluree of 300 pL. After 24 h, cell survival wras
deermninesd using the 3-[4, 5-dimethylthiazal-2-31-2 ,5-
diphenyl tetrazoliurn bromedde [(WITT) assay [SipToa-
Aldrich) (wan de Loosdresht et o 199 1) The resulis
were expressesd as the percentape of vwiable cells
Experinents wers Ieproduced in triplicate.

DMicroarganism prepar atian

To induce turaour neaoss factar (TWF), reactve ooy-
EeNL species [R5, IL-12, IL-1D and MO, root canal
pathopens wrere selected: Fusshasterium  nucdastum
[ATCE 1D653), a pramenegative basteriurn, ansd
Peptastreptocaceus andersbive [ATOS 273370, 2 pram-
positive. bacterm. Zymosan & from Sascharomyees
cerevisiae [Sigroa Cherndeal Co.) was used as 2 positive
control for the BOS assay (Feende o af. 20070

The mitrosrpanisns were prowm i brain hearr
infirsion broth (BHI; Difeo, Detroit, W, [I5A), supple-
mented and pre-reduced [BHI-FEAS) in an anaersbis
charaber [Formoa Scientifis, haretta, OH, TISA) con-
faining an atrosphere composed of 85% Mo, 10% Hy
ang 5% 05 fr 48 h at 37 *C. The samples weere
adjusted in phosphate-buffered saline [FES) o a con-
centration of 8 x 107 CFI ml. ' To Kl the basteria,
the maethodolopy proposed by Ribeirs Sobrinho et ol
[Z0DE) was used. Zyroosan & was diloted in FES [10°
parficdles tal. Y [Trusk et ai. 1978,

Reactive oxygen intermediates assay

Practive oxypen species were assayed as deseribed by
Trmsk et af. [1978) with slight modifisations. WMaaa-
phages (1 % 107 cellsiuell) wrere ransfared o 2 £96

BITIE Ireatational Srdsdornic Jostal, AliSeed by Jan Wley & 5o Led

White Maxisorp [Malpene, Bochester, MY, TISA) plate
in & totadl wohmme of DD L that conteined:
005 ool L ! lumninal, diluted sxtrast (1040 and
107 myrnnsan partices [Siproa Cherical o) in REWI
1640 without phenol red. Diluted extract was not
used in eontral proups. The plates were read m o a
lurcinareter every @ rodn for a total of 118 min [Lu-
miCount Fackard Instrurent Company, Deuwmers
Growe, IL, TBA). The results uere expressed as the
area under sach of the curves, The siperiments were
performoes three tirnes M triplicate.

{ell culture and cytoldne asays

Fussbasteriusn  nuslantuw and  Deptastreptacsccus
amsrabive [187 TFC ral. ') preparations were added
o Zé-well plates MWunclon) confining a perironeal
26l suspension [2 x 10° ocelsfuell) and the dited
extract [1:4) in the presence or absece of
10 U wl ' of recorcbinant rurine interferon [FH-p
[Fharmingern, San Tiego, T4, TRA), n 2 fmal wohime
of 1 ral. Flates wrers incubated for 24 h o assay for
THF and I-1Z production and Hr 72 h © assay for
I-10 and MO production. Supernatants were har-
wested, and eytokine readings were performoed. The
experients were performoed two times noguadmpli-
cate to aszay the IL-1D, IL-12 and TWF production
and three times n triplisate to assay MO produstion,

The data wrere analysed using parametric [Stdent's
t-wst)  and nonpararetie  [hlann-Whineyy tests
[F = 0.05). Analyses were carried out using SESS
180 Ime. softurare [Smtistinal Fackage $r Social
Seiences, Chicapo, IL, TT54).

Razults

LCell Viability

Cell wiahility using MIT & demonstrated in Fig. 1.
When the control proup was compared to the test
proup, FLFX sealear was oytotoede at the highest con-
centrations (1 : 1, 1: 2) and signifieantly Sesreased
the wiabiity of both macrophage types (<2000 at
24 hand 72 h after stirmlation [P < ©.05). Howeser,
cells treated with diluted FLFX extracts [1: 4, 1 8)
reroained wiable [B0%) for 24 h and 72 h. (Fip. la,
bh. Macrophapes of both subtypes remained wiable
(B after stirmulation with diluted WMTA extracts

Iroest 2ianal Sdadan e Josral
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Fiigure 1 Pementags of living M1 rwacraphage {2 and « and M2 macmphages boaed 4} afer expanue to sdracts and arpa-
nied accarding to type of dilutian, Cell cultoms were sgased ta odginal edeacts 1 0 1} and to sedally diluted scteacts far
22 h O and fr 72 h M. Calumns represent the wean cell viability sspremed as parentages. Black stam {&] indicate significant

differances hetirean estment with arginal amd dlued scact.

1:1,1:2 1:4 and 1:8) [Fig. led) Mo diffr-
enees wers found betursen the wiabilities of MO and
W& Tnacrophapes.

RS assay

Analysis of the area under sach OS5 production surwe
shomred that syronsan stimulated sipnificanty hipher
respiratery  bursts (2= D05 for M2 maaophapes
=200 D00 BLIN compared to W1 masaophages
[Fig. 2). Fig. & demonstrates that FLEX sealer inhibited
the release of BOS by M1 and M2 maaophages
[F £0.05). Additionally, FLFX sealer signifisandy
deareases ROSrelease (250 DOD BLIT) in myrocsan-stmn-
ulated cultures (£ < 0.0001). MTA treatment did naot
affeet BOS release by M2 roaaophapes; howrever, Lourer
levels of PO8 were abserved in mymaosan-stimulated M1
maaophages (<50 000 BLIN compared to the sontrol
[*50 DD BLID proup (P < D004,

WO release

W1 and M2 maaophages released simnilar lewels of
M in all of the condiions examined. The only excep-

hoerahiahdl Sedadthie JosTal

ticn was observed I Peptestreplecsoous anderabius-
stirrmlated W2 maacrophapes, wrhere high amounts of
WO =30 p ol LY were ohserved (B £ 0046 WO
release by M1 and M2 cells was inereased when [FH-
1 was added to the mltures (Fig. 3. The addition of
Fusshactarivm nudattum-stirnulated cells indused MO
release, and these levels were higher when FR-p was
asted tw the mlure WMTA desreased MO releasze
(<150 pmel L B m M1 F. nusdatum-stimulaes ol
tures with FM-p stiromli [F = 00010 As abserved for
FOS5, FLFX sealer deereazed MK release (<20 p ool
L Y in F. nudettum and F. anaersfive stimulated W
and W macrophages (£ < 005

TNE-a

M2 masaophapes released higher kevels of TWF - comm-
pared to M1 magophages in all of the sondiiens
tested (P £ D.05) (Fig. 4). FLFX sealer indnced THF-2
release [+0.5 ngml Y in . ansersbiusstirnlated
M1 macrophape cultures i the presence of IFR-p
[F=D0.05) [Fig 4a). TNF-2 release by F. nucetum-
stirmlated W1 edls was not influeneed by the pres-
ence of FLFX sealer. Howrever, FLFX sealar deareased
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TF-o release 1.0 ngml 1) @ the presmes or
absence of FI-y in F. nuwsiamwa-stirmlated M2 mac-
rophapes (B < D.0OS5) (Fig. 4b).

IL-12p70

IL-1Zp70 release was Setected only in M1 macro-
rhages. FLFX sealer did not interfere with IT-12p70
release in any condition as cornpared with the contral
Eroups. AN exception was obserwed in F. angerabius-

stirrmlates cells, which inecreased IL-12p7F0 relsase
[=0.5 ng L ') in the presance of FM-p (P < D050
WTA sipnifiantly stroulated O-12p7D release by Wil
maaophapes in all conditions (P < D.05) eespt for
F. nucies um-stirmlates enltures [Fig. 5).

11-1D

Fipure & shemes that W2 macrophapes released hipher
lexels of IL-10 than W1 maaophages in all sonditions
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tested [P < D.05). FLFX sealer stirmulated the release
of I-10 by WO and WE rmacrophages n F. anaergbi-
w-stirnnlatesd rmacrophapes cultires in the presmes
or absenes of Fl-p. MTA also stimulated II-10
release (>S5 0ng ml B by NWE mastophages in
P, maersbivy and F. nucdattum  stinolated cultures
[Fig. 8). WiZ mmaerophages that were pre-incubated
with MTA ertrast and subsequenty treatesd with
F. nugdattun antipen m the absenes of IFN-0 released
the highest lewek of IL-10 (150 ngml %)
[ < £.D5) [Fig. 6b).

Discussion

Studies to assay the effests of root canal sealers em
macrophape function prowide important knowledpe
about the innate and adaptive irmoune responses in
inflataed periapical tissuer surrounding teeth sub-
jeated to endodontic teatments (Ferass et af, 2004,
Prrende of i, 2005, Sonsa of a. 2009, de Oliveira
Mendes ot ai. 20100, Professional antipen-presenting
cells [AFCs) such as moaerophapes ingest foreipn parti-
cles, induding infectious apents and celnlar debriz
[opitar-Jerala 2006, Hasturk e af. 2012). Seweral
studies have showm that endodentis materials aan
iropair the phapoeyte activities of perapical APCs
[Lee et af. 2007, Sousa e af. 2009, de Oliveira Men-
des et af. 2010, Brackett ot of. 2011).

In thiz study, a few parametss of the mnate
irroune  resprmse (WO and W2 mactephape
responses) to WITA Fillape:, a new oot canal sealer,
and MTA were analysed, Moreover, ther response in
the presemee of root canal pathopens was ako
aszaved. The magophape response © sealers during
the milammation [W1 masrophages) and healing (W2
rnacrophages) processes was also sxplored.

The fust step was o analyss ccll wiability in the
rresence of sealers. A= previonsly sheowm [Berende
et af. 2005, MTA did not affeer W1 or M2 macro-
thape wiahility. Howewer, FLEX sealer signifiantly
Seereazed oell wiakility of both maaophape mbtypes
after stinmlation with high sitrast coneentrations
[1:1, 1:2) Bin etal (2012) obserwes simoilar
results when using coipinal and sedally  dited
extrasts of these sealers. Seweral other pronps hawe
confrrnes these fmdings [Salles et . 2012, Scelra
et af. 2012, Silva et o, 2013). MTA Fillapex [Ange-
lus) armtains tris somponents, such as salivlate
resin, dilting resin, natural resin, bisrounth tricedde,
nanoparticnlated =liza, pigroents, which cold be
responsible for the negative outeones observed (Statk
et al 2001, Mahdi et of. 2006, Fara-Jumior et df.
201%). After analysing these findings, it wras deter-
rines that the best coneentration of FLFX and MTA
was 1% [1:4) because this ratio did not interkre
with maaophape viabdity.
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The iz profile isinwalwed in the propression of mfee-
tious diseases az well as in the healing process [Benoit
et al. 2008, de Oliveira Mendes ot a. 2010). Collagen
synthesis and cell prolifration is associated with T-10
production [Kawashirna & Stashenks 1999). Interlen-
HHn-10 mduces tissne homeostasis, which leads to the
inhikition of pro-inflararnatory extokine production by
astivated T aells and masrophages [Kawrashima et ai.
18594, Stashenka et af. 1998, Gerber & hhsser 2000,
Borish & Steinke 2003, de Brit et af 2012). As
expeated, M2 macrophages produced higher levels of
IL-10 than 4id W1 macrophapes. FLFX sealer stir-
lated the pradnction of IL-10 by M1 and M2 maao-
phagesin F. aaersbius-stirmlates cells cnltures m the
presenice or atsence of IFM-p, Meoreower, MR macao-
phages that were pre-inoubated with WTA extract and
subsequently treated with F. nuslattun antipen in the
abzenee of IFM-y prodused the highest levek of IL-10
[P = D.OS5) (Fig. 4b). Frewiously, it was deronstrated
that M2 maaophapes treated with F. nusenun m the
absmnee of the sealers praduced higher levels of T-10
than did W11 masrophapes under the same conditions
[de Oliveira Mendeset af. 20100,

Finally, in previous smdies [Femnde of of. 005,
2007, de Oliveira Mendes et of. 20109, capillary tubes
hawe been used as containers for the sealers becanse they
allnwr $or 2 sirndlar pattern and 2 constant area of expo-
sure of the peritoneal celk. In thes seumstanses, the
lowr cellular wiability [<50%) was obsarved in the pres-
ence of FLEX after 24 h of naibation (data not showm).
Thiz lewel of aelnlar viability 4id not allowr at evaluating
the effect of FLEX sealer on THF and IL-12 produetion
(24 h), and to azmy for L-10 and W0 produstion
72 h). Henoe, the cells were eposed to FLEFX and MTA
gxtrasts as proposed by Bmoet al. (2012). Interestingly,
FLFX sealer extract was oytotzeds at the highest soncen-
tratioms [1:1, 1:2)at 24 h and 72 h after stimoula-
tion. horeover, in spite of it beng dernonstrated that the
setting tire does not significantly nfluence the avtotos-
idity of the material [Bals D04, Se Jliveira Wlendes
2t al. 2003, both moaterials were covered with agueous
salution of BFMI medinm after setting. Howrever, FLEX
szaler i & newly released product in the raarket, ang
cornprehenave clinical studies aw necsssary o comnpare
the physinlogical response of this sealer to the in vitrs
results obtained in the presant smdy .

Conclusions
This in ritrs mwestipatirn showed that the assodation
of Toot canal sealer with WMTA did not imgprove the

BITIE Ireatational Srdsdornic Jostal, AliSeed by Jan Wley & 5o Led

FLFX hinlopical properties: FLEX impaited effector
irrroune responses during milararnaton Ml mmacro-
thages), as well as during healing (M2 maophages)
TESPOTIEES.
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The seeretory actvity of stronlated macophages
wms investipatwed using this sealer concentration. After
being phagoeytised, microorganisos are klled wia
FOS and MO production [Sarda & Stein 2006, de
Oliveira Mendes et af. 20109, Thergore, whether seal-
ors would interfere with this response in the presenes
or absenee of endodontc pathopens or TyTaosan
[peast positive sontral for FAOS) was analysed.

Both mnacrophapes subtypes produced sipnificant
amnounts of BOS in response to spmoosan, although
W& masrophapes produced preater lewels than WO
celle [P+ D.D5). FLFX sealer inhibited the produstion
of BOS by M1 and M@ masophages. In contrast,
Carnarpa et al. [2009) found that the BOS produstion
was Maeased in response to other sealas much as
Epiphany [Fentren Clinital Technolopies, Wallingford,
T, 1154, Acrozeal [Septodont, Saint Maur des Fosses,
Franece) and AH Flus [Dentsply De Trey, Nonstanz,
Serraany). WTA did not affet BOS produetion by Wl
raaophages. However, mymncsan-stiroulated W1 cells
produces lower lewek of BOS with WMTA treatroent
aornpared to the contral proup. This interesting result
was previously observed fr M1 macrophages treated
with EWT Fulp Canal sealer [de dlivera WMendes et ai.
20100, even though others have showm that MTA
treatrnent does not affeet BOS production [Resende
at of. 2007, Camargo < af. 2009).

The FLFX sealer decreazsd MO production by WO
and M2 magophages in F. nwidaatwn and P, anasrsbi-
us-treated sells. ¥ochina of o, (20130 reportesd Lowr lew
els of MO in fibroblast eulture supematants afrer FLEX
mrtrasts were added. In eontrast, MO produetion b
bacteria-treates W1 and Mz macrophapes inaeased
when IFM-p was added to the cultures, as desaibed
glepurhere [Fezense ot ail 2007, de Oliveita Wlendes
et i, 2D10). As deseribed prewiously, there was no
differen ae. in WA produstion with WTA treatrnent when
cornpares with the contral proup (Beende et a.
2007). Taken together, these results show that FLEX
sealer frapairs the iroroime respanse apamst adodonts
pathopens and deereases MO and BOS production.

Fro-inflararnatery mediators, sush as sytolines and
riierobial challenpe, are responsible for the chanpes
that oceur in inflamed pedapical tissues [Stashenko
ot ai. 1898) hWaecrophapes secrete a nurober of ayto-
kines that perpetuate inflarnrcation or ditect healing
processes [Sjopren ef af. 1998, Brackett ot . 2011).
Therefore, whether FLEX sealer interferss urith THF -,
IL-12 ang IL-12 produstion by both masrophage sub-
types was of interest. These aytokines are inwolwed n
the onzet of the inflararatory processes [THF-a), o

hoerahiahdl Sedadthie JosTal

the interermnestion of the innate and adaptive
irarnune responses (IL-12) or in irroune regulation
[IL-13%. Heat-killed basteria and IFM-y stmuli were
added m cell miltires to reproduce dinical sonditions
because anaerobic basteria and other oytokines are
frequently fund in eompromdsed periapical tissues
[Fezende ot ai. 2005).

The major physiological funetions of THF-2 are o
induce nentraphil and macgophape mipration @ the
dte of the infestion and activate these cell to Kl
microorganisms  (Locksley et gl 2001, Manthoulea
at . 2004 it aleo indirectly ndnees osteoclast activa-
ticn [Stashenks 1990, Wang o af. 1997, Madel ot af.
201%) In contrast to a previons study, Wz maasrophap-
£s produced hipher lewels of THF-u than M1 masro-
rhapes [Berende ot af. 2005 FLFX sealer indueced
TF-a production in P, arnderstius-stite la ted W1 mas-
raphages sultured in the presense of IFM-y [F < 0.05).
Howrewer, THF-2 production by F.onucieatu m-stitonlated
M1 cells was not miluenced by the presence of FLEX
sealer. The opposite was observed in W2 aells: FLEX
sealer sipnificandy decreazed TWF-u production in
F. nuslen wa-stirmlated cells sulured in the presence
or absenee. of TPy . Other studies hawe ako fund that
THF-2 production by macophages was impaired by
sealers [Ferassiet af. 2004, Brackett of af. 2009, Sonsa
ot . 2009, de Oliveira Mendes ot of . 20100, Moreower,
MT2 did not have negative effects on THF-2 production
by 1 and M2 masrophapges, as demonstrated by oth-
ers [Femende ot af. 2005, 20071 These resnlrs suppest
that in the absence of residual infetion, MTA ang
FLFX sealers do not interfere with the prodnetion of
TIF-a by either roa-oopha e subtype.

Interlenkin-12 is a pro-inflamamatory cytokine that
promostes aelbrediates itaroine responses in indlarn-
matory and mfetious disorders, Additiomally, it fune-
tioms as a link between the inmate and the adaptive
antigen-specific responses [(Trinchieri & Seott 1995).
As predicted, M2 did not produce IL-12pF0 avtokine
in thiz study. The pram- negative basteria, F. nuakas-
tus, stirnulated W1 macrophapes = produce hipher
lewels of IL-12p 70 FLFX sealer did not interfere urith
IL-12p70 produstion, althouph this sealer ineresased
IL-12p70 production in P. ansersbivs-stimulates ol
in the presence of Fllp. Conwersely, it was showm
that a resin-based sealer [AH-Flus) desreased IL-12
production by LESstirmlated maonooptio cells [Brack-
ett et af. 2011). Furthermonre, MTA significandy stir-
unlated D-1ZpF0 produstion by M1 macrophages n
control sells and in P angersbis-stimmulated cells, as
demnonstrated elsewhare [Faende ot ai. 20050
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ANEXO A

ATIVIDADES DESENVOLVIDAS DURANTE O CURSO DE DOUTORADO

Atuacao profissional

Faculdade de Odontologia FEAD

2014 - atual Vinculo: Professor Adjunto, Enquadramento funcional:
Professor de Endodontia e clinica integrada. Carga horéria: 12 horas/semanais.

Universidade Federal de Minas Gerais - Professor voluntario - FO-UFMG

2014 - 2016 Vinculo: Aluno de Doutorado, Enquadramento funcional:
Projeto de Extenséo "Assisténcia Odontoldgica a Pacientes Transplantados

da UFMG".Carga horéria: 4/semanais.

Artigos completos publicados em periédicos:

- BRAGA JM; OLIVEIRA, RR ; MARTINS, RC ; VIEIRA, LQ ; SOBRINHO, AP
RIBEIRO. Assessment of the cytotoxicity of a mineral trioxide aggregate-based
sealer with respect to macrophage activity. Dent Traumatol. 2015
Oct;31(5):390-5. doi: 10.1111/edt.12190. Epub 2015 Jun 18.

- BRAGA JM; OLIVEIRA, RR ; MARTINS, RC; SOBRINHO, AP RIBEIRO. The
effects of a mineral trioxide aggregate-based sealer on the production of
reactive oxygen species, nitrogen species and cytokines by two macrophage
subtypes. Int Endod J. 2014 Oct;47(10):909-19. doi: 10.1111/iej.12234. Epub
2014 Feb 3.

Artigos completos aceitos para publicacdo em periodicos:

- BRAGA-DINIZ, J. M.; SANTA-ROSA, C.C.; MARTINS, R. C.; SILVA, M. E. S.
E.; VIEIRA, L. Q.; RIBEIRO-SOBRINHO, A. P. The need for endodontic
treatment and systemic characteristics of hematopoietic stem cell
transplantation patients.. BRAZILIAN ORAL RESEARCH. , 2017.
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Resumos publicados em anais de congressos:

- Diniz JMB; OLIVEIRA, RR ; MARTINS, RC ; VIEIRA, LQ ; SOBRINHO, AP
RIBEIRO . Efeito do Mineral trioxide Aggregate e do MTA Fillapex sobre a
viabilidade, a aderéncia e a atividade fagocitaria de macréfagos M1 e M2. In:
302 Reunido anual da SBPqO, 2013, Aguas de Lindoia. Brazilian Oral Reseach,
2013. v. 27. p. 31-31.

- BRAGA, Julia Mourao; Silva DC ; CORTES, M. I. S. ; BASTOS, J. V. . Pulpal

Prognosis Luxated Permanent teeth. In: 17th world congress on dental

traumatology, 2012, Rio de Janeiro. 17th word congress on dental
traumatology, 2013.

- BAMBIRRA, B. H. S. ; BRAGA, J. M. ; MACIEL, K. F. ; ESPALADORI, M. C;
BRITO, L. C. N. ; VIEIRA, L. Q. ; RIBEIRO SOBRINHO, A. P. . . Efeito da

associacdo MTA/Selénio sobre viabilidade celular, aderéncia e atividade

fagocitaria de macrofagos M1 e M2.. In: 32 reunido anual da SBPqO, 2015,
Campinas/SP. Brasilian Oral Research 2015, 2015.

- ESPALADORI, M. C; MACIEL, K. F. ; BAMBIRRA, B. H. S. ; BRAGA, J. M. ;
BRITO, L. C. N. ; VIEIRA, L. Q. ; RIBEIRO SOBRINHO, A. P. . Perfuragbes
experimentais de furca em animais germ free tratadas com MTA acrescido de

Selénio: Andlise da Resposta imune. In: 32 reunido anual da SBPqO, 2015,
Campinas/SP. Brasilian Oral Research 2015, 2015.

- SANTA-ROSA, C.C.; BRAGA, J.M.; SILVA, M. E. S. E.; VIEIRA, L. Q;
RIBEIRO-SOBRINHO, A. P.Estudo comparativo da necessidade de tratamento
endoddntico de pacientes pré e poés-transplante de células tronco
hematopoiéticas. In: XIII Encontro Cientifico da Faculdade de Odontologia da
UFMG, 2016, Belo Horizonte.Revista Arquivos em Odontologia. , 2016.

- PARPINELLI, B. C.; SANTA-ROSA, C.C.; MACIEL, K. F.; ESPALADORI,
M.C.; BRAGA, J.M.; BRITO, L. C. N.; VIEIRA, L. Q.; RIBEIRO-SOBRINHO, A.

P. Modelo de avaliagdo das respostas imunoldgicas nas alteragbes

pulpoperiapicais In: Semana do Conhecimento UFMG 2016 - XXV Semana de
Iniciacdo Cientifica, 2016, Belo Horizonte. Anais Semana do Conhecimento
UFMG 2016 - XXV Semana de Iniciacéo Cientifica. , 2016.
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Apresentacdao de trabalho:

- Diniz JMB; OLIVEIRA, RR ; MARTINS, RC ; VIEIRA, LQ ; SOBRINHO, AP
RIBEIRO. Efeito do Mineral Tioxide aggregate e do MTA Fillapex sobre a
viabilidade, a aderéncia e a atividade fagocitaria de macrofagos M1 e M2..
2013. (Apresentacao de Trabalho/Congresso 302 Reunido anual da SBPqO).

- BRAGA, Julia Mouréo; Silva DC ; CORTES, M. I. S. ; BASTOS, J. V. . Pulpal

Prognosis  Luxated permanent teeth. 2013. (Apresentacdo de

Trabalho/Congresso).

Mencao Honrosa:

- Diniz JMB; OLIVEIRA, RR ; MARTINS, RC ; VIEIRA, LQ ; SOBRINHO, AP
RIBEIRO . Efeito do Mineral trioxide Aggregate e do MTA Fillapex sobre a
viabilidade, a aderéncia e a atividade fagocitaria de macréfagos M1 e M2. In:
302 Reunido anual da SBPqO, 2013, Aguas de Lindoia. Brazilian Oral Reseach,
2013. v. 27. p. 31-31.

- ESPALADORI, M. C; MACIEL, K. F. ; BAMBIRRA, B. H. S. ; BRAGA, J. M. ;
BRITO, L. C. N. ; VIEIRA, L. Q. ; RIBEIRO SOBRINHO, A. P. . Perfuracdes

experimentais de furca em animais germ free tratadas com MTA acrescido de

Selénio: Andlise da Resposta imune. In: 32 reunido anual da SBPqO, 2015,
Campinas/SP. Brasilian Oral Research 2015, 2015.

- SANTA-ROSA, C.C.; BRAGA, J.M.; SILVA, M. E. S. E.; VIEIRA, L. Q;
RIBEIRO-SOBRINHO, A. P.Estudo comparativo da necessidade de tratamento

endoddntico de pacientes pré e poés-transplante de células tronco
hematopoiéticas. In: Encontro Cientifico da Faculdade de Itatna, 2016.
- CRUZ |.R.D; BRAGA DINIZ, J.M. Revascularizagcdo Pulpar: Tratamento

alternativo para dentes necrosados com rizogénese incompleta. In: Il Encontro

cientifico da Faculdade de Odontologia da FEAD.

Cursos e Aulas Ministradas

- Instrumentagcdo Mecanizada em Endodontia de Dentes Deciduos. Faculdade
de Odontologia FEAD. 4 horas/aula. Abril 2017

- Traumatismo Dentério. IES Pds-Graduacao. 8 horas/aula. Agosto/2015.

- Traumatismo Dentério. IES P6s-Graduacao. 8 horas/aula. Agosto/2014.
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- Microscopia em Endodontia. Estacdo de Ensino Sociedade Educacional.
4horas/aula. Fevereiro/2014.

- Microscopia em Endodontia. Facsete. Faculdade de Sete Lagoas.
4horas/aula. 2014

Orientag&o de Trabalho de Conclusé&o de Curso:

- Revascularizacéo Pulpar: Tratamento alternativo para dentes necrosados com
rizogénese incompleta. Aluna Izabelle Rayane Doralice da Cruz. Faculdade de
Odontologia FEAD. 2017

- Medicagdes Intracanal na Revascularizagdo Pulpar. Aluna: Ana Carolina
Carvalho. Faculdade de Odontologia FEAD. 2017

- Uso do Agregado Triéxido Mineral no Tratamento de Dentes com Rizogénese
incompleta: um relato de caso. Aluno: JoOnatas Freire. Faculdade de
Odontologia FEAD. 2017

- Revascularizacdo pulpar em dentes permanentes jovens. Aluno: Victor
Barcellos. Faculdade de Odontologia FEAD. 2016.

- Tratamento endodbntico em pacientes submetidos a radioterapia regiao
cabeca e pescoco. Aluna: Francielle Silva. Faculdade de Odontologia FEAD.
2015.

- Agregado Trioxido Mineral no Tratamento de PerfuracGes Radiculares e de
Furca. Aluna: Vanessa Lacerda Guimardes. Faculdade de Odontologia FEAD.
2015.

Participacao em Eventos:

- Congresso Internacional de Endodontia Canal 2016, 2016.
- Congresso Internacional de Endodontia Canal 2015, 2015.
- Congresso Internacional de Endodontia Canal 2014, 2014.

143



ANEXO B

PARECER COMITE DE ETICA

UNIVERSIDADE FEDERAL DE MINAS GERAIS
COMITE DE ETICA EM PESQUISA - COEP

Projeto: CAAE - 54829414.7.0000.5149

Interessado(a): Prof. Antonio Paulino Ribeiro Sobrinho
Departamento de Odontologia Restauradora
Faculdade de Odontologia- UFMG

DECISAO

O Comité de Etica em Pesquisa da UFMG — COEP aprovou, no
dia 01 de junho de 2016, o projeto de pesquisa intitulado " Avaliagao
da microbiota e da resposta imune periapical em pacientes pré e
pés transplante de medula 6ssea portadores de infecgdes
endodénticas”, bem como o Termo de Consentimento Livre €
Esclarecido.

O relatério final ou parcial devera ser encaminhado ao COEP um

ano ap6s o inicio do projeto através da Plataforma Brasil.

_Profa. Dr®. Telma Campos Medeiros Lorentz
Coordenadora do COEP-UFMG

Av. Pres. Antonio Carlos, 6627 — Unidade Administeativa If - 2% andar — Sala 2005 — Cep:31270-901 — BH-MG
Telefax: (031) 3409-4392 - gmail: coep/@prpg.ufmeg.br
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DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: AVALIAGAO DA MICROBIOTA E DA RESPOSTA IMUNE PERIAPICAL EM
PACIENTES PRE E POS TRANSPLANTE DE MEDULA OSSEA PORTADORES DE
INFECCOES ENDODONTICAS

Pesquisador: Anténio Paulino Ribeiro Sobrinho

Area Temdtica: Genética Humana:
(Haver& armazenamento de material bioldgico ou dados genéticos humanos na
exterior e no Pais, quando de forma cenveniada com instituigoes estrangeiras ou
em instituigbes comerciais;);

Versdo: 2

CAAE: 54829414.7.0000.5149

Instituicdo Proponente: UNIVERSIDADE FEDERAL DE MINAS GERAIS
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Namero do Parecer: 1,569.493

Apresentagdo do Projeto:

Estudo experimental, que avaliara a presenca de espécies microbianas utilizando-se a técnica do
sequenciamento de DNA em 20 pacientes portadores de dentes com necrose pulpar que foram submetidos
ao Transplante de Células Tronco Hematopoiélicas (TCTH) e 20 que serdo submetidos ao TCTH. As
amostras coletadas em pacientes atendidos na Clinica de TMO da Faculdade de Qdontologla da UFMG
quanto ao seu conteudo microbiano e ao perfil de citocinas expressas nos tecidos periapicais adjacentes. O
prontudrio edentaldgico e os examcs médicos complementares serdo utllizados para uma avaliagdo
completa do perfil dos. parficipantes, —

Segundo o pesquisador, a prevaléncia do caréter polimicrobiano das Infecgdes endodénticas tem sido
estudada ao longo dos anos. O desenvolvimento de metodologia filogenética que analisa e sequencia o
gene 168 rRNA t&m sido um dos métodos moleculares utilizados quando se guer examinar e caracterizar a
diversidade de uma comunidade microbiana, tendo sido utilizada na caracterizagio da populagio
microbiana de pacientes saudaveis, pacientes com doenga periodontal € pacientes com Infecgdes
endodonticas. O TCTH envolve a ablag@o das células anormais ou malignas com aitas doses de
quimioterapia com ou sem radioterapia corporea total, o

Endersgo:  Av. Presidenta Antdnic Cardos 6627 2° Ad S| 2005

|Balrvo: Unidade Administrativa Il CEP: 31270901
| UF: MG Municipio: BELO HORIZONTE
Telefone: (31)3408-4552 E-mail: coap@prpg.utmg.br

Pagina 01 de (6
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que leva o paciente a um estado de imunossupressio. Essa condigdo permite que ele fique mais
susceptivel a infecgdes que podem provocar uma consideravel morbidade ou mesmo levar o paciente ao
Gbito, Utilizando a técnica de amplificagdo e seqienciamento do gene 165 rRNA, procurard correlacionar a
microbiota presente em infecgdes endoddnticas e os mecanismos imunolégicos de defesa e destruigao dos
tecidos periapicais, dos pacientes na fase de pré e pos transplante de Células Tronco Hematopolética,

Na metodologia descreve-se: ANALISE MICROBIOLOGICA:A coleta dos espécimes clinicos para
Identificag@o microbiana sera realizada da seguinte forma:Q dente sclccionado, apds 0s procedimenlus
clinicos iniciais, tera sua coroa clinica completamente isolada. A coroa serd desinfectada e uma lima
apropriada serd Inserida em um dos canais radiculares,e depois cortar-se-a 4 milimetros de sua parte ativa,
inserindo-a em uma solugdo apropriada para ser armazenada até o seu processamento.ETAPA
LABORATORIAL: o DNA sera quantificado e depols seré feito seu sequenciamento, de acordo com
protocolo, e analisado os dados. ANALISE IMUNOLOGICA:depois de finalizada a instrumentagdo dos SCR,
um cone absorvente sera inserido em seu interior, ultrapassando o forame radicular em um milimetro, para
Gue o mesmo entre em contato com os tecidos perirradiculares, sendo mantido por 2 minutos e,
posteriormente, sera inserido em um eppendorf. O mesmo procedimento ser4 realizado apés a remogao da
medicagio intra-canal utilizada, A quantificacao das citocinas IL-1, IL-10, IL-12, IL-23, IL-17 IFN-, TNF-,
RANKL e IL-4, sera realizada pelo Real Time PCR, amplificando-se o0 mRNA e quantificando-se o cDNA
provenientes das amostras clinicas.

Os participantes realizardo radiografias, definigiio do diagnostico e receberdo tratamento de canal, a ser
realizado na FO/UFMG, situada na cidade de Belo Horizonte MG, cbedecendo as normas da instituigdo.
Apés a coleta, inserindo-se uma lima endoddntica e cone absorvente no interior dos canais radiculares, as
amostras ser&o levadas ao Laboratério de Microbiologia para serem processadas.

Cominuagilo do Paracer: 1.669.493

Objetivo da Pesquisa:
Séo definidos no projeto:

Objetivo Primdrie:Avaliar a microblota de Sistemas de Canais Radiculares humanos infectados dos
individuos pré e pds transplante de células tronco hematopoiéticas, antes e apés ¢ prepare mecanico
quimico, correlacionando tais achados ao perfil de citocinas presentes nos lecidos (as alteragdes)
perirradiculares adjacentes,

Objetivo Secundario:» Identificar através da técnica de sequenclamento de nova geragdo do 168 rRNA, a
diversidade microbiana do SCRs dos individuos que serdo submetidos ao transplante de

| Enderago:  Av. Presidants Antdnio Carlos,6627 2° Ad ST 2005

Balrro: Unidade Administrativa 1l CEP: 31.270-001
UF: MG Municipio: BELO HORIZONTE
.Tomom: {31)3408.4592 E-mail: coep@prpq.ufmg.br

Pigna (2% 0%
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Conlinuagso do Parecer: 1.568.493

células tronco hematopoiéticas (fase pré transplants).« Identificar através da técnica de seqllenciamento de
nova geragéo do 16S rRNA, a diversidade microbiana do SCRs dos individuos que foram submetidos ao
transplante de células tronco hematopoléticas(fase pds transplante).- Identificar e quantificar a expressao de
citocinas nas lesdes perirradiculares logo ap6s a Instrumentagdo do SCR dos Individuos que serdo
submetidos ao transplante de células tronco hematopoiéticas (fase pré transplante).+ Identificar e quantificar
a expressaoc de citocinas nas lesdes perirradiculares uma semana apés a instrumentago do SCR dos
individuos que serdo submetidos aa transplante de células trance hematopoictions (fase pré transplante).»
Identificar e quantificar a expressio de citocinas nas lesdes perirradiculares logo apds a instrumentagao do
SCR dos individuos que foram submetidos ao transplante de células tronco hematopoiéticas (fase pos
transplante).- Identificar e quantificar a expressao de citocinas nas lesdes perirradiculares uma semana apos
a instrumentagéo do SCR dos individuos que foram submetidos ao transplante de células tronco
hematopoiéticas (fase pds tranplante).» Correlacionar os dados microbiolégicos e imunoldgicos.

Avaliagio dos Riscos e Beneficios:

Séo relatados no projeto:

Riscos: Os riscos sdo inerentes ao tratamento endodéntico,

Beneficios:As Informagdes obtidas resultardo no melhor conhecimento dos fenémenos inflamatdrios que
ocorrem nospacientes portadores de infecgio endodéntica na fase pré e pos transplante de medula 6ssea.

Comentirios e Consideragoes sobre a Pesquisa:
Projeto relevante para a drea da saude.,

Considera¢des sobre os Termos de apresentacdo obrigatéria:

- Folha de rosto preenchida e assinada em 01/04/16.

- Projeto aprovado pelo Programa de Pés-Graduagdo em Odontologia na FO/UFMG (CPGO) em 24/02/15,

- Parecer aprovado no Departamento de Clinica, Patologia e Cirurgia Odontolégica da FOJUFMG em
24/02/15,

- Parecer aprovado do Departamento de Odontologia Restauradora da FO/UFM@G, em 21/03/16,

- TCLE apresentado come carla convite, assegurando a voluntariedade, o anonimato, e a desisténcia a
qualquer momento do projeto, sem qualquer prejuizo. Informou os contatos dos pesquisadores responsaveis
para dividas e do COEP. Campo de assinaturas presentes, Descreveu
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a metedologia, os beneficios e riscos.
As diligéncias corrigidas e conferidas, foram relatadas em resposta ao COEP:

No item Participagio e compensagao foi acrescentado as seguintes frases: "Pacientes em tratamento no
Programa de assisténcia odontoldgica a pacientes transplantados da UFMG s@o constantemente avaliados
om rolagio ac seu estade de sadde global antes de qualquer intervencan adontolégica, minimizando a
ocorréncia complicagbes pos operatorias. Entretanto, caso vecé sinta algum incomado apés o lratamento
vacé podera entrar em contato com a Dra Julia Mourdo Braga Diniz no telefone 33357629 sem nenhum
constrangimento.

No item Critérios de selegiio no 3° pardgrafo agora l&-se : "Qualquer dlvida referente & sua participagio @
as questdes éticas dessa pequisa podera ser esclarecida & qualquer momento no COEP. No item
auterizag&o, na quinta linha, novamente foi enfatizado que o participante podera entrar em contato com o
COEP na frase onde se 1& : " Caso eu tenha alguma davida em relaglio as questdes éticas desse trabalho
poderei entrar em contato com o COEP."

No item Autorizagao o termo "cépia’ foi substituido pelo termo via como sugerido no parecer. A alteracdio se
encontra na sexta linha do Item autorizagdo.No item confidencialidade dos dados na 4° linha fol
acrescentado a frase " Os dados serdo armazenados por no minimo 5 anos e vocé pode consultd-los a
qualquer momento®

Recomendagoes:

Segundo a Resolugao CNS 466/12:

1- Informar os correlos eletrdnicos das pesquisadores envolvidas no TCLE.

2- Assegurar que os 20 pacientes envolvidos no projeto sao adultos, acima dos 18 anos, uma vez gue ndo
hé TALE, e espetilicagao quanto & idade no projeto.

Este Comité confia que as mudangas serdo realizadas pelos pesquisadores.

Conclusdes ou Pendéncias e Lista de Inadequagdes:

Sou, S.M.J,, favoravel & aprovagfo do projeto.

Tendo em vista 2 legislagdo vigente (Resolugdo CNS 466/12), o COEP-UFMG recomenda aos
Pesquisadores: comunicar toda e qualguer alterago do projeto e do termo de consentimento via emenda na
Plataforma Brasll, informar imediatamente gualquer evento adverso ocorrido durante o desenvelvimento da
pesquisa (via documental encaminhada em papel), apresentar na forma de
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Qo™

notificego relatérios parcials do andamento do mesmo a cada 06 (seis) meses e ao término da pesquisa
encaminhar a este Comité um sumdrio dos resultados do projeto (relatdrio final),

O presente projeto, seguiu nesta data para anélise da CONEP e s6 tem o seu inicio autorizado apés a
aprovagao pela mesma.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documents - Amuive__ | Peétagem | Autor  _ |Siluacao
InformagBes Basicas| PB_INFORMACOES_BASICAS_DO_P | 25/05/2016 Aceito
|do Projeto ROJETO 401100.pdf 17:08:53
Quitros crespostacoep.doc 25/05/2016 | Antdnio Paulino Aceito
17:08:27 | Ribeiro Sobrinho
TCLE/Termos de | Termaconsentimento.doc 25/05/2016 | Antdnio Paulino Aceito
Assentimento / 17:05:34 | Ribeiro Sobrinho
Justificativa de
Auséncia
Folha de Rosto rosto.pdf 05/04/2016 | Antdnio Paulino Aceito
08:14:52 | Ribeiro Sobrinho
Outros aprovadep.pdf 22/03/2016 |Antdnio Paulino Aceito
21:48:28 |Ribeiro Sobrinho
Outros parecer2.pdf 22/02/2016 | Anténio Paulino Aceito
12:27:01 | Ribeiro Sobrinhg
Outros parecer1.pdf 22/02/20186 | Antdnio Paulino Acsito
12:26:17__| Ribeiro Sobrinho
Qutros parecer.pdf 22/02/2016 | Antdnio Paulino Aceito
12:25:15 _|Ribeiro Sobrinho
Projeto Detalhado / | Elementos pre textuais TMO.doc 09/11/2014 Aceito
Brochura 20:59:11
linvestigedor
Projeto Detalhado ! | ProjetoDoutorade Julia.doc 09/11/2014 Aceito
Brochura 20:58:20
[invastigador
Situagdo do Parecer:
Aprovado
Necessita Apreciagio da CONEP:
Sim
Enderbgo; Av. Presidente Antéaio Carlos,B627 2° Ad SI 2005
Balrro:  Unidade Administrativa || CEP: 31.270-001
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Telma Campos Medeiros Lorentz
(Coordenador)

..

.
:
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