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RESUMO

A sexta neoplasia maligna mais comum em todo o mundo é o cancer oral, que se desenvolve
em um ambiente com uma microbiota intrinseca, diversa e complexa. Nesse interim, 0 objetivo
principal deste trabalho foi desenvolver uma revisdo sistemética para investigar a possivel
relacdo entre a microbiota oral e a carcinogénese oral. As buscas foram realizadas em trés
plataformas eletronicas de dados (Pubmed, SCOPUS e Web of Science) em setembro de 2020,
sequidas de critérios de inclusdo/exclusdo, resultando na selecdo de 28 estudos. Devido a
diversidade metodoldgica destes estudos, ndo foi possivel chegar a um consenso sobre qual
bactéria seria ideal como biomarcador do cancer oral, apesar de extensas pesquisas na literatura
envolvendo os patdégenos Porphyromonas gingivalis e Fusobacterium nucleatum. A estratégia
de analise da presente pesquisa foi agrupar os resultados microbiolégicos relacionados ao tumor
nos seis filos de bactérias mais comuns da cavidade oral, comparando, entdo, as diferencas da
constituicdo nativa de uma cavidade oral saudavel, novamente, devido a diversidade
metodoldgica entre os estudos, ndo foi possivel realizar uma meta-analise. Apesar da
necessidade de mais estudos padronizados correlacionando os resultados da microbiota com os
habitos pessoais, foi encontrada uma diferenca significativa na microbiota de pacientes com
cancer bucal. Dessa forma, definir bactérias orais como fator de risco independente para cancer
bucal ainda ndo é confiavel, principalmente devido a divergéncia dos resultados dos estudos.
Nos préximos anos, mais estudos com abordagens metodologicas semelhantes serdo
necessarios para identificar os mecanismos que diferenciam o papel das bactérias bucais de

outros fatores de risco.

Palavras-chave: Carcinoma de células escamosas oral. CEC. OSCC. Cancer oral. Microbioma.

Microbiota. Bactérias.



ABSTRACT

The sixth most common malignancy worldwide is oral cancer and it develops in an environment
with an intrinsic, diverse and complex microbiota. The main objective of this work was to
develop a systematic review to investigate the possible relationship between the oral microbiota
and oral carcinogenesis. The searches were performed on three electronic data platforms
(Pubmed, SCOPUS and Web of Science) in September 2020, followed by inclusion / exclusion
criteria, resulting in the selection of 28 studies. Due to their methodological diversity, it was
not possible to reach a consensus on which bacteria would be the best candidate for oral cancer
biomarker, despite extensive research in the literature involving the pathogens Porphyromonas
gingivalis and Fusobacterium nucleatum. Our analysis strategy was to group the
microbiological results related to the tumor into the six most common strains of bacteria in the
oral cavity, then comparing the differences in the native constitution of a healthy oral cavity.
Again, due to the methodological diversity between the studies, it was not possible to perform
a meta-analysis. Despite the need for more standardized studies correlating the results of the
microbiota with personal habits, a significant difference was found in the microbiota of patients
with oral cancer. In our opinion, defining oral bacteria as an independent risk factor for oral
cancer is still not reliable, mainly due to the divergence of the results of the studies. In the
coming years, more studies with similar methodological approaches will be needed to identify

the mechanisms that differentiate the role of oral bacteria from other risk factors.

Keywords: Oral squamous cell carcinoma. OSCC. Oral cancer. Microbioma. Microbiota.
Bacteria.
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1 INTRODUCAO

A ciéncia vem, consistentemente, buscando desvendar a origem de determinadas
patologias, encontrando alternativas mais eficazes no combate e, até mesmo, na prevencao
destas. Com o aumento da popula¢do mundial, principalmente em relacéo a individuos idosos,
a satde enfrenta dilemas cada vez mais emergentes na busca de tratamentos que sejam eficazes
para melhorar a qualidade de vida da populacéo idosa. Outra preocupacao é evitar que futuras
geracOes adoecam precocemente, consequentemente aumentando sua longevidade de uma
maneira mais saudavel e, de certa forma, economicamente mais acessivel para regides em que
0s servicos de saude ainda sdo privilégios para poucas pessoas.

Neste processo, novas teorias vém surgindo no campo cientifico e, posteriormente,
guando validadas, sdo aplicadas no ambito médico. Nisso, inclui-se o estudo da
microbiota/microbioma humano, que vem ganhando notoriedade nos ultimos anos e sendo cada
vez mais aprimorado com novas técnicas de analise, devido a resultados cada vez mais
promissores, ao ponto de o0s pesquisadores especularem que a modulacdo da
microbiota/microbioma possa estar diretamente vinculada a estados fisioldgicos e patoldgicos.

Atualmente, ainda falta conhecimento e tecnologia para elucidar e comprovar, de forma
totalmente segura, como ocorre esta possivel relacdo, e como devem ser estabelecidos
tratamentos que visem sanar ou prevenir os estados patoldgicos através desta informacéo.
Talvez, num futuro, a patologia em questdo nao sera o foco do estudo, mas sim fatores prévios
gue possam estar relacionados a perda da homeostase fisioldgica nesta relacdo entre o
hospedeiro e a microbiota. Fatores estes que, por si s6, podem ser 0s principais causadores de
patologias, como também, posteriormente ao diagndstico, podem estar envolvidos com o

restabelecimento da salde do individuo.

1.1 CANCER

O cancer é considerado uma patologia de dificil tratamento, sendo frequentemente
associada a prognosticos ruins (JEMAL, 2010), tornando-se, assim, “uma das maiores causas
de mortalidade mundial, principalmente em paises em desenvolvimento” (KANAVOS, 2006).
Todo ano, estima-se que por volta de 11 milhdes de pessoas sejam diagnosticadas, e

possivelmente este nimero possa ter chegado a uma média de 16 milhdes no ano de 2020
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(MBEUNKUI, 2009). Referente ao Brasil, a estimativa para cada ano do triénio 2020-2022
informa que ocorrerdo 450 mil novos casos (INCA, 2020)*.

Anualmente, o cancer oral vem apresentando uma média de 363.000 novos casos e
quase 200.000 mortes (JEMAL, 2010), sendo o 6° tipo de cancer mais comum (SUGERMAN;
JOSEPH; SAVAGE, 1995). O Carcinoma Espinocelular Oral ou, em inglés, Oral Squamous
Cell Carcinoma (CEC/OSCC), corresponde a 90% dos canceres orais (BARNES, 2005) e a
baixa sobrevida (cinco anos) estd principalmente relacionada a um diagndstico tardio
(ALBUQUERQUE, 2016). Varios fatores quimicos (fumo e alcool, por exemplo) (KUMAR,
2016), fisicos (luz UV) e bioldgicos (virus do papiloma humano/HPV) (CHEN, 2009) estéo
associados a uma maior probabilidade de incidéncia de CEC/OSCC (JEMAL, 2010;
SUGERMAN; JOSEPH; SAVAGE, 1995; BARNES, 2005; ALBUQUERQUE, 2016;
KUMAR, 2016; CHEN, 2009).

O céncer caracteriza-se por uma série de mutacdes acumuladas na estrutura do DNA
celular, resultando em alteragcGes no comportamento normal das células (OEFFINGER, 2013)
que, de acordo com o estudo de Hanahan e Weinberg (2011), adquirem caracteristicas
essenciais (do inglés, Cancer Hallmarks) para a progressao do tumoral. Estes Hallmarks
(Figura 1) podem ser consideradas como: 1- capacidade da manutencédo da sinalizagéo celular
proliferativa; 2- supressédo de fatores de crescimento; 3- resisténcia a apoptose (morte celular);
4- inducgdo da angiogénese; 5- aquisicdo de imortalidade replicativa e; 6- migracdo anormal
com a capacidade de metastase (HANAHAN; WEINBERG 2011). Tais modificac6es celulares
sdo influenciadas por diversos fatores, dentre eles alteracdes externas ao individuo (exposicdo
a radiacdo e produtos quimicos, habitos pessoais e presenca de virus) e alteragdes de cunho
fisiologico (sistema imunoldgico debilitado, predisposicdo genética e alteracdes hormonais).

! Disponivel em:
https://www.inca.gov.br/estimativa/introducao#:~:text=Para%200%20Brasil%2C%20a%20estimativa,c%C3%A
2ncer%20de%20pele%20n%C3%A30%20melanoma. Acesso em: 14 jun. 2021.


https://www.inca.gov.br/estimativa/introducao#:~:text=Para%20o%20Brasil%2C%20a%20estimativa,c%C3%A2ncer%20de%20pele%20n%C3%A3o%20melanoma
https://www.inca.gov.br/estimativa/introducao#:~:text=Para%20o%20Brasil%2C%20a%20estimativa,c%C3%A2ncer%20de%20pele%20n%C3%A3o%20melanoma
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Figura 1 — Hallmarks do cancer (1).
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Fonte: elaborada pela autora (2021).

Em tumores malignos de origem epitelial, células em processo inicial de tumorigénese
passam por modificacdes morfolégicas, como as alteracdes das proteinas queratina e E-
caderina, um dos principais marcadores de células epiteliais. A E-caderina atua como uma
molécula de ancoragem no citoesqueleto celular, formando “unides” chamadas jungdes
aderentes, que possibilitam o processo de adesdo entre as células. ModificacBes nesta dindmica
levam a alteracdes no fendtipo celular, que se torna mais agressivo, adquirindo caracteristicas
migratorias de células mesenquimais. Esse processo é regulado por diversos fatores de
transcricdo que, além de atuar na transi¢do de fenotipo, atua como fator de crescimento, tais
como o fator de crescimento da epiderme (em inglés, EGF — Epidermal Growth Factor).

Tais moléculas parecem controlar diretamente a migracao celular, sendo responsaveis
pela sinalizagdo de dispersdo ou desagregacdo de células de um tecido. Essas alteracdes no
tecido epitelial, a perda da polaridade celular e a inibicdo da capacidade de adesdo estéo
associadas com um processo denominado transicao epitélio — mesénquima (em inglés EMT —
Epithelial-mesenchymal transition), possibilitando a progressdo tumoral e a formagdo de
metastases. O processo inverso € denominado Transicdo mesénquima-epitélio, (em inglés,
MET — Mesenchymal-Epithelial- transition) e ocorre quando as células cancerigenas, depois da
migracao, necessitam instalar-se novamente no tecido epitelial (Figura 2).
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Figura 2 — Transicdo EMT/MET (1).
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Fonte: elaborada pela autora (2021).

A massa tumoral é composta por células tumorais, por uma variedade de células ndo
mutadas (fibroblastos, neutréfilos, macréfagos e vasos sanguineos) e pela matriz extracelular
(MEC), com fundamental importancia para o processo tumorigénico (MBEUNKUI, 2009). Ao
conjunto de elementos que interagem com as células tumorais da-se 0 nome de microambiente
tumoral (Figura 3). Este microambiente relaciona-se tanto com a fisiologia, estrutura e funcdo
do tumor, ja que esse agregado celular fornece fatores de crescimento, quanto a quimiocinas e
citocinas necessarias para o processo de carcinogéneses (MBEUNKUI, 2009).

O conceito de microambiente tumoral trouxe novas oportunidades para entender o
comportamento das células tumorais e fatores que influenciam na agressividade do tumor.
Estudos associam esse ambiente com processos inflamatorios crénicos (KALLURI;
ZEISBERG, 2006). A inflamac&o é um componente critico vinculado & progressao tumoral, de
acordo com Coussens (2002), ja que tumores podem surgir em sitios que apresentam infeccéo,
irritacdo cronica e inflamagdo (COUSSENS, 2002). Em uma revisdo sistematica conduzida por
Alves, Diel e Lamers (2018), foi apontado que células imunes (macréfagos) presentes no
microambiente tumoral tém uma associacdo importante com a progressdo do tumor e o baixo

prognostico. Ainda em conformidade com os autores, dependendo do estimulo, os macrofagos
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podem adquirir tanto o perfil M1, que possui caracteristicas pro-inflamatdrias, quanto
macrdfagos do tipo M2, vinculados a progressdo tumoral (ALVES; DIEL; LAMERS 2018),
N&o obstante, é de grande importancia também entender a contribuicdo de microrganismos
presentes no microambiente que possivelmente também contribuam na modulagéo do fendtipo

celular e de outros elementos do préprio microambiente tumoral.

Figura 3 — Microambiente tumoral (I).
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* Microambiente tumoral: A) Tumor priméario. B) Detalhe do microambiente tumoral no tumor primario. O
microambiente tumoral é composto por diferentes células, como células do sistema imune, fibroblastos associados
ao tumor, além de vasos sanguineos. CAFs — Fibroblastos associados ao tumor (do inglés, Cancer-associated
fibroblastos).

Fonte: elaborada pela autora (2021).

Esta relacdo de processos inflamatorios e a progressao tumoral ja é bastante aceita e
relatada na literatura. Autores como Whitmore e Lamont (2014) apontam que processos
inflamatdrios crénicos estdo associados ao surgimento do cancer, principalmente devido a
modulacdo do microambiente tumoral. Entretanto, os autores também sugerem que
microrganismos possam estar vinculados a promocao de processos inflamatdrios em células
epiteliais, citando como exemplos os patdgenos orais Porphyromonas gingivalis (P.gingivalis)
e Fusobacterium nucleatum (F.nucleatum), causando alteracfes no processo de apoptose,
divisdo celular, proliferacdo e migracdo celular, além de ac¢Ges sistémicas no organismo através
de infecgdes fora da cavidade oral (WHITMORE; LAMONT, 2014).

1.2 MICROBIOTA E MICROBIOMA
O corpo humano hospeda uma variedade de comunidades microbianas em diferentes

tecidos e biofluidos, caracterizando a microbiota humana, que supera ceélulas somaticas e
germinais humanas por um fator de dez ou mais (SENDER; FUCHS; MILO, 2016). Dentre
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esses microrganismos, pode-se listar, como 0s mais predominantes, bactérias, fungos e virus
(MORGAN; SEGATA; HUTTENHOWER, 2013). O genoma coletivo de todos esses
microrganismos é denominado microbioma humano, consistindo em aproximadamente
5.000.000 ou mais genes (CIANCI et al., 2018) que desempenham papéis fundamentais na
fisiologia humana (metabolismo, func¢Ges neuroldgicas, processos inflamatérios e modulagéo
do sistema imune, por exemplo) e, também, em processos patologicos (SENDER; FUCHS;
MILO, 2016).

Estudos sobre a microbiota iniciaram-se no século XVII com o pesquisador holandés e
comerciante Antonie van Leewenhoek, considerado “o pai da microbiologia”. Antonie van
Leewenhoek comparou sua prépria microbiota oral e fecal, encontrando diferencas
significativas nas comunidades microbianas entre estes dois ambientes, identificando,
inclusive, diferencas nas comunidades bacterianas entre amostras de individuos saudaveis e
doentes.

Analisando o microbioma e sua situacdo de homeostasia, existe uma relagdo intrinseca
e equilibrada entre microrganismos comensais, habitos do hospedeiro e patogenos (CIANCI et
al., 2018). De acordo com David et al. (2014), embora exista uma diferenca importante e ja
conhecida entre os seres humanos em relacdo a constituicdo de sua microbiota, pode-se dizer
que existe uma “microbiota nativa” (core microbiota, em inglés) em cada individuo,
permanecendo, na maioria das vezes, em condicdes fisioldgicas estaveis no decorrer da vida
(DAVID et al., 2014).

Um dos microbiomas mais estudados é o intestinal. Sequndo Rampelli et al. (2016), a
construcdo da relagdo microbiota/hospedeiro inicia-se logo no nascimento, uma vez que, neste
momento, o ser humano € estéril. O autor ainda reitera que a microbiota materna (vaginal e
fecal) tem grande influéncia na constituicdo e modulacdo da comunidade bacteriana do recém-
nascido, além de diversos outros fatores, como o ambiente em que este se encontra, a
amamentacdo e até mesmo a forma com que o parto foi realizado (cesarea ou natural)
(RAMPELLI et al., 2016). A microbiota segue diversificando-se no decorrer da vida do
individuo, pelo proprio processo de envelhecimento e, também, através de fatores exdgenos,
como habitos pessoais (tabaco, alcool e dieta) (BORNIGEN et al., 2017).

Evidéncias sobre a microbiota oral mostram que sua natureza e modulacdo também
estdo diretamente correlacionadas com habitos pessoais adotados pelo individuo. Também é de
conhecimento cientifico que a infec¢do pelo virus do papiloma humano (HPV, do inglés Human
papillomavirus) apresenta grande influéncia na caracterizagdo da comunidade microbiana oral
(BORNIGEN et al., 2017).
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A pesquisa realizada por Shreiner, Kao e Young (2015) aponta que uma microbiota
diversificada, sendo necessaria para manter o equilibrio delicado e saudavel da comunicacao
microbiota/hospedeiro. Os autores ainda afirmam que a riqueza em espécies microbianas em
um unico ambiente (diversidade alfa) e sua distincdo entre diferentes ambientes (diversidade
beta) sdo ambos parametros que se correlacionam com a satde do hospedeiro (SHREINER;
KAO; YOUNG, 2015). E compreensivel, deste modo, que mudangas nessa dinamica interfiram
na manutencao da saude do individuo (XU; WANG; ZHANG, 2015), podendo acarretar futuras
situacdes patoldgicas (RAMPELLI et al., 2016), como o cancer (BORNIGEN et al., 2017).

Apesar destas informagdes presentes na literatura, o trabalho de Dewhirst et al. (2010)
menciona que esse ainda é um tema desafiador para a ciéncia, assim como a discriminacao entre
uma “microbiota saudavel” e uma “microbiota doente”, principalmente porque estudos revelam
diferencas significativas até mesmo na comunidade microbiana entre individuos considerados
“saudaveis” (DEWHIRST et al., 2010).

1.3 INTERACAO MICROBIOTA-HOSPEDEIRO E PROCESSOS PATOLOGICOS

Nas Ultimas décadas, varios estudos cientificos tém sido desenvolvidos para entender os
mecanismos fundamentais entre 0 microbioma humano e os processos patolégicos (GEVA-
ZATORSK, 2017). Através de metodologias emergentes (por exemplo, RNA ribossémico 16S,
metagenémica e metatranscriptdmica), técnicas acuradas de analise molecular (SCHWABE,
2013) e o desenvolvimento de novas ferramentas de bioinformatica (URSELL, 2013), esta
sendo possivel investigar as diversas comunidades bacterianas (PACE, 1997) existentes no ser
humano, tanto em estados fisioldgicos quanto patoldgicos.

Dados provenientes destas novas pesquisas sugerem que alteracbes no microbioma
ocasionadas pela perda de equilibrio na relacdo hospedeiro/microbiota (SCHROEDER, 2016)
podem estar associadas com patologias locais e sistémicas (problemas metabdlicos, alergias,

obesidade, diabetes e problemas cardiovasculares) (PACE, 1997).

1.4 MICROBIOTA E CANCER

Ainda nédo ha explicagdes cientificas exatas sobre as razdes para o desenvolvimento do
cancer em apenas uma parcela de individuos que sdo expostos a carcindgenos ou portadores de
predisposicdo genética, levando a conclusdo de que outros fatores devem ser relevantes no

desenvolvimento desta patologia (PLOTTEL, 2014). De acordo com a pesquisa de Plottel
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(2014), é possivel que uma relacéo dishidtica entre microbiota e hospedeiro possa, de alguma
maneira, exercer algum tipo de influéncia na etiologia do cancer. Contudo, essa hipotese ainda
é incerta, ja que até o momento néo foi possivel elucidar os mecanismos moleculares que podem
estar envolvidos nessa possivel relacao.

O cancer gastrico é provavelmente o exemplo mais significativo dessa relagdo
disbidtica. A infeccdo causada pela bactéria Helicobacter pylori (H. pylori), patégeno ja
reconhecido oficialmente como uma bactéria carcinogénica pela Agéncia Internacional de
Pesquisa do Cancer (IARC, em inglés International agency for research on cancer), que é
considerada “oportunista”, pode promover em individuos imunocomprometidos respostas
inflamatorias, muitas vezes crénicas (KHATOON, 2016).

A exposicdo do hospedeiro a processos inflamatorios desencadeados por patdgenos e a
produtos metabodlicos de bactérias especificas (WANG et al., 2017) pode causar danos na
estrutura do DNA, interrompendo os processos normais de sinalizagéo celular (LAX, 2005). O
reconhecimento destes padrées microbianos pelos receptores Toll Like (TLRs, em inglés Toll
like receptors) representa um dos estimulos pro-inflamatdrios mais relevantes (PISANI;
ESTADELLA; RIBEIRO, 2017). TLRs sdo receptores transmembrana do tipo | pertencentes
ao sistema imunoldgico inato, conhecidos como receptores de reconhecimento de padrdes
moleculares relacionados a agentes infecciosos (PRRs, em inglés Pattern Recognition
Receptors), a patdégenos (PAMPs, em inglés Pathogen-Associated Molecular Pattern) e a
oponentes celulares oriundos de tecidos danificados (LI et al., 2020).

Os receptores TLR1, TLR2, TLR4, TLR5 e TLR6 estdo localizados na superficie celular
e detectam lipoproteinas (LPS, em inglés, Lipopolysaccharides) bacterianas (PISANI;
ESTADELLA; RIBEIRO, 2017). O LPS é uma endotoxina que compde a membrana externa
de bactérias gram-negativas, tendo um alto poder inflamatério. Os pesquisadores Pisani,
Estadella e Ribeiro (2017) mencionam que, em concentracGes séricas de LPS baixas, o quadro
se apresenta dentro dos padrBes fisiologicos, jA que esta endotoxina € necessaria para a
modulacdo do sistema imunoldgico. Porém, ainda segundo o0s autores, concentragdes
aumentadas de LPS circulante levam a estados inflamatérios e até mesmo a doengas de cunho
metabolico. Os receptores TLRs também possuem a capacidade de ativar importantes vias
celulares vinculadas com proliferacdo celular, invasividade e angiogénese em uma variedade
de canceres. Mikulandra, Pavelic e Glavan (2017) encontraram uma ligacdo com o receptor

TLR4 e o cancer de cdlon, figado, pancreas e pele.
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1.5 MICROBIOTA/MICROBIOMA ORAL

Takeshita et al. (2016) definem que o microbioma oral pode ser caracterizado como um
conjunto genémico de microrganismos que se encontram na cavidade oral humana e, por
conseguinte, em todas suas extensdes (dentes, sulco gengival, gengiva, lingua, bochecha, labio,
palato duro e palato mole) (TAKESHITA et al., 2016), sendo constituido por virus, fungos,
protozoarios e bactérias (DEWHIRST et al., 2010). Um estudo conduzido por Chicharro et al.
(1998) menciona gque o microbioma oral é considerado um dos mais complexos do organismo.

A cavidade oral ¢ a maior “porta de entrada” do corpo humano, onde ocorre o inicio da
digestdo e da porcdo condutora de ar do sistema respiratorio (DEWHIRST et al., 2010). Desta
forma, os microrganismos que colonizam a area bucal tém grande possibilidade de se
espalharem para superficies epiteliais adjacentes, sendo responsaveis pelo surgimento de
doencgas infecciosas (KIRKWOOD et al., 2009).

<

Apesar da existéncia de “uma microbiota nativa oral”, que se mantém estavel no
decorrer da vida do hospedeiro, esta apresenta grande variabilidade interpessoal. Da mesma
forma que a microbiota intestinal, diversos fatores podem gerar alteracdes na ecologia das
comunidades bacterianas e na relagdo com seu hospedeiro. Evidéncias relacionadas a
microbiota oral mostram uma forte correlagdo com o género do individuo (BRAY et al., 2018),
habitos pessoais, como o consumo de tabaco e alcool (LIN et al.,, 2011), alimentacdo
(MEURMAN, 2010), higiene oral (GUPTA et al., 2017) e a presenca de doencas bucais
(KUMAR et al., 2016).

Todavia, apesar dos estudos focados na microbiota oral serem menos abundantes na
literatura, a ciéncia vem descobrindo uma possivel importancia desta na saide. O estudo
realizado pelos pesquisadores Zhang et al. (2018) demonstra que o desequilibrio da flora
microbiana oral contribui para doencas locais (doencas da cavidade oral). Gao et al. (2018)
corroboram tal constatagcdo em suas pesquisas ao afirmar que doencas podem estar relacionadas
com a dishiose microbiana, dentre elas a Sindrome do Intestino Irritavel (IBD, em inglés
Inflammatory Bowel Disease), cirrose hepatica, diabetes, problemas cardiovasculares,
obesidade, doengas do figado e artrite reumatoide (GAO et al., 2018). A disbiose microbiana

também pode estar relacionada com a etiologia e/ou a progressdo do cancer (LI et al., 2020).
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1.6 MICROBIOTA ORAL E CARCINOGENESE

Como ja foi mencionado, ha uma menor quantidade de estudos abordando o microbioma
oral quando comparado a outros tipos de microbioma (intestinal, por exemplo). Estudos que
focam na comunidade bacteriana oral e cancer apresentaram resultados contraditorios, em
relacdo a possiveis alteragcbes microbianas e em vias moleculares que determinadas bacteérias,
podendo atuar na instalacao e promocao do cancer.

As distintas redes microbianas existentes na cavidade oral normalmente coexistem com
0 hospedeiro em um estado imunoinflamatério equilibrado (WHITMORE; LAMONT, 2014).
Certas espécies, como 0s patdgenos orais P. gingivalis e F. nucleatum, podem perturbar esse
equilibrio, resultando em uma interacdo disbidtica entre a microbiota e seu hospedeiro. Este
tipo de interacdo pode refletir em uma resposta imunolégica que, dependendo de sua
intensidade, pode ocasionar um processo inflamatério crénico, como o que ocorre na doenca
periodontal (HAJISHENGALLIS; LAMONT, 2012).

Com efeito, pesquisadores encontraram algum tipo de vinculo que possivelmente
relaciona a microbiota oral com certos tipos de tumores, afetando sua agressividade e/ou
incidéncia. Dentre eles, destaca-se o cancer de célon (FLEMER et al., 2018), cancer de
pancreas (FAN et al., 2018), cancer de pulmé&o (YANG et al., 2018), cancer de cabeca e pescogo
(HAYES et al., 2018), cancer de es6fago (PETERS et al., 2017) e leucemia (WANG et al.,
2014).

Patdgenos que se relacionam com doencas periodontais tém sido o foco na anélise entre
a relacdo da microbiota com o processo de carcinogénese. Tais bactérias, juntamente com seus
metabdlitos, podem entrar na circulacéo sistémica através do sangue, agindo em todo o corpo
(KARPINSKI, 2019). Duas bactérias periodontopatogénicas que se encaixam nesta hipotese
sdo os microrganismos F. nucleatum e P. gingivalis, que podem migrar para outras partes do
corpo através da circulacdo sanguinea, acarretando a diminui¢do da imunidade do individuo,
provocando inflamagdes e, provavelmente, promovendo, de forma indireta, a formagédo de
tumores (GALLIMIDI et al., 2015). Além disso, como ja foi descrito anteriormente, sobre a
influéncia dos processos inflamatdrios crénicos na carcinogénese, principalmente devido a
modulacdo do microambiente tumoral, estes mesmos patdgenos, F. nucleatum e P. gingivalis,
promovem processos inflamatdrios em células epiteliais, que podem influenciar diretamente no
microambiente tumoral (LI et al., 2020), podendo estar relacionados com as alteragcdes em

diversos mecanismos celulares, tais como apoptose, diviséo, proliferagéo e migragéo celular.
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1.7 MICROBIOTA ORAL E CANCER ORAL

Existem diversas teorias que explicam a possivel interferéncia da microbiota oral no
processo do cancer oral. Karpinski (2019) elencou trés possiveis teorias que podem explicar
essa relacdo (Figura 4): 1) A resposta inflamat6ria provocada por certos tipos de bactérias
(mediadores inflamatdrios cronicos), que, segundo o autor, acabam facilitando os Hallmarks
do cancer, como a proliferacdo celular, mutagénese, ativacdo de oncogenes e angiogénese; 2)
A influéncia direta da bactéria na carcinogénese por meio da secrecdo de proteinas efetoras,
que afetam a proliferagéo, rearranjos do citoesqueleto, ativagdo do fator nuclear capa beta (NF-
KB, do inglés Nuclear Factor Kappa beta) e inibicdo da apoptose; e 3) Produtos metabdlicos
produzidos por bactérias (acetaldeido) (KARPINSKI, 2019).

Figura 4 — Possiveis mecanismos relacionados ao processo de carcinogénese promovido por bactérias (1I).
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* A infeccdo bacteriana pode levar a processos inflamatdrios cronicos, vinculados com a progresséo do cancer,
além da atividade antiapoptotica que certas bactérias possuem e a produgdo de metabdlitos com potencial
carcinogénico por estes microrganismos.

Fonte: adaptada de Karpinski (2019).

Por volta de mil espécies bacterianas foram encontradas no microbioma oral humano
(DEWHIRST et al., 2010). De acordo com analises ja realizadas, verificou-se que 96% das
bactérias orais totais (BIK et al., 2010) sdo constituidas pela dominancia dos filos Firmicutes
(36,7%), Bacteroidetes (17,1%), Proteobacteria (17,1%), Actinobacteria (11,6%),
Spirochaetes (7,9%) e Fusobacteria (5,2%).

Quando sdo analisados os filos que constituem a comunidade nativa bacteriana oral,
nota-se que muitas das bactérias nativas da flora oral (género/espécie) pertencentes a estes filos
possuem caracteristicas que, em uma situacdo disbidtica, podem acarretar doengas locais e
sistémica, incluindo cancer. Neste trabalho, encontram-se alteracGes nas espécies e géneros

mencionados nos paragrafos abaixo, respectivamente divididos nos filos ao qual pertencem.
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Firmicutes é um filo de bactérias gram-positivas. As bactérias gram-positivas nédo
possuem membrana externa, por isso sd0 mais suscetiveis aos antibioticos (Figura 5). O género
de bactéria mais abundante neste filo que é encontrado na cavidade oral, segundo as
informacdes provenientes do estudo de Sasaki et al. (2005), é o Streptococcus. Em consonancia
com Wescombe et al. (2009), esse género tem a caracteristica de ser antagdnico aos patégenos
orais, matando ou inibindo espécies bacterianas por meio da producéao de bacteriocinas, porém,
em certas situacdes, como em hospedeiros imunocomprometidos, podem proliferar de forma
incomum, causando danos aos tecidos e respostas imunologicas prejudiciais ( WESCOMBE et
al., 2009).

Figura 5 — Bactéria gram-positiva (1).
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* Bactérias gram-positivas possuem uma grande camada de peptoglicanos como constituintes de sua parede
celular.
Fonte: elaborada pela autora (2021).

Um grupo de espécies pertencentes a este género, Streptococcus anginosus,
Streptococcus. constellatus e Streptococcus. intermedius, sdo tidos como patdgenos associados
a multiplas infecgdes (GRAY, 2005). N&o obstante, Karpinski (2019) traz a informag&o de que
as espécies Streptococcus salivarius, Streptoccocus intermedius e Streptococcus mitis possuem
a enzima alcool desidrogenase (ADH, do inglés alcohol dehydrogenase), que metaboliza o
alcool em acetaldeido, considerado carcinogénico (KARPINSKI, 2019).

De acordo com a informac&o encontrada no estudo de Mizumoto et al. (2017), a espécie
Peptostreptococcus stomatis, pertencente ao género Peptostreptococcus, e a espécie
Parvimonas Micra, pertencente ao género Parvimonas podem causar infec¢Ges no hospedeiro
(destruicdo periodontal). O género Gemella (espécies Gemella haemolysans e Gemella
morbillorum), em hospedeiros imunocomprometidos, pode ser um patdgeno oportunista,
causando infeccBes graves ou/e generalizadas (DWORKIN et al., 2006). Ainda, a espéecie
Filifactor alocis, do género Filifactor, pode desempenhar um papel significativo na doenca
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periodontal (ARUNI; ROY; FLETCHER, 2011). Em relacdo a espécie Granulicatella
adiacens, do género Granulicatella, houve uma associacdo desta com infecgdes invasivas
(SCHMIDT, 2019).

O filo Bacteroidetes é formado por bactérias gram-negativas, que possuem uma capsula
protetora que evita que glébulos brancos atuem contra infecgdes (Figura 6). Sob essa capsula,
essas bactérias possuem uma membrana externa que as protege de certos antibioticos, além de
liberar LPS, que tém grande influéncia nos processos inflamatoérios. Whitmore e Lamont (2014)
mencionam que, em estudos recentes, um aumento em abundancia na mucosa oral de espécies
comensais do género Prevotella, (espécies Prevotella intermedia, Prevotella tannerae,
Prevotella melaninogenica, Prevotella salivae e Prevotella loeschii) possa promover
periodontites e doencas sisttmicas (WHITMORE; LAMONT, 2014).

Figura 6 — Bactéria gram-negativa ().
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* As bactérias gram-negativas possuem uma pequena camada de peptoglicanos como constituintes de sua parede
celular, porém possuem uma membrana externa e lipopolissacarideos.
Fonte: elaborada pela autora (2021).

Os pesquisadores Inaba et al. (2014) demonstraram que a espécie P. Gingivalis, do
género Porphyromonas, e do filo Bacteroidetes, possuem grande poder inflamatorio, tendo,
talvez, papel significativo no processo da carcinogénese oral (INABA et al., 2014). P.
gingivalis pode causar a fosforilacdo significativa da proteina pré-apoptotica Bad (proteina da
familia Bcl — Bcl-2, do inglés Associated Death Promoter) na membrana mitocondrial,
promovendo sua inativagdo atraveés da quinase associada Janus (JAK, do inglés Janus
associated kinase), das vias Akt-Stat3 (Akt, do inglés Protein Kinase B) e Stat3 (do inglés,
Signal transducer and activator of transcription) (KARPINSKI, 2019). Também essa bactéria
secreta uma enzima antiapoptotica chamada nucleosideo difosfato quinase (NDK, do inglés

Nucleoside diphosphate kinase), que cliva adenosina tri-fosfato (ATP), impedindo a ativacéo
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do receptor idnico pré-apoptdtico P2X7 (sem traducdo), desempenhando, de acordo com
Whitmore e Lamont (2014), papel critico na promoc¢éo do crescimento celular, acelerando o
ciclo celular pela manipulacdo da quinase dependente de ciclina (CDK, do inglés cyclin-
dependent kinase) e reduzindo o nivel de proteinas supressoras de tumor, como a p53 (sem
traducéo).

Este patdgeno também pode modular, nas mitocondrias, espécies reativas de oxigénio
(ROS) (do inglés, Reative Oxigen Species) (KARPINSKI, 2019), que tém relacio com
processos inflamatorios e com o cancer. Inclusive, P. gingivalis, de acordo com 0 mesmo autor,
produz uma proteinase de cisteina denominada gingipains, que pode clivar a pré-enzima
metaloproteinase 9 (MMP-9, do inglés Matrix Metalloproteinase 9), promovendo sua
maturacio pela influéncia do fator de transcricdo NF-kB (KARPINSKI, 2019), gerando uma
degradacdo da matriz extracelular e promovendo o processo de migracdo e invasdo celular
(INABA et al., 2014) (Figura 7).

Figura 7 — Vias moleculares relacionadas ao processo de carcinogénese pelopatégeno P. gingivalis (1).
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* Possiveis mecanismos utilizados pelo patégeno Porphyromonas Gingivalis. NDK- Nucleoside diphosphate
kinase; ATP- Adenosina trifosfato, P2X7 = receptor idnico/sem traducdo; ROS =Reative oxigen species; JaK 1=
JAK, do transcription; BAD= proteina pré-apoptoticada; p53= proteina supressora do tumor; Gingipains=
proteinase de cisteina; NF-KB = nuclear factor kappa beta; proMMP-9 = pro matrix metalloproteinase 9, MMP
9= matrix metalloproteinase.

Fonte: adaptada de Karpinski (2019).

O género Capnocytophaga (espécies Capnocytophaga gingivalis e Capnocytophaga

leadbetteri ssp) possuem um papel na doenca periodontal (HELLER et al., 2012), assim
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tornando-se patdgenos oportunistas, vinculados com infeccbes em pacientes com cancer
(JOLIVET-GOUGEON et al., 2005).

O filo de bactérias gram-negativas Proteobacteria apresenta microrganismos que
podem ser considerados patdégenos. No género Campylobacter, em relacdo a espécie
Campylobacter concisus, Liu et al. (2018) relatam que ndo existe evidéncias cientificas
suficientes para comprovar a associagdo entre a espécie C. concisus com qualquer doenca oral
ou inflamacdo. Entretanto, o trabalho desses autores ressalta a possivel teoria de que o flagelo
da espécie C. concisus pode ser um fator de viruléncia, estimulando as producgdes de
interleucina 8 (IL-8, do inglés Interleucin 8), fator de necrose tumoral alfa (TNF —a, do inglés
Tumoral Necrosis Factor Alpha) em macréfagos da linhagem de monécitos humanos THP-1
(sem traducdo) (L1U et al., 2018). No género Nesseria, existem bactérias que possuem a enzima
ADH, que converte alcool em aceltadeido, uma substancia altamente cancerigena. O estudo de
Muto et al. (2000) sugere que o aumento de taxa do género Nesseria e sua produgdo de ADH
podem ter um possivel papel na carcinogénese.

Em se tratando do filo gram-positivo Actinobactéria, a espécie de bactéria anaerdbia
facultativa Rothia mucilaginosa, pertencente ao género Rothia, também é encontrada na flora
normal da cavidade oral, embora possa ser considerada um patdgeno oportunista,
principalmente em individuos imunocomprometidos (STACKEBRANDT, 2006). O género
Atopobium, formado por bactérias obrigatdrias ou facultativa anaerdbias, possuem diferentes
espécies que tém sido associadas a diversas doencas sistémicas (COOLS et al., 2011).

O filo Spirochaetes ndo sera abordado neste trabalho, ja que nenhum género ou espécie
foi encontrado alterado, tanto em pacientes acometidos por cancer oral quanto em controles
saudaveis.

Estudos referentes ao filo Fusobacteria, formado por bactérias anaerdbias e gram-
negativas, relatam vinculos ja bem estabelecidos com estados patologicos. Bactérias gram-
negativas, como ja mencionado neste trabalho, possuem uma cépsula protetora, que resulta em
dificuldade para o sistema imune combater infeccdes. Sob esta capsula, tais bactérias contam
com uma membrana externa que as protege de certos antibiéticos e liberam endotoxinas (LPS),
gue apresentam grande influéncia nos processos inflamatorios. Os LPS presentes na espécie
patogénica F. nucleatum, pertencente ao género Fusobacterium, podem levar a inflamacéao por
estimulacdo e producdo de mediadores inflamatorios (SOCRANSKY'; HAFFAJEE, 2005). Tal
processo, segundo Whitmore e Lamont (2014), se d& pela ativacdo de citocinas inflamatdrias
TNF-a, Interleucina 1b (IL1b, do inglés Interleucin 1) e Interleucina 6 (IL-6, do inglés

Interleucin 6), modulando vérias vias antiapoptoticas por meio da indugédo da sinalizagdo de
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NF-kB e pela ativacdo dos receptores TRLs pelo LPS (WHITMORE; LAMONT, 2014). O LPS
também pode ativar e intensificar a expressao da sinalizacéo da proteina B-catenina, através da
ligacdo de adesinas A de F. nucleatum (FadA, do inglés Fusobacterium Nucleatum Adhesin A)
e de proteina ciclina D1. (WHITMORE; LAMONT, 2014). Os autores ainda mencionam o
aumento da expressdo dos oncogenes C-myc (sem tradugdo) e o controle do ciclo celular,
podendo modificar a proliferacdo e o processo migratorio pela ativacdo das ciclinas
dependentes de quinases (CDKs, do inglés Cyclin Dependent Kinases), e pela ativacdo de
CDKs, que, consequentemente interferem na proteina p38 (sem traducéo), ativada por estresse,
levando a secrecdo de MMP-9 e MMP-13, desempenhando um papel importante nos processos
de invasdo tumoral e metastase (WHITMORE; LAMONT, 2014) devido a degradacdo da

matriz extracelular.

Figura 8 — Vias moleculares relacionadas ao processo de carcinogénese pelo patégeno F.nucleatum (I).
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* Possiveis mecanismos utilizados pelo patégeno Fusobacterium nucleatum. FaDA = Fusobacterium nucleatum
adhesin A; LPS- Lipopolysaccharide; NF-KB = nuclear factor kappa beta; myc = (oncogene-sem traducéo);
Ciclina D = Ciclina envolvida no ciclo celular; CDKs = Cyclin dependent kinases; P38 = proteina ativada por
estresse (sem traducéo); proMMP- 9 = pro matrix metalloproteinase 9; proMM- 13= pro matrix metalloproteinase
13; MMP 9= matrix metalloproteinase 9; MMP 13= matrix metalloproteinase 13.

Fonte: adaptada de Karpinski (2019).
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2 HIPOTESE

AlteracOes na microbiota bucal podem contribuir para o processo de evolugéo do cancer

bucal.
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3 JUSTIFICATIVA

Apesar de todos os avancos tecnoldgicos na caracterizacdo da microbiota e dos
diferentes tipos de pesquisas com diferentes abordagens, os estudos relacionados a microbiota
oral e sua possivel influéncia no cancer oral ainda sdo escassos e divergem em seus resultados.
Contudo, a maioria desses estudos mostrou diferengas significativas na composigdo microbiana
entre 0 mesmo paciente com CEC/OSCC ou em comparacdo com controles saudaveis, muitas
vezes por meio de amostras de tecido canceroso e sadio ou por saliva (PERERA, 2016).
Entretanto, os pesquisadores ainda ndo chegaram a um consenso referente a identificacdo de
bactérias especificas, padrdes de disbiose microbiana oral ou possiveis mecanismos que podem
implicar no processo de carcinogénese.

Assim, analisou-se neste trabalho o material encontrado na literatura respectiva ao tema
em questdo, observando desde sua construcdo metodoldgica, aspectos demogréaficos, perfis
tumorais e resultados microbianos, tentando tracar uma linha de raciocinio que ilumine os
diversos, e muitas vezes controversos, resultados encontrados, elucidando duvidas sobre
possiveis relacdes entre fatores externos, padrdes microbianos potencialmente associados a
etiologia do céancer e vias celulares especificas, podendo associar-se ao desenvolvimento do
tumor. O intuito deste trabalho é compreender, de forma mais linear e concisa, sobre a
existéncia ou ndo da relacdo entre o microbioma/microbiota oral e o cancer oral que, se
comprovada, num futuro, pode se tornar uma opcao nao invasiva de analise da cavidade oral
através da abundancia de certos microrganismos que podem tornar-se candidatos a

biomarcadores para o cancer oral.
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4 OBJETIVOS

A seqguir, sdo listados os objetivos geral e especifico da presente pesquisa.

4.1 OBJETIVO GERAL

Analisar a relagdo entre a microbiota oral e OSCC, encontrando um padrdo consistente
de resultados microbioldgicos, tanto relacionados as bactérias envolvidas no tumor quanto as

possiveis vias que podem estar associadas ao cancer.

4.2 OBJETIVO ESPECIFICO

Realizar revisao sistematica de literatura analisando os artigos que abordaram a inter-

relacdo de microbiota bucal com o céncer de boca.
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5 RESULTADOS

O produto desta dissertacdo consiste em uma revisdo sistematica submetida para a
revista Journal of Cancer Research and Clinical Oncology, e, como principais resultados,
encontrou-se, de fato, uma grande diversidade microbiologica entre os estudos eleitos para a
revisdo. Em vista disso, ao analisar estes os mesmos resultados bacterianos, dividiu-se em filos
e, desta forma, pode-se visualizar claramente que a ordem nativa de filos constituintes da
cavidade oral se alterou nos pacientes com cancer. Subentende-se, a partir desta analise, que
realmente existe uma diferenca entre estes dois ambientes, mas as bactérias exatas que estao

relacionadas a este processo ainda ndo séo conhecidas.

Figura 9 — Listagem do resultado microbioldgico pertinente a todos os 28 artigos analisados,
divididos por filos.
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* Sublinhadas estdo as espécies de bactérias. No canto inferior direito, o resultado da analise das bactérias atraves
de sua associagdo com os filos. Pode-se notar que houve modificacdo tanto em ordem quanto proporc¢éo destes
filos nos pacientes com cancer oral.
Fonte: elaborada pela autora (2021).
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ABSTRACT

Background: Oral cancer, the sixth most common malignancy worldwide, develops upon an
environment with a diverse and complex microbiota.

Objective: The main objective of this systematic review is to address the possible relationship
of the oral microbiota and oral carcinogenesis.

Data sources: A search in Pubmed, SCOPUS and Web of Science in September 2020. Study
eligibility criteria: We included cross-sectional and observational studies that evaluated the oral
microbiota or the microbiome of affected mucosal tissue of individuals diagnosed with oral
cancer and healthy individuals or unaffected mucosal tissues, without any restriction on date of
publication.

Participants: Health individuals and individuals diagnosed with OSCC.

Results: The initial searches yielded 1.689 sutidies, of which 28 meet our inclusion criteria. The
phylum Firmicutes was the most frequently altered in oral cancer (n=22, 81.48%), followed by
Fusobacteria (n=18, 66.67%), Bacteroidetes (n=16, 59.26%), Actinobacteria (n= 14/51.85%),
Proteobacteria (n= 12/44.44%) as well as the fungal genera Candida sp (n=2). Due to
methodological diversity among studies, it was not possible to perform a meta-analysis. Besides
the need for more standardized studies correlating microbiota results with personal habits, these
findings indicate that oral microbiota, especially periodonto-pathogenic bacteria, could be

called “OSCC-related bacteria” and may be an adjuvant risk factor for OSCC progression.

Keywords: Oral Squamous Cell Carcinoma, oral leukoplakia, oral cancer, microbiome,

bacteria, fungi

INTRODUCTION

Cancer is a one of the major public health issue worldwide [1]. Oral cancer is the sixth
most common malignancy in humans [2], within 363.000 annual new cases worldwide and
almost 200.000 deaths [3]. Oral Squamous Cell Carcinoma (OSCC) corresponds to 90% of oral
cancers, with a low 5-years survival rate, mainly related to late diagnosis [4, 5], with slight
improvements reported in the last decades [6, 7, 8]. Several chemical, physical and biological
factors are associated with OSCC carcinogenesis [9, 10, 11, 12]. More recently, it was observed

that oral microbiota might affect OSCC aggressiveness and/or re-incidence [13].
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The oral microbiome is one of the most diverse and complex microbiological
ecosystems in the body. Oral cavity has favorable conditions for microbial growth [14, 15], and
saliva plays an important role influencing the homeostasis of this ecosystem [16, 17]. There are
around 1.000 bacterial species present in the oral cavity of humans [18]. A native, least variable
and common-shared healthy-associated microbiota is found among individuals, being this
microbial community dominated by the phyla Firmicutes (36.7%), followed by Bacteroidetes
and Proteobacteria (34.2%), Actinobacteria (11.6%), Spirochaetes (7.9%) and Fusobacteria
(5.2%) [15] (Figure 1) and by some specific genera, as Streptococcus sp [19].

The oral cavity may be affected by some diseases, such dental caries and periodontal
diseases, as a result of dysbiosis on this native and common-shared microbiota [20, 21]. In this
respect, increasing evidences have also suggested a potential role of oral microbiome on the
onset of oral cancer, especially on OSCC [10], but available data is still conflicting.

The aim of this systematic review is to analyze the potential relationship between the
oral microbiome and oral carcinogenesis focusing on microbial patterns potentially associated
to precancerous and cancerous lesions. We hypothesize that specific microbial patterns are
enriched on precancerous and cancerous lesions inducing specific cellular pathways associated
with tumor development. Moreover, we envisage that abundant microorganisms might be

biomarkers candidates for oral cancer.

MATERIALS AND METHODS
Protocol and registration

This systematic review was performed following the Preferred Reporting Items for
Systematic Review (PRISMA) statement and the Cochrane guidelines and it was registered at
PROSPERO database (CRD42020169256).

Research question

The research question was formulated using Patient (P), Comparator (C) and Outcome
(O) framework [22]: Patents diagnosed with oral cancer (P), the oral microbiome or mucosal
tissue-associated microbiome (O) were compared to healthy patients or to unaffected mucosal
tissues (C).
Is there any relationship between the oral microbiota and the occurrence of oral cancer?
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Eligibility Criteria

This review included cross-sectional and observational studies that evaluated the oral
microbiome or affected mucosal tissue of individuals diagnosed with oral cancer and healthy
individuals. The following exclusion criteria were: 1) studies out of scope for this systematic
review; 2) animal studies; 3) in vitro studies; 4) Systematic reviews or Narrative Reviews; 5)

Book chapters.

Sources of Information and Search

The searches were carried out in three databases (PUBMED, Web of Science and
SCOPUS) in September 2020 according to the following descriptors “neoplasia” OR
“neoplasm” OR “tumor” OR “cancer” AND “oral microbiome” OR “oral microbiota”. The
results obtained were exported to the EndNote Basic/Online software (Thomson Reuters,

Toronto, Canada), desktop version.

Study Selection and data extraction

Studies were screened by title and abstract. Potentially eligible studies were then
assessed for full-text reading. All references of the included articles were manually searched.
Two independent researchers (MBS and LD) performed study selection and data extraction. A
third researcher (LB) solved any disagreement, while table four showed the risk of individual
study bias.

Data such as author, year of the publication, tumor type, country, age and gender of the
participants, oral status, personal habits (smoking, drinking, betel quid chewing and diet),
information about the cohort of each study (sample type used and the comparative groups, the
methodology used to characterize the oral microbiome, tumor-related data (TNM and clinical

stage) and the main microbial outcome were extracted from the eligible studies.

Assessment of risk of bias

The risk of bias was assessed by one author (MBS) with the “The Joanna Briggs Institute
Critical Appraisal tools” for use in JBI for “Prevalence Studies”. The risk of bias was ranked
as High when the study reached up to 49% of "yes" score, Moderate when the study reached
from 50% to 69% of "yes" score, and Low when the study reached over 70% of "yes" score.



37

RESULTS
Selection of studies

The search resulted in 1.689 studies. After removing the duplicates, 1.186 proceeded
to the analysis of the titles. Of these, only 128 were considered potentially eligible. After
abstract reading, 25 articles were selected for full-text reading. From the reference list of the
included studies (3.197 references), three studies were identified and manually included,
resulting in 28 studies [23-50] (Figure 1).

Year of publication ranged from 2005 to 2020. Twenty one studies had the main focus
in OSCC (oral squamous cell carcinoma), one in GSCC (gingival squamous cell carcinoma),
one in OLK (oral leukoplakia) one with both OSCC and OLK, one regarding OPMD
(oral potentially malignant disorder), one with both OSCC/OPMD, one regarding to OMTD
(oral mucosa and tongue cancer), and one about OCC (oral cavity cancer) and oropharyngeal
cancers (OPC)

Demographic and overall aspects of participants

The mean age of patients was 60.26+9.8 years (n=14 studies). Only 10 studies showed
the data of healthy controls (46.9+8.6 years). One study showed the average age of the entire
population included in the analysis (60.5+13.2 years). Eight studies brought the age of the
participants included as “mean age” (59.6 years). One study reported that the total population
included in the study was under 50 years old, and another did not report the age of patients with
tumor, but informed the age of health controls (under 40 years). Another study also reported
information of the total population included, but in range (40-64 years). Regarding the
potentially malignant lesions, two studies showed the average age of the patients in mean+SD
(66.5+11.43 years) and another two informed in median age (patients = 57.3 years/Health
control = 45.15 years).

Twenty-four studies brought information about the gender of the participants, with 19
studies having male and female participants, and 5 studies having only male participants. Four
studies did not mention the gender of the participants.

Nine studies informed the oral status of the participants (i.e. use of dentures, number of
teeth, brushing, use of mouthwashes, regular visits from dentists and periodontal diseases).
Nineteen studies did not present the actual or accurate information about the oral status of the
participants.

Regarding personal habits, 23 studies showed information about the amount of

participants that are current smokers/ex-smokers/nonsmokers, in both cancer group and health
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controls. Five studies did not provide any information about smoking habits. Six studies
presented information about betel quid chewing. Drinking habits were reported in 22 studies,
20 studies showing information about current drinkers/heavy drinkers/former drinkers and non-
drinkers while in 2 studies individuals that did not have drinking habits were assessed. Six
articles did not show accurate information about drinking habits. None of the 28 included
articles showed information about diet habits (table 1).

Sample type, cohort data, methodology (microbiome profiling) and tumor results

Thirteen studies used saliva samples for analysis. Nine studies used tissue samples. Four
studies used mixed types of samples for their analysis. Fourteen studies reported two groups of
participants (cancer and healthy-control individuals) and other 14 studies reported only one
group of participants.

Twenty-three studies used targeted amplicon analysis (16S rRNA amplicon
sequencing). From these, seven studies used the region V4, six used the region V3-V4, three
studies used the region V4-V5, two studies used the region V1-V3, two used the region V1-V2,
one used the region V6-V8 and two studies did not specify the 16S region used. Two studies
used the target amplicon analysis (16S rRNA) combined with gPCR and fluorescence in situ
hybridization. One used checkerboard DNA/DNA hybridization, one sequenced the DNA for
the fungal internal transcribed spacer (region 2), and one used metatranscriptome analysis.

Seven studies brought information about the TNM stage, and 8 studies showed

information about the clinical stage of the participants (table 2).

Main microbial outcome

Of the twenty-eight studies included in this review (table 3, Supplementary material 1),
most of included studies reported changes on abundance of the phylum Firmicutes among the
tested conditions (n=22; 78.57%), followed by Fusobacteria (n=18; 64.29%), Bacteroidetes
(n=17; 60.71%), Actinobacteria (n=14; 50.00%) and Proteobacteria (n=12; 42.86%) (Figure
2B). Only one study did not show detailed information about the bacterial outcome, since it
only mentioned that most of the bacteria found in the tumor were saccharolytic and acid-
tolerant. Therefore, this study was not considered in the following descriptive analysis.

Increased Firmicutes abundance was found in 22 studies either in tumors or in malignant
lesions (OSCC, GSCC, OMTC, OSCC and OLK, OSCC and OMPD), most of them being
related to OSCC, whereas a decreased abundance was also found in OLK. A decrease in

abundance of order Lactobacillales in OSCC has also been reported. Nine studies reported
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changes in Streptococcus sp abundance among the tested conditions, with 5 studies showing an
increased abundance in OSCC, GSCC, OMTC and OSCC/OMPD, while 4 studies showed a
decrease in abundance in OSCC, OSCC/OLK or a higher abundance in healthy controls.
Moreover, within this genera, some species (Streptococcus sp. Oral taxon 058, S. anginosus, S.
constelatus S. gordonii, S. parasanguinis S. salivarius and S. sanguinis) were more abundant
in OSCC, while S. oralis was less abundant. One study reported increased abundance of S. mitis
in OSCC while 3 studies showed a decrease in its abundance in cancer samples (OSCC and
OMPD). The genera Bacillus sp, Catonella sp, Enterococcus sp, Filifactor sp, Gemella sp,
Lactobacillus sp, Peptococcus sp and Solobacterium sp also showed increased abundance in
OSCC, OSCC/OPMD or in OSCC/OLK. At species level, F.alocis, J.ignava, G.haemolysans
and G. morbillorum were also increased in OSCC. On the other hand, Veillonella sp and G.
adiacens ssp presented a decreased abundance in OSCC/OMPD. Oribacterium sp was either
increased or decreased in OSCC.

Eighteen studies found an increase in Fusobacteria abundance in OSCC, OSCC/OMPD,
OLK and GSCC. One study found a decreased abundance in OMTC. An increase in
Fusobacterium sp abundance in OSCC, OLK and GSCC has been reported, being the species
F. nucleatum subsp. polymorphum, F. naviforme, F. periodonticun and Fusobacterium sp oral
taxon 204 increased in OSCC. F. nucleatum ssp was increased in OSCC and OMPD. Moreover,
Leptotrichia sp abundance was increased in OSCC, but decreased in OLK.

Seventeen studies showed an increased abundance of Bacteroidetes in OSCC, GSCC,
OSCC/OLK and OSCC/OMPD and one study showed a depletion of this phylum in OMTC.
Prevotella sp was more abundant in OSCC and GSCC, but one study reported this genus being
depleted in OSCC. At species level, P. intermedia, P. tannerae, P. melaninogenica, P. salivae
and P. loeschii were more abundant in OSCC. Both Porphyromonas sp and Capnocytophaga
sp were either enriched or decreased in OSCC. At species level, two studies reported P.
gingivalis ssp increased in OSCC and OSCC/OLK and one study reported decreased abundance
in OSCC. P. pasteri ssp was found depleted in OSCC. The species C. gingivalis and C.
leadbetteri were increased in OSCC. Furthermore, Alloprevotella sp and Paludibacter sp were
also more abundant in OSCC.

Fourteen studies showed increased abundance of Actinobacteria in OSCC and,
GSCC/OLK. The genera Acinetobacter sp, Slakia sp and Atopobium sp were increased in
OSCC and in GSCC. Clavibacter michiganensis subsp.tessellarius was also increased in
OSCC. The order Actinomycetales and the genus Actinomyces sp presented lower abundance
in OSCC and GSCC and was decreased in one OSCC study. The abundance of Rothia sp, and
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Corynebacterium sp were either increased or decreased in OSCC. Moreover, while
Corynebacterium sp was increased in OSCC, it was decreased in GSCC. R. mucilaginosa ssp
was increased in OSCC, but decreased in OLK.

Regarding the phylum Proteobacteria, 12 studies reported increased abundance on
OSCC, GSCC, OLK, and OSCC/OMPD. Campylobacter sp and Pseudomonas sp presented
increased abundance in OLK and OSCC, while Actinobacilus sp presented decreased
abundance in OSCC. At species level, C. concisus, Campylobacter. oral taxon 44, H. influenza,
P. aeruginosa, A. segnis and R. insidiosa were increased in OSCC or OLK. For the other genera,
conflicting results were found. Neisseria sp was increased both in GSCC and OSCC/OPMD
studies, but also decreased on OSCC. Haemophilus sp presented an increased abundance in
GSCC, but a decreased abundance in OSCC. H. parainfluenzassp and Sphingomonas sp.
Pc5.28 were found decreased in OSCC patients.

Regarding fungal composition, increased abundance of Candida sp, Hannaella sp and
Gibberella sp were found in OSCC and OLK. At species level, C. albicans, C. etchellsii and H.
luteola were enriched.

It is important to highlight that some studies in this review have found important
differences in bacterial communities when comparing patients with different TNM stages. Yang
C-Y et al [39] found that the species S. mitis, H. parainfluenzae, and P. pasteri were inversely
associated with OSCC progression. In addition, the authors found that 9 out of the 10 bacteria
that were identified in stage 4 were also enriched in OSCC stage 1 to stage 3. Takahashi A et
al [25] found a negative correlation of the genera Rothia and T-stage progression. Collectively,
these results indicated that specific pathogenic bacteria can have a significantly different

expression in patients according to TNM.

Risk of bias of studies

Twenty-four studies had a low risk of bias, followed by 2 studies with a moderate risk
and 2 studies with a high risk. Studies that did not analyze the data with sufficient coverage of
the identified sample received the score “Not applicable” in item 5, following the
recommendations of the “Joanna Briggs Institute Critical Appraisal Checklist for Diagnostic

Test Accuracy Studies” (table 4).

DISCUSSION
Tumor microenvironment (TME) has a critical role on cancer development and

progression [51]. The understanding on how microbiota affects carcinogenesis and tumor cell
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behavior emerges as an important factor for patient prognosis or treatment, as observed in the
relationship of Helicobacter pylori and gastric cancer [52, 53]. In this systematic review, we
observe several bacterial candidates that could potentially play a role on oral cancer
development pathways as well as on its progression.

There are several pitfalls to the analysis of the role of microbiota on oral cancer. The
“native oral microbiota” varies from individual to individual and it is influenced by gender [3],
personal habits [54, 55, 56], oral hygiene [57, 58] and the presence of other oral diseases that
generate a state of dysbiosis [11]. In addition, the origin of the samples affects the outcome,
since saliva is directly in contact with the tumor, and contains bacteria from various intraoral
surfaces [59, 60], while microbiota of the tumor and adjacent tissue allows better comparisons
in the same individual or among patients. Furthermore, there is a controversy about the most
efficient hypervariable region for phylogenetic analysis and taxonomic classification [61, 62]
that can cause divergence in the outcomes. Herein, we observed several discrepancies regarding
individual data, variability on sample source and technologies used. More importantly, few
studies (n=7) correlated the microbiota data with demographic and/or more individualistic
factors (e.g.: TNM and clinical stage), which highlights the need for integrative data analysis
in order to address the connection of microbiota with carcinogenesis.

Despite the above-mentioned limitations, this systematic review showed a group of
microorganisms is enriched on cancer-associated samples, such as Campylobacter sp,
Capnocytophaga sp, Fusobacterium sp, Gemella sp, Porphyromonas sp, Prevotella sp,
Pseudomonas sp and Streptococcus sp. However, it is still unclear whether this microbial
change is induced by the TME per se, or whether the enriched abundance of those
microorganisms led to tumor development. Although we recognize the individual differences
on microbiome composition, it seems that a group of microorganisms may be associated to
TME. Moreover, some bacteria seems to be enriched on more advanced lesions. Therefore, the
identification of such microorganisms might shed light on potential microbial biomarkers that
could be used for oral cancer diagnosis and for lesion monitoring.

A possible mechanism by which microbiota could affect carcinogenesis is a direct effect
on signaling pathways. Studies show that species P. gingivalis and F. nucleatum may be
involved in pathways that promote oral cancer [63, 64, 65, 66, 67, 68]. In this systematic review,
studies reported P. gingivalis increased in OSCC and OSCC/OLK, and also reported an
increased abundance of Fusobacterium sp (i.e. F. nucleatum ssp) on oral cancer. The bacteria-
related phenotypes in tumor cell include increased cell proliferation and expression of
oncogenes, activation of pro inflammatory factors (NF-KB), MAP14 and MAP18 and NF-KB1
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[63, 69], control of the cell cycle through cyclins [63, 70] or the negative regulation of kinases
(Chk2 aurora A, CK1delta and CK1lepsilon) interfering with p53 [63, 71], production of IL-6
that leads to the activation of STAT 3 and an increase in the cyclin factor D1 [63, 72] (Figure
3).

Bacteria may also be involved in apoptosis, since they are related to activation of
receptors (B7-H1), leading to apoptosis of activated T cells [63, 73], in tumor cells and
increased presence of Toll-like receptors (TLR) 2 induces the expression of miR-146a- 5p [63].
Besides that, TLR2 receptor, that are essential for the modulation of the immune system, detects
bacterial LPS (lipopolysaccharide), present in the outer membrane of Gram-negative bacteria
(such as Campylobacter sp, Capnocytophaga sp, Fusobacterium sp, Porphyromonas sp,
Prevotella sp and Pseudomonas sp), which were enriched on oral cancer patients (Figure 2A).
An increased circulation of LPS can cause chronic inflammation [74]. TLRs have been
associated with cancer, by increasing cell proliferation, invasiveness, and angiogenesis [74]. In
an in vitro study, interactions between OSCC cells, monocytes and LPS consistently stimulate
the production of IL-6 and VEGF, and LPS can directly stimulate cancer supporting factors and
chemoattractants [75]. TLR 2 induces the expression of miR-146a- 5p [63] which suppresses
the apoptosis regulatory molecule CARD10 [63, 76]. In addition, the activation of Snail and
Twist and decrease of E-cadherin was observed [63, 77] indicating a role during epithelium to
mesenchyme transition [78]. Altogether, these evidences suggest a potential role of Gram-
negative microorganisms on tumor cell behavior and, consequently, their impact on clinical
outcomes (Figure 3).

TME is formed by a variety of non-mutated cells (i.e. fibroblasts, neutrophils,
macrophages, lymphocytes) and extracellular matrix (ECM) that play an important role in the
process of carcinogenesis [79, 80]. It is possible that microbiota will affect carcinogenesis
indirectly, by modulating TME and the release of cytotoxic substances [81]. Bacteria-related
changes on MMP-2, MMP-3 and MMP-9 results in ECM [63] and, consequently, contributes
to tumor invasion and metastasis. P. gingivalis ssp and F. nucleatum ssp increase the production
of IL-6 that induces the formation of VEGF, and activates the JAK/STAT pathway important
for angiogenesis [63], which is essential for tumor growth. Oral bacteria further inhibit the
phagocytosis of tumor cells by macrophage as well as lead to a pro-tumor macrophage
polarization (M2) [63]. Overtime, these indirect effects of microbiota could result in
carcinogenesis (Figure 3).

Effects from external factors might cause a positive loop favoring a pro-tumor

microbiota (Figure 3). Alcohol per se is not considered a carcinogenic substance, but the
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metabolism of alcohol into acetaldehyde derived from certain types of bacteria have a high
carcinogenic power [82] (Figure 3). Tobacco-related changes on oral microbiota affect
functional pathways such as carbohydrate, energy and xenobiotic metabolism [54, 83] and
initiate the formation of reactive oxygen and carcinogenic substances on TME and tumor cells
[84]. Periodontal diseases may also have an influence in precancerous lesions and oral
neoplasms by broking the mucosal barrier that enhanced the penetration of carcinogens such as
tobacco and alcohol and the cellularity in blood vessels and connective tissue in chronic
inflammation [84, 86].

Although our central focus in this review was the bacterial profile of the oral microbiota
in relation to cancer, changes on the fungal oral environment also were observed. Perera et al
noted that the genus Candida sp was overexpressed in OSCC [38]. Amer et al. also noted an
increase in the Candida genus in OLK patients compared to healthy controls [59]. According
to Sanjaya P.R et al, the nitrosation potential of the Candida albicans ssp results in production
of carcinogenic nitrosamine, thus pre-disposing the oral epithelium to dysplastic changes
leading to carcinoma [87]. In addition, the integrity of the oral mucosa and tobacco-smoking
habits might enhance the virulence of the organism, suggesting that the species C. albicans in
conjunction with tobacco usage enhances the process of carcinogenesis [87].

In conclusion, we observed that groups of microorganisms are enriched on patients
diagnosed with oral cancer. However, we point out that defining oral bacteria as an independent
risk factor for oral cancer development is still not accurate, mainly due to methodological
divergence in the studies. For instance, more advanced studies assessing the role of oral
microorganisms on tumor development are still needed. Nonetheless, certain oral
microorganisms probably induced by other risk factors have the ability to affect oral cancer
progression and they may be considered in the near future as potential complementary methods

for early diagnosis, prognosis and more effective treatments.
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AUTHOR/ AGE ORAL
YEAR TUMOR COUNTRY (years) GENDER STATUS HABITS
SMOKE DRINK BETEL DIET
Al-hebshi, N et al (meanSD)
[41] 0SsccC Yemen T=53.6x£10.4 M/F N/A N/A N/A N/A N/A
(2017) C=52.3+8.9
(mean age)
Amer’(gf;)"’" [48] OLK Ireland OLK= 60.6 M/F yes yes yes N/A N/A
C=50.3
Boernigen, D et al (age mean)
[28] 0SscC USA N= 58 M/F yes yes Yes N/A N/A
(2017)
Chang, C et al [33 mean+SD
9(2018) [33] oscc N(: s ilO). A N/A N/A yes Yes N/A N/A
DECSI,(2GO§;;;:1 | [26] OPMD* Hungary (a?i rgg.aén) M/F yes yes yes N/A N/A
(mean£SD)
Ga”'y('z'oig;’" [40] 0scc T=59.8+10.9 N/A N/A yes yes N/A N/A
C=44.4+15.6
Hashimoto, K et al (a?E g](? %n)
[24] OSCC/OLK Japan 6: 3’1 M/F N/A Yes No N/A N/A
(2019) OLK=58.3
Hooper, Set al (mean£SD)
[44] 0sccC United Kingnton 66.9+12.7 M/F N/A N/A N/A N/A N/A
(2006)
Hooper, Setal (mean£SD)
[31] 0sccC United Kingnton N=65.3+9.8 M/F N/A yes yes N/A N/A
(2007)
(meanzSD)
Hsiao, J-R et al DG/VG: T=54.7£1.2/
[47] 0SscC Taiwan 53.4+1.3 M yes Yes Yes yes N/A
(2018) DG/VG: C=56.0+0.9/

54.1+1.2
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Lee, W-H et al
132]
(2017)
LiY etal [29]
(2020)

Lim, Y et al [50]
(2018)

Mager, D et al [45]
(2005)

Mok, S et al [46]
(2017)

Table 1: Demographic aspects of studies:

Table 2: (continued)

Mukherjee, P et al
[36]
(2017)
Perera, M et all [27]
(2017)

Perera, M et al [38]
(2018)

Pushalkar, S et al [42]
(2011)
Pushalkar, S et al [30]
(2012)
Schmidt, B et al [34]
(2014)

0SCC

GSCC

OCC, OPC

0SCC

OSCC/OPMD

OMTC

0SCC

0SCC

0OsccC

0OscC

0SCC

Taiwan

China

Australia

USA

China

USA

Sri Lanka

Sri Lanka

USA

USA

USA

(meanSD)
T=53+10
C=52+14

(meanxSD)

T=61+9.49

C=60.87£7.04
(age mean)
T=65
C=(Y: 26/ E: 61/ HR: 59)
(meanxSD)
T=57.6+2.34
C=42.06+1.04
(age mean)
DG/VG: T=60
OPMD= 54
C=40

(mean+SD)
N=60.5+13.2

(meanxSD)
T=61.00+9.5
C=50.58+13.5
(meanxSD)
T=61.00+9.5
C=50.58+13.5
(mean age)
N> 50years
(age mean)
N=59
(mean age)
DCCPC=69.2
CCCPC=59

M/F

M/F

M/F

M/F

M/F

M/F

M/F

M/F

N/A

yes

yes

N/A

N/A

N/A

yes

yes

N/A

N/A

N/A

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

Yes

Yes

Yes

yes

Yes

Yes

N/A

Yes

Yes

N/A

Yes

N/A

yes

N/A

N/A

N/A

N/A

yes

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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Takahashi, Y et al T=N/A
[25] 0osccC Japan C=>40 N/A N/A N/A N/A N/A N/A
(2019)
Yang, C-Y et al [39] (meanSD)
(2018) C=31.2+8.6
0sccC Taiwan T= (stage 1): 53.7+9.4 M/F N/A yes Yes yes N/A

(stage 2): 54.5+11.9
(stage 3): 52.3+9.0

Yang, S-F et al [35] (mean age)

(2017) 0sccC Taiwan N=53 M/F N/A yes Yes yes N/A
Yost, S et al [37] (range of age)

(2018) 0oscc USA 10-64 M N/A N/A no N/A N/A
Zhang, L et al [49] . (mean age)

(2020) 0sccC China N= 61 M/F N/A yes Yes yes N/A
Zhao, H et al [43] (mean age)

(2017) OsccC Japan N= 62 M/F yes N/A N/A N/A N/A
Zhang, Z et al [23] (mean age)

(2019) 0osccC China N=58 N/A N/A yes Yes N/A N/A

TABLE 2: (continued)

* N= population size. T= tumor patients. C= control. M= masculine. F= feminine. N/A= not available. Mean+SD= mean and standard deviation. DG= discovery group. VG=
validation group. Y= young. E= eldery. HR= high risk. DCCPC= discovery cohort cancer patient characteristics. CCCPC= conformation cohort cancer patient characteristics.
OSCC= oral squamous cell carcinoma. OLK= oral leukoplakia. OPMD= oral potentially malignant disorder. OCC= oral cavity cancer. OPC= oropharyngeal cancer. GSCC=
gingival squamous cell carcinoma. OMTC = oral mucosa and tongue cancer.
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AUTHOR/ COHORT DATA METOHODOLOGY TUMOR DATA
YEAR
sample type comparative type TNM clinical
groups stage
Al-hebshi, tissuefepiteliun 16S rRNA amplicon
N et al [41] N=20 sequencing. (V1-V3 osccC N/A N/A
swabs :
(2017) region)
Amer, A et 16S rRNA amplicon
al [48] tissue N= 36 sequencing. (V1-V2 OLK N/A N/A
(2017) region)
Boernigen, L .
D et al [28] Saliva Lntas 18 r(F\Q/N‘lArze?é‘rf)”C'”g oscC  NA  NA
(2017) = g
Chang, C et Tissue 16S rRNA sequencing,
al [33] /Subgingival N=61 (V3-V4 region), gPC_R osccC N/A yes
(2018) plague and fluorescence in situ
hybridization.
Decsi, G et
al [26] tissue N=7 metagenome sequencing OPMD N/A N/A
(2018)
Ganly, | et T n=18 16S rRNA amplicon
al [40] Saliva Cn= sequencing. (V3/V4 0osccC N/A N/A
n=12 :
(2019) region)
Hashimoto, L .
K etal [24] Saliva z; n=6 16SrRNA sequencing  soeig kWA yes
‘n=4 (V4 region)
(2019)
Hooper, S .
et al [44] Tissue N= 20 165 rRNA amplicon 0SCC  NA  NA
(2006) sequencing
Hooper, S flu_or_esco_'ent in_situ
ot al [3’1] _ h_ybrldlzat!on with th_e
(2007) Tissue N=10 universal oligonucleotide 0SscC N/A N/A
probe /16S rRNA
sequencing
Hsiao, J-R L .
etal [47] Saliva g; 2: ﬁ? 165 r(R\I/\I4A; ;eﬂ)‘gm'”g oscce NA  N/A
(2018) -N= g
Lee, W-H .
' . T:n=125 16S rRNA sequencing
et(;(l)i%Z] Saliva Con =127 (V4 region) osccC yes N/A
Li Egg]t al Saliva, T n=10 16S rRNA amplicon
subgingival o sequencing. (V3/V4 GSCC yes N/A
(2020) - C:n=15 .
plaque, tissue region)
Lim, Y etal T n= 52 16S rRNA amplicon
[50] Saliva C _ sequencing. (V6/V8 OCC/OPC  N/A yes
:n=40 :
(2018) region)

Table 2: Cohort, methodological approach and tumor data



TABLE 2 (Continued)
* N= population size. n= sample size. T= tumor patients. C= control. 16S rRNA= 16S ribosomal RNA. N/A= not
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Mager, D et al T:n=
[45] . 45 checkerboard DNA - DNA
(2005) Saliva o hybridization oscc  NA NIA
229
Mok, S et al g'\;;[?
[46] Saliva n=9 | 16S rRNA sequencing (V4 region) OSCC/OMPD N/A N/A
(2017) Cn=9
Mukherjee, P
et al [36] . T:n=53 . .
(2017) Tissue C: n= 40 16S rRNA sequencing (V4 region) OMTC N/A  yes
Perera, M et T n=25 DNA sequenced for the fungal
al [27] Tissue C: n: internal transcribed spacer 2 region 0sccC Yes N/A
(2017) T using Illumina™ 2 x300bp chemistry.
Perera, M et Lo . .
e Tise Cno2 OSTRNAmInsqencng. ggoc va A
(2018) T
Pushalkar, S
et al [42] . _ 16S rRNA amplicon sequencing
(2011) Saliva N=3 (VA5 region) oscc N/A  N/A
Pushalkar, S
et al [30] . _ 16S rRNA amplicon sequencing
(2012) Tissue N=10 (V4/V5 region) osccC N/A  yes
Schmidt, B et
aglz([)ii]) Tissue N=3 16S rRNA sequencing (V4 region) 0osccC yes N/A
Takahashi, Y L . .
et al [25] Saliva T._ n: 60 16S rRNA ampllcon_sequencmg. 0SCC yes  N/A
(2019) C:n=80 (V3/V4 region)
Yang, C-Y et
' T: . .
al [39] . _ 16S rRNA amplicon sequencing.
(2018) Saliva Cr?—nl:9;1 (V3/V/4 region) 0scC yes N/A
Yang, S-F et
?;557]) Saliva N=39 16S rRNA sequencing (V4 region) 0sccC yes  yes
Yost, Setal
(5)71]8) Saliva N=15 metatranscriptome analysis OsccC N/A  N/A
Zhang, L et al . .
[49] tissue  N=50 165 rRN@gj‘\‘ﬂ'f;g”i ;ﬁf‘”enc'”g 0scC N/A  yes
(2020)
Zhao, H et al . .
[43] tisue  N=40  LOSTRNAAMPLicon seduencing oscC  NA NA
(2017) ( 5 region)
Zhan[géé el Tissue 16S rRNA amplicon sequencing. (V1
(2019) Sglr:sa N=30 / V2 region) OsccC N/A  yes

available. TNM= classification of malignant tumours. OSCC= oral squamous cell carcinoma. OLK= oral
leukoplakia. OPMD-= oral potentially malignant disorder. GSCC= gingival squamous cell carcinoma. OCC=
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oral cavity cancer. OPC= oropharyngeal cancer. OMTC= oral mucosa and tongue cancer. qPCR= quantitative
polymerase chain reaction. DNA= deoxyribonucleic acid.

Table 3: Main microbial outcomes

SAMPLE TYPE
A%EXORR/ AND MAIN MICROBIAL OUTCOME
TUMOR
Fusobacterium nucleatum subsp. polymorphum overrepresented
. . in the tumors followed by Pseudomonas aeruginosa and
Al-hebshi, N tissue - .
g Campylobacter spp. Oral taxon 44. Streptococcus mitis, Rothia
etal [41] epiteliun osccC RS . : L
mucilaginosa and Haemophilus parainfluenzae significantly
(2017) swabs d
ecreased
Increase abundance of Fusobacteria and reduced levels of
Firmicutes. Candida spp colonization more abundant in
leukoplakia patients than Five distinct bacterial clusters were
Amer, A et discerned in OLK, exhibiting co-occurrence of Fusobacterium sp,
al [48] tissue OLK Leptotrichia sp, and Campylobacter sp. Increased abundance of
(2017) acetaldehydogenic microorganism Rothia mucilaginosa. Severe
dysplasia- associated with elevated levels of Leptotrichia spp. and
Campylobacter concisus ..
Oral microbiome in cancer cases and controls= changes in
Boernigen, structure and in function. Genus Dialister spp - higher relative
D et al [28] Saliva osccC abundances in cancer. Actinomycetales and Lactobacillales were
(2017) signifcantly under-represented in oral cancer
Periodontal pathogens were enriched in cancer and precancerous
tissues= Porphyromonas gingivalis, Fusobacterium nucleatum
Chang, C et Tissue and Streptococcus sanguinis (detected in 61 cancer tissues,
al [33] Subgingival 0OSscCcC precancerous tissues and subgingival plaque samples P. gingivalis
(2018) plaque and F. nucleatum existed at higher levels in cancer tissue than in
healthy tissues
Healthy oral mucosa = phyla Firmicutes, Fusobacteria,
Proteobacteria, Actinobacteria and Bacteroidetes . OMPD= same
Decsi, G et phyla of health mucosa and the phyla Fibrobacteres and
al [26] tissue OPMD  Spirochaetes were present . Streptococcus mitis decreased in the
(2018) OPMD lesions compared to healthy tissue. Fusobacterium
nucleatum, implicated in carcinogenesis, was elevated in OPMD
Ganly, | et OSCC- Increase Fusobacterium spp, Prevotella spp,
al [40] Saliva 0OSscCcC Alloprevotella spp . Depletion: Streptococcus spp
(2019)
Abundance of phyla Bacteroidetes and genus Solobacterium spp
higher in the OSCC. In OLK. Genus Streptococcus spp were
Hashimoto lower in OSCC group . Increase of abundance of Porphyromonas
K ' . osccC gingivalis in the OSCC and OLK , not detected in the healthy
etal [24] Saliva OLK control gr Strept i detected in all 3
(2019) rol group. Streptococcus anginosus detected in all 3 groups,
but increasing tendency for higher abundance in the OSCC and
OLK group than in health controls
In tumor were found saccharolytic and acid-tolerant bacterial
Hooper, S et species.
al [44] Tissue 0SscC

(2006)



Hooper, S et
al [31]
(2007)

Tissue OSCC

Hsiao, J-R
etal [47]

(2018) oscc

Saliva

Lee, W-H et
al 132]

(2017) 0sce

Saliva

Table 3 : (continued)

Li Y etal
[29]

(2020) Saliva,

subgingival
plaque

GSCC

Lim, Y et al
[50]

(2018) Saliva

Mager, D et
al [45]

(2005) osce

Saliva

Mok, S et al
[46] Saliva
(2017)

OSCC,
OMPD

Mukherjee,
P et al [36]

(2017) OMTC

Tissue

Perera, M et
al [27]

(2017) oscc

Tissue

Perera, M et
al [38]
(2018)

Tissue osccC

OCC,0PC
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Porphyromonas gingivalis, Sphingomonas spp. , Streptococcus
mitis/oralis.,  Clavibacter  michiganensis  Granulicatella
tessellarius, Fusobacterium naviforme and Ralstonia insidiosa =
detected more in the tumorous than non-tumorous samples. Most
taxa in tumour tissue represented saccharolytic and aciduric
species.

Prevoltella. tannerae, Fusobacterium. nucleatum and
Prevotella. intermedia, were associated with an increased OSCC
risk.

Bacillus  spp, Enterococcus spp, Parvimonas spp,
Peptostreptococcus spp, and Slackia spp= revealed signifcant
diferences between epithelial precursor lesion and cancer patients

Fusobacterium, Peptostreptococcus, and Prevotella=" more
abundant in cancerous tissues. Streptococcus, Neisseria, and
Haemophilus= enriched in saliva or soft mucosa. In saliva and
subgingival plaque= Atopobium more prevalent in GSCC than
periodontitis and controls.Atopobium spp more prevalent in
GSCC than in patients presenting periodontitis and in controls

Rothia spp, Haemophilus spp, Corynebacterium spp,
Paludibacter spp, Porphyromonas spp , Capnocytophaga spp =
lower abundance in OCC and OPC . Oribacterium spp is
significantly higher. Actinomyces spp , Parvimonas spp |,
Selenomonas spp , and Prevotella spp= higher abundance in OCC
than in OPC

Capnocytophaga gingivalis, Prevotella melaninogenica and
Streptococcus mitis elevated in the OSCC

Abundance of Streptococcus spp and Veillonella spp = higher in
healthy control group. Abundance of Neisseria spp, Gemella spp
and Granulicatella spp= higher inOSSC< OMPD. patient groups.
Association to only normal oral conditions=  Firmicutes ,
predominance of Streptococcus spp and Veillonella spp;
Lachnospiraceae= detected only in healthycondition.
Fusobacteria. Firmicutes and Bacteroidetes = more abundant in
OPMD. Proteobacteria = morecancer related. Actinobacteria =
associated with both diseases.

Firmicutes= most abundant bacterial phylum - increased in tumor
healthy tissueBacteroidetes and Fusobacteria = decreased in
tumorcompared to matched healty tissue . Streptococcus spp=
most abundant and increased in tumor group

Genera Candida spp, Hannaella spp, and Gibberella spp=
overrepresented in OSCC. Candida albicans, Candida etchellsii,
and Hannaella luteola—like species = enriched in OSCC

Genera Capnocytophaga spp, Pseudomonas spp, and Atopobium
spp = overrepresented in OSCC. Campylobacter concisus,
Prevotella salivae, Prevotella loeschii, and Fusobacterium oral
taxon 204=  enriched in OSCC. Streptococcus  mitis,



Pushalkar, S
et al [42]
(2011)

Pushalkar, S
et al [30]
(2012)

Schmidt, B
et al [34]
(2014)

Takahashi,
Y et al [25]
(2019)

Yang, C-Y
et al [39]
(2018)

Yang, S-F et
al [35]
(2017)

Yost, S et al
[37]
(2018)

Zhang, L et
al [49]
(2020)

Zhao, H et
al [43]

Saliva

Tissue

Tissue

Saliva

Saliva

Saliva

Saliva

tissue

tissue

0scC

0scC

0OSCC

OsCC

OscCC

0OSCcC

OscCC

0SCC

OsCC
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Streptococcus oral taxon 070, Lautropia mirabilis, and Rothia
dentocariosa = more abundant in FEP.

Most prevalent genera in the OSCC = Streptococcus spp, Gemella
spp, Rothia spp, Peptostreptococcus spp, Lactobacillus spp,
Porphyromonas spp and Lactobacillus spp. Control group=
predominantly observed: Prevotella spp, Neisseria spp,
Leptotrichia spp, Capnocytophaga spp, Actinobacillus spp,
Oribacterium spp,

Streptococcus sp. oral taxon 058, Peptostreptococcus stomatis,
Streptococcus salivarius, Streptococcus gordonii, Gemella
haemolysans, Gemella morbillorum, Johnsonella ignava and
Streptococcus parasanguinis = highly associated with tumor.
Granulicatella adiacens= prevalent at non-tumor site.
Streptococcus intermedius= present in 70% of both non-tumor
and tumor sites.

Cancer samples (discovery and a subsequent confirmation cohort)
= Firmicutes (especially Streptococcus spp) and Actinobacteria
(especially Rothia spp) decreased relative to contralateral normal
samples from the same patient. Significant decreases(abundance
of these phyla) observed for pre-cancers, but not when comparing
samples from contralateral sites (tongue and floor of mouth) from
healthy individuals. Actinomyces spp, spp, and Streptococcus
spp, were significantly decreased in cancers while Fusobacterium
spp was increased icancer

Peptostreptococcus spp, Fusobacterium spp, Alloprevotella spp,
and Capnocytophaga spp= more abundant in cancer group than in
control, whereas Rothia spp and Haemophilus spp were less
abundant. Negative correlation observed between genus Rothia
spp and T-stage progression using the TNM classification method
Abundance of Fusobacteria increased significantly with the
progression of oral cancer from the healthy controls to OSCC
stage 1 through stage 4 . At the genus level, Fusobacterium spp
increased, while Streptococcus spp, Haemophilus spp,
Porphyromonas spp, and Actinomyces spp decreased with cancer
progression. Fusobacterium periodonticum, Parvimonas micra,
Streptococcus constellatus, Haemophilus influenza, and Filifactor
alocis were associated with OSCC, and they progressively
increased in abundance from stage 1 to stage 4. The abundances
of Streptococcus mitis, Haemophilus parainfluenzae, and
Porphyromonas pasteri were inversely associated with OSCC
progression.

MSC1= Actinobacteria as a biomarker. Synergistetes observed
between the MSC2/ MSC3. MSC3 = Capnocytophaga spp higher
abundance in OSCC.

Fusobacteria= significantly higher at tumour sites and tumour-
adjacent sites of cancer patients compared to the healthy controls

Cancer tissue: enriched in six families (Prevotellaceae,
Fusobacteriaceae, Flavobacteriaceae, Lachnospiraceae,
Peptostreptococcaceae, and Campylobacteraceae) and 13 genera,
including  Fusobacterium spp, Alloprevotella spp and
Porphyromonas spp. Fusobacterium nucleatum, Prevotella
intermedia, Aggregatibacter segnis, Capnocytophaga leadbetteri,
Peptostreptococcus stomatis, and another were significantly
increased in OSCC??

Fusobacterium spp, Dialister spp, Peptostreptococcus spp,
Filifactor spp, Peptococcus spp, Catonella spp and Parvimonas



(2017)

Zhang, Z et
al [23] Tissue and
(2019) saliva

0scC

60

spp= significantly enriched in OSCC. Several operational
taxonomic units (OTUs) associated with Fusobacterium were
highly involved in OSCC

Proteobacteria = enriched in the T group. Firmicutes =
predominant in groups S and W. Genus level, T group =
Acinetobacter spp and Fusobacterium spp. S and W group=
predominance of Streptococcus spp and Prevotella spp. Genera
related to late stage tumors = Acinetobacter spp and spp

*QSCC = oral squamous cell carcinoma. OLK= oral leukoplakia. OPMD= oral potentially malignant disorder.
OCC= oral cavity cancer. OPC= oropharyngeal. GSCC= gingival squamous cell carcinoma. OMTC = oral
mucosa and tongue cancer. MSC1, MSC2, MSC3= mutational signature cluster. T Group=tissue group. S=

saliva group. W= mouthwash group.

Table 4 - Risk of Bias Assessed by the Joanna Briggs Institute Critical Appraisal Checklist for Prevalence

Studies
Author, year Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Yesj/lo?isk
Al-hebshi, N et al - \ \ vONA W \ \ \ 77,78%
2017 [41] (Low)
Amer, A et al 2017 \ \ \ vONA W \ \ \ 88,89%
[48] (Low)
Boernigen, D et al \ \ \ vONA W \ \ \ 88,89%
2017 [28] (Low)
Chang, Cetal 2018 \ \ vONA W \ \ \ 88,89%
[33] (Low)
Decsi, G et al 2018 \ v N NA W \ \ \ 77,78%
[26] (Low)
Ganly, | et al 2019 \ \ \ vOONA W \ \ \ 77,78%
[40] (Low)
Hashimoto, K etatal \/ - v ONA W \/ \/ \/ 88,89%
2019 [24] (Low)
Hooper, Setal 2006 - \ - - NA - - U \ 22,22%
[44] (High)
Hooper, Setal 2007 \ -- vONA W \ U \ 66,67%
[31] (Moderate)
Hsiao, J-R etal 2018 \ \ vOONA W \ \ \ 88,89%
[47] (Low)
Lee, W-Hetal 2017 \ \ vONA Y \ \ \ 88,89%
[32] (Low)
Li Y et al 2020 [29] NN - A NA N NN 88,89%
(Low)
Lim, Y Table 4: (continued) vONA W \ \ \ 88,89%
(Low)
Mager, D etal 2005 - \ v ONA - - U \ 44,44%
[45] (High)
Mok, S et al 2017 \ v A NA Y S \ S 77,78%
[46] (Low)
Mukherjee, P et al V \ \ vONA W \ \ \ 88,89%
2017 [36] (Low)
Perera, Metal 2017 \ \ vONA Y \ \ \ 88,89%
[27] (Low)
Perera, Metal 2018 \ \ v ONA W \/ N \/ 88,89%
[38] (Low)
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Pushalkar, S et al \ v - vONA W v u v 66,67%
2011 [42] (Moderate)

Pushalkar, S et al \/ \ - v ONA W \ \ \ 77,78%
2012 [30] (Low)

Schmidt,Betal2014 v N v N NA N N N A 88,89%
[34] (Low)

Takahashi, Y et al - \ \ v ONA W \ \ \ 77,78%
2019 [25] (Low)

Yang,C-Yetal2018 N v v 4 NA N N N A 88,89%
[39] (Low)

Yang,S-Fetal2017 N v - N NA A N A 77,78%
[35] (Low)

Yost, S et al 2018 - N A A NA NN Y 77,78%
[37] (Low)

Zhang, Letal2020 v v v v NA N N A A 88,89%
[49] (Low)

Zhao,Heetal2017 - N N N NA 4 Y 77,78%
[43] (Low)

Zhang, Zetall,2019 ~ N N - NA N N N N 77,78%
[23] (Low)

Q1: Was the sample frame appropriate to address the target population?; Q2: Were study participants recruited in
an appropriate way?; Q3: Was the sample size adequate?; Q4: Were the study subjects and setting described in
detail?; Q5: Was data analysis conducted with sufficient coverage of the identified sample?; Q6: Were valid
methods used for the identification of the condition?; Q7: Was the condition measured in a standard, reliable way
for all participants?; Q8: Was there appropriate statistical analysis?; Q9: Was the response rate adequate, and if
not, was the low response rate managed appropriately? \ = Yes; -- = No; U = Unclear; NA = Not applicable.
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FIGURE 1: Microbiological oral status in health and tumor

A: Representation of the native, least variable and common-shared healthy-associated microbiota (core
microbiome) among individuals, being this microbial community dominated by the phyla Firmicutes (36.7%),
followed by Bacteroidetes and Proteobacteria (34.2%), Actinobacteria (11.6% ), Spirochaetes (7.9%) and
Fusobacteria (5.2%). B: After analyzed the 28 studies included in this review and their microbial results, we
concluded that there was a significant change in the microbial community of cancer patients, when comparing to
the native healthy-associated microbiota.
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FIGURE 2: Study flow diagram for the literature search and selection of articles for this systematic review.
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FIGURE 3: Possible pathways in which certain bacteria can act directly and indirectly on cellular events,
leading to the process of carcinogenesis
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It is possible that some bacteria can increase cell proliferation, decreasing apoptosis, increasing cell proliferation
and migration, intefering in the immune system and through the production of carcinogenic metabolites. ADH,
alcohol dehydrogenases; B7-H1 receptor, immunoglobulin-like immune suppressive molecule in cancers,
delivering an inhibitory signal to its counter-receptor programmed death-1 (PD-1) on T cells; CARD10c, caspase
recruitment domain-containing protein 10; E-Cadherin, epithelial cadherin; EGF, epidermal growth factor; IL6,
interleukina 6; I1L8, interleukina 8; NF-kB, factor nuclear kappa B; MMPs, matrix metalloproteinases; M2, tumor-
associated macrophages.; miR-146a-5p, microRNA-146a-5p; JAK/STAT, janus kinase/signal transducers and
activators of transcription; transducer and activator of transcription 3; TGFp1, transforming growth factor beta 1;
T cells, T-Lymphocytes; TNFa, tumor necrosis factor a; TLR receptors, Toll-like receptors; STAT 3, signal T;
Snail/Twist, epithelial-mesenchymal transitions (EMT); VEGF, vascular endothelial growth factor.
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6 CONSIDERACOES FINAIS

Apesar das discrepancias em relacao aos resultados bacterianos encontrados nos estudos
analisados nesta dissertacdo, pode-se concluir que a maioria dos trabalhos apresentou alteracGes
na composicao bacteriana em individuos afetados pelo cancer de boca (OSCC/CEC) em relagdo
a controles saudaveis. Citocinas inflamatdrias provenientes de inflamagdes bacterianas podem
ter extrema importancia no processo da carcinogénese, pois acabam impactando o
microambiente tumoral e, assim, auxiliando na progressao do tumor.

Ao que parece, segundo o estudo de Li et al., (2020), ha grandes possibilidades de que
as espécies gram-negativas Porphyromonas gingivalis e Fusobacterium nucleatum possam
estar envolvidas em varias vias promotoras do cancer oral. Apesar de haver divergéncias em
relacdo a possiveis vias metabolicas em que estes patdgenos possam promover a carcinogénese,
todas as teorias acabam convergindo para um desfecho comum. Entretanto, é necessario levar
em consideracdo algo que ainda é fator de discussdo na comunidade académica: o papel direto
ou indireto das bactérias no surgimento do cancer.

Considerando o papel “direto” das bactérias, poder-se-ia oncluir que, por si sO, certos
patdgenos seriam a causa das alteracGes celulares que estdo vinculadas ao cancer. Karpinski
(2019) cita as bactérias ja mencionadas, P. gingivalis e F. nucleatum como exemplos, apesar
de os resultados que enfatizam esta afirmacéo so6 terem sido concluidos através de pesquisas in
vitro ou com animais (LI et al., 2020). Em relacdo a influéncia indireta de certas bactérias que
poderiam estar vinculadas ao cancer, outros fatores de risco teriam relacdo com a
carcinogénese, tornando dificil identificar um papel independente destas no cancer oral. Como
exemplo, o consumo de tabaco e alcool e doencas periodontais, que podem ter uma importancia
fundamental no processo de carcinogénese, sendo estes fatores moduladores de um microbioma
mais inflamatorio. O trabalho de Wu et al. (2016) constatou a diminui¢do de alguns géneros
bacterianos, estes relacionados ao metabolismo de carboidratos, a energia e ao metabolismo
xenobidtico, demonstrando que o uso do tabaco tem a capacidade de alterar a microbiota oral
através de modificaces de importantes vias biologicas, causando o aparecimento de patologias
(WU et al., 2016). Em relacdo ao alcool, como ja mencionado neste trabalho, este, por si so,
n&o e considerado cancerigeno, embora 0s seus metabolitos (acetaldeido) tenham um alto poder
carcinogénico. Em um estudo realizado por Moritani et al. (2015), analisando a microbiota oral
de individuos saudaveis que consomem alcool, foi encontrada uma quantidade consideravel de

bactérias que possuem a enzima ADH, que tem a capacidade de produzir acetaldeido.
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De acordo com Genco et al. (1998), a Periodontite, uma patologia bucal causada por
patdgenos periodontais, caracterizada por infecgdes graves que danificam as gengivas, podendo
destruir o osso maxilar, € uma das principais causas de inflamacgéo crénica na cavidade oral.
Os pesquisadores reiteram que estas mesmas bactérias periodonto patogénicas ja tiveram algum
tipo de relacdo encontrada com a carcinogénese em diversos estudos (espécies como
Porphyromonas gingivalis, Treponema denticola, Tannerella forsythia, Aggregatibacter
actinomycetemcomitans, Fusobacterium nucleatum, Prevotella intermedia,
Peptostreptococcus migros e Eikenella corrodens) (GENCO et al., 1998).

Porém, ndo somente estes fatores dificultam o completo entendimento do
comportamento das bactérias orais no cancer bucal. Como ja explicitado, a pouca quantidade
de estudos sobre o tema e a grande variabilidade metodoldgica acabam se tornando “vieses”
para elucidar esta associacdo. Resultados bacterianos contraditorios; a diversidade da populacéao
(grupos) utilizados nas pesquisas, incluindo o fato de haver ou ndo grupos controles; a diferenca
de amostras utilizadas nas analises (saliva, tecido, fezes), acarretando uma diferenca inata da
microbiota nativa, mesmo sem relacionar com patologias; a falta de dados individuais de cada
individuo integrante da pesquisa, o que impossibilita a realizacdo de meta-analises, que seriam
de grande importancia para conclusdes mais acuradas; e aspectos geograficos, ja que cada
regido apresenta tracos culturais e socioecondmicos distintos, o que acaba por interferir em
habitos pessoais (higiene bucal e, concomitantemente, estado da cavidade oral, consumo de
tabaco e alcool, dieta, atividade fisica, etc.). Sob um olhar mais técnico, poucos estudos trazem
dados pertinentes ao estadiamento do cancer e o0 estagio clinico em que 0s pacientes se
encontram. Tais informacdes sdo de extrema valia, pois ja foi documentado na literatura que
existem diferencgas pontuais na microbiota do tumor quando relacionadas com estes dois fatores.

Seria interessante um ensaio em que estes fatores fossem mais “padronizados”,
elucidando se a mudanca no perfil bacteriano de pacientes com cancer € o gatilho para a
carcinogénese ou se comportamentos adquiridos (fatores de risco) podem ser 0s responsaveis
pela patologia, além de a modulagdo da microbiota ser apenas uma consequéncia desse
processo. Ainda ndo esta claro se a alteragdo microbiana € induzida pelo microambiente tumoral
ou se a abundancia enriguecida desses microrganismos leva ao desenvolvimento de tumor.

Dessa forma, pensa-se que exista uma inter-relagdo entre a microbiota oral e 0 processo
de carcinogénese bucal. Porém. definir a bactéria oral como fator de risco independente néo é
acurado, principalmente devido a divergéncia metodoldgica nos estudos. No futuro, serdo
necessarios mais estudos sobre 0os mecanismos que diferenciam o papel das bactérias orais de

outros fatores de risco.
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