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RESUMO

Mondmeros liberados de restauracdes resinosas podem induzir a resposta
inflamatodria. No entanto, os mecanismos moleculares associados a interacdo dessas
substancias com células imunocompretentes humanas ainda ndo estédo
completamente elucidados. Muitas restauracdes em resina séo realizadas proximo
aos tecidos periodontais, 0s quais apresentam continuamente um infiltrado
inflamatdrio em resposta a microbiota do biofilme dentario. O presente estudo teve
como objetivo avaliar a influéncia de trés importantes mondémeros resinosos nas
caracteristicas  funcionais de leucécitos humanos  estimulados  por
periodontopatdogenos. Para isso, células mononucleares de sangue periférico
(CMSP) foram estimuladas pela bactéria Porphyromonas gingivalis. Em seguida, as
celulas foram incubadas com concentracdes sub-letais dos monémeros TEGDMA,
BISGMA e UDMA. A producao de IL-1a, IL-6, TNF-a e IL-10 foi determinada pelo
teste ELISA. Apds 20h de incubacéo, o estimulo bacteriano resultou em aumento da
secrecdo de IL-la e TNF-a. Os mondmeros estudados nao afetaram
significativamente a secrecéo de citocinas por leucécitos mononucleares humanos
estimulados ou ndo pelo periodontopatdogeno. Assim, nossos dados sugerem que
doses sub-letais de UDMA, TEGDMA e BISGMA néo interferem na resposta
inflamatoria através da regulacédo da producédo das citocinas IL-1a, IL-6, TNF-a e IL-
10 pelas CMSP, mesmo na presencga de estimulo por P. gingivalis.

Palavras-chave: Materiais biocompativeis. Resinas compostas. Porphyromonas

gingivalis. Citocinas. Leucécitos.



ABSTRACT

Unreacted resin monomers released from dental composites interfere in the host
immune inflammatory responses. The underlying molecular mechanisms associated
to the interaction between these substances and human immune cells has not been
fully understood. This study focused on the evaluation of UDMA, TEGDMA and
BISGMA effects on the cytokine release by human leukocytes stimulated with a
periodontal pathogen. Mononuclear cells from peripheral blood (PBMC) of ten
individuals were exposed to Porphyromonas gingivalis (Pg) for 1 hour and then
incubated with sub-lethal doses of BISGMA, TEGDMA and UDMA for 19 hours. The
secretion of IL-1a, IL-6, IL-10 and TNF-a was determined by ELISA. Incubation of
PBMC with Pg induced a significant up-regulation of IL-1a and TNF-a. The addition
of monomers did not significantly affect cytokine release after the 20 h total period. In
conclusion, sub-lethal doses of BISGMA, TEGDMA and UDMA did not affect the
PBMC-related cytokine release, even after bacterial challenge. This result suggests
no significant modification to the inflammatory response and periodontal tissue
protection mechanisms via regulation of IL-1qa, IL-6, IL-10 and TNF-a secretion from
PBMC.

Keywords: Materials testing. Composite dental resin. Porphyromonas gingivalis.

Cytokines. Mononuclear leukocytes.
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1 INTRODUCAO

As resinas compostas sdo constituidas de carga inorganica, agente silano de
unido e matriz organica, essa Uultima em geral composta de mondémeros de
metacrilatos, como o bis-fenol Glicidil Dimetacrilato (BISGMA), o Tri-etileno Glicol
Dimetacrilato (TEGDMA) e o Uretano Dimetacrilato (UDMA) (SCHNEIDER;
CAVALCANTE; SILIKAS, 2010). O BISGMA é um mondmero base, hidrofébico e
predominante na maioria dos compoésitos (BAKOPOULOU; PAPADOPOULOS;
GAREFIS, 2009; SCHNEIDER; CAVALCANTE; SILIKAS, 2010). Apresenta baixa
contracdo de polimerizacdo e superior qualidade mecanica, quando comparado a
outros monémeros. No entanto, possui alta viscosidade e baixo grau de conversao
(SCHNEIDER; CAVALCANTE; SILIKAS, 2010). O UDMA também é um mondémero
hidrofébico frequentemente usado em substituicdo ou em acréscimo ao BISGMA. E
um éster uretano de cadeia alifatica que promove elasticidade e possibilita a
incorporacdo de maior quantidade de particulas inorganicas ao corpo da resina
composta. O UDMA é menos viscoso do que os monémeros aromaticos, como o
BISGMA. Além disso, sua adigdo a matriz resinosa gera um material com melhor
tensdo flexural e resisténcia a tracdo (BARSZCZEWSKA-RYBAREK, 2009). Por
outro lado, um polimero da cadeia uretana absorve mais dgua do que 0s compostos
aromaticos, sendo, portanto mais suscetivel a degradacédo hidrolitica e liberacao no
meio aquoso bucal do que o BISGMA (FERRACANE, 2006). O TEGDMA é um
mondmero diluente e hidrofilico. E capaz de reduzir a viscosidade da matriz resinosa
e aumentar o grau de conversdo do composto, além de permitir a inclusdo de maior
quantidade de particulas inorgéanicas ao corpo da resina composta (GEURTSEN,;
LEYHAUSEN, 2001). O percentual de cada um dos mondémeros varia de acordo com
a desejada viscosidade e dureza do produto final, ou seja, da resina composta
(SCHNEIDER; CAVALCANTE; SILIKAS, 2010).

Van Landuyt et al. (2011), em uma recente revisdo sistematica da literatura,
afirmaram que materiais odontolégicos resinosos ndo sdo inertes no meio bucal,
podendo liberar componentes reativos, inicialmente devido a polimerizacao
incompleta e depois devido a degradacdo. Estudos apontam para a conversao de
30-40% do composto resinoso apdés 5 min do procedimento de polimerizagéo,
atingindo no maximo 70-80% apo6s 24 h (HALVORSON; ERICKSON; DAVIDSON,

2002; NEVES et al., 2005). De fato, alguns autores observaram que mondmeros
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residuais de metacrilato podem ser liberados das restauragcfes recém-polimerizadas
e induzir alteragbes nos tecidos periodontais de animais (NASJLETL; CASTELLI,
CAFFESSE, 1983). Portanto, € importante saber quanto dessa substancia € liberada
em boca e por quanto tempo. No entanto, devido a deficiéncia de estudos analiticos
padronizados e aos diferentes resultados encontrados, ainda ndo estd clara a
qguantidade desse material & qual o paciente pode estar exposto apés confecgcédo de
restauracdo resinosa (VAN LANDUYT et al.,, 2011). Em primeiro lugar, para
determinar a quantidade absoluta de monémeros liberados, € necessario se estimar
a superficie de contato com o meio bucal. Quanto maior a superficie da restauracao,
maior quantidade de mondmeros podera ser liberada. Além disso, quanto menor o
tempo de fotopolimerizacdo empregado, maior a quantidade de mondémeros
residuais e, consequentemente, mais monémeros estardo livres para liberacdo no
meio bucal. Outro parametro é a solucdo na qual o material resinoso foi imerso em
estudos laboratoriais. A quantidade e o tipo de solugéo influenciam o resultado,
sendo maior a liberacdo de mondmeros nos solventes organicos, quando
comparados as solucdes aquosas (VAN LANDUYT et al., 2011). Nao obstante,
estudos in vitro sugerem que a liberacdo de mondémeros residuais associada a
polimerizacdo incompleta da matriz resinosa ocorre em especial nas primeiras 24
horas (FERRACANE; CONDON, 1990; VAN LANDUYT et al., 2011). Por outro lado,
Polydorou et al. (2007), em um ensaio experimental de longo prazo in vitro,
demonstraram que BISGMA pode ser liberado por até 1 ano apds a polimerizacao,
fato ndo observado para os mondmeros TEGDMA e UDMA. Portanto, BISGMA
parece ser liberado de forma n&o-linear. Entre os monoémeros avaliados no presente
estudo, TEGDMA parece ser liberado em maior quantidade das resinas compostas,
seguido pelo UDMA e, por fim, pelo BISGMA (VAN LANDUYT et al., 2011).

Ja foi descrita na literatura a associacdo entre a liberacdo de subprodutos da
resina composta no meio bucal e reacBes biolégicas adversas, como reacdes
pulpares, alergia e alteracdo estrogénica (SCHEDLE et al., 2007; BAKOPOULOU;
PAPADOPOULOS; GAREFIS, 2009). Diante dessa realidade, varios estudos tem
procurado identificar e descrever de que forma, e em qual intensidade, os produtos
da degradagcdo da matriz resinosa, assim como da polimerizacdo parcial do
metacrilato, podem afetar os mecanismos de defesa humanos (NODA et al., 2003;
ECKHARDT et al., 2009; RAKICH et al.; 1999; KRIFKA et al., 2010; BOLLING et al.,

2013). Para esse fim, tem-se utilizado diversos métodos laboratoriais, entre eles a
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quantificacdo da resposta imunolégica e a avaliacdo da alteracdo da atividade e
viabilidade celular.

No presente estudo, a avaliacdo da citotoxicidade e da interacdo dos
mondmeros e ceélulas imunocompetentes estimuladas por produtos de bactérias
periodontopatogénicas foi conduzida. O objetivo foi conhecer possiveis efeitos dos
mondmeros em células presentes no microambiente periodontal. A hipotese geral foi
gue os mondémeros resinosos poderiam afetar a producdo de citocinas, moléculas
relacionadas a resposta inflamatoria, por células imunocompetentes estimuladas (ou

nao) por produtos da microbiota periodontal.

1.1 A citotoxicidade dos mondmeros resinosos

TCso € a concentracdo da droga testada que permite 50% de viabilidade
celular. A determinacdo da citotoxicidade e dos valores de TCsy Sdo importantes
para guiar a selecdo de doses ndo-letais a serem utilizadas nos estudos de
expressdo de citocinas. Kostoryz et al. (2001) investigaram a citotoxicidade de
metacrilatos de UVR6105 (3,4-epoxycyclohexyl methyl-3,4-
epoxycyclohexylcarboxylate), BISGMA e MMA (4cido metacrilico) em células
endoteliais. A cultura de células foi incubada com 7 diferentes diluicdes de BISGMA
ou MMA ou UVR6105 por 20 horas, em temperatura de 37°C e em 5% de CO,. Apés
esse periodo de incubacédo, foi realizado o ensaio colorimétrico de MTT
(KOSTORYZ; TONGA; CHAPPELOW, 1999). A TCs, foi extrapolada da curva dose
de monbmero versus resposta celular, estabelecida no estudo e os valores
encontrados para o BisGMA, MMA e UVR6105 foram, respectivamente, de 31+2uM,
11300+£1750uM e 733x151uM. Em mondcitos THP-1, a TCsy encontrada para o
BISGMA foi 80 uM (RAKICH et al.,, 1999). Testes de viabilidade celular para
TEGDMA, realizados em mondcitos THP-1 e células pulmonares humanas
apresentaram TCso de 1500 pM e 1830 pM, respectivamente (NODA et al., 2003;
EMMLER et al.,, 2008). J& o UDMA apresentou valores de TCsy de 106 uM para
fibroblastos gengivais humanos (REICHL et al., 2006) e 55 uM para mondocitos THP-
1 (RAKICH et al., 1999). Encontramos apenas um trabalho que analisou a resposta
de células mononucleares de sangue periférico (CMSP) aos mondmeros resinosos
(HEIL et al., 2002). ApGs 24 horas de exposi¢cdo, observou-se que a TCsy para
BISGMA foi de 1000 pM e para TEGDMA > 10.000 pyM. Nesse mesmo estudo
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também foram avaliadas células THP-1. Os valores de TCsy, para BISGMA e
TEGDMA nessas células foram 80 yM e 3100 pM, respectivamente (HEIL et al.,
2002).

1.2 A resposta imunoinflamatéria periodontal

A resposta imunolégica € a defesa do corpo contra microrganismos ou
substancias estranhas. A sua principal funcdo € a discriminacdo do préprio e ndo
proprio (ABBAS; LICHTMAN, 2007). Ap0s a injuaria, ocorrem mudancas no calibre e
no fluxo de pequenos vasos sanguineos, se iniciando o processo imunoinflamatério.
Ha aumento da permeabilidade vascular mediado pela acdo de substancias
vasoativas, como histamina, serotonina e bradicinina. A consequente separacao das
células endoteliais da microcirculagdo permite que os leucécitos extravasem para o
liquido intersticial do tecido contaminado através da diapedese. Uma vez no tecido,
se inicia o processo de fagocitose do agente patdgeno. A fagocitose, evento
mediado por interacdes celulares, € chave para a ativacdo da resposta imune
adaptativa (CALICH; VAZ, 2009). Durante a evolucédo do processo imunoinflamatorio
se encontra o delicado equilibrio entre a salde e a doenca, em que tanto a
deficiéncia quanto o exagero resultam em dano tecidual.

Resumidamente, o sistema imune € composto de duas subdivisées principais:
0 sistema imune inato ou ndo especifico e o sistema imune adaptativo ou especifico
(ABBAS; LICHTMAN, 2007). O sistema inato € nossa primeira linha de defesa contra
a agressdo patogénica. O sistema imune adaptativo age como uma segunda linha
de defesa e resguarda o hospedeiro em caso de nova exposigcdo ao microrganismo.
A imunidade inata caracteriza-se pela rapida resposta a agressao,
independentemente de estimulo prévio. Seus mecanismos compreendem barreiras
fisicas, quimicas e biolégicas, componentes celulares e moléculas sollveis
(CRUVINEL et al., 2010). Na inflamacéao aguda, predominam elementos da resposta
imune inata, sendo as principais células os mondcitos/macréfagos, células
dendriticas, neutréfilos e células natural killer. Na inflamacéo crénica predominam
células mononucleares (mondcitos, macroéfagos e linfocitos) (CRUVINEL et al.,
2010).

As respostas imunoldgicas inata e adaptativa coexistem durante o processo

de evolucdo da doenca periodontal. A resposta inata é, em geral, mais importante
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nas fases iniciais do processo patolégico, uma vez que células como linfécitos
precisam de tempo para que ocorra ativacdo, proliferacdo e maturacdo. Ja a
resposta imune adaptativa € essencial apds a cronificacdo da doenca, ocasionada
pela permanéncia do periodontopatégeno no sitio afetado. Nesse cenario, coabitam
moléculas sollveis e componentes celulares do sistema imune que sdo capazes de
estimular e inibir, por exemplo, a reabsorcdo Ossea. Dessa forma, ocorrem
simultaneamente destruicao e reparo teciduais, e o desequilibrio pode levar a perda
estrutural. Portanto, pode-se sugerir que as manifestacdes clinicas da periodontite
resultam principalmente da resposta inflamatéria cronica (YUCEL-LINDBERG;
BAGE, 2013), e que na doenca periodontal a inflamacdo é responséavel pela
protecdo, mas também por grande parte do dano causado ao periodonto.

A doenca periodontal é uma infeccdo multifatorial associada a presenca de
um complexo microbiano agregado na forma de biofilme (SMALLEY et al., 2002). No
entanto, ha bactérias consideradas chave para a instalagdo da doenca.
Porphyromonas gingivalis € uma bactéria anaerobia gram-negativa constituinte do
denominado complexo vermelho microbiano do biofilme subgengival, sendo agente
etioldgico fundamental na patogénese da periodontite (MYSAK et al., 2014). E um
membro natural do microbioma oral, mas pode se proliferar de forma acelerada e
promover destruicdo periodontal (MYSAK et al., 2014). A bactéria é capaz de
interagir com as células e tecidos do hospedeiro, o que estimula a producédo de
moléculas e mediadores, como as citocinas. Estas substancias detém um grande
potencial para servir como indicadores de processos inflamatérios e,

consequentemente, da doenca periodontal.

1.3 As citocinas

Ha meio século foi descrita a existéncia de pequenas proteinas, as citocinas,
gue sao capazes de orquestrar a comunicagéao intercelular. Viu-se que a regulacao
celular ocorre através de vias de transducdo de sinais entre as células, fato que
torna compreensiveis 0S eventos em cascata caracteristicos da resposta
imunoinflamatéria. As citocinas podem ser produzidas e secretadas por toda e
qualquer célula nucleada humana, sempre com o objetivo de gerir a resposta imune,

combatendo a infeccdo ou gerando dano celular (SCHMITZ et al., 2011). Portanto,
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elas agem como pecga essencial na comunicacao celular. O delicado balanco no
nivel dessas moléculas é vital para a manutencao da saude.

As citocinas modulam a funcédo celular. Elas dependem da ligacdo com
receptores especificos de membrana celular da célula alvo pra desempenhar a sua
atividade. Em geral, h4 a necessidade de mais de uma citocina para que uma
determinada resposta celular seja ativada, por isso elas agem em conjunto,
formando uma rede complexa, na qual a secrecdo de uma citocina influenciara a
producédo ou a resposta de outras. Essas moléculas tém uma vida média curta e tem
uma acao extremamente potente (TURNER et al., 2014). Elas orquestram n&o so a
duragdo, mas também a intensidade da resposta inflamatéria. No periodonto, por
exemplo, as citocinas podem induzir a destruicdo tecidual através do aumento da
sintese de alguns mediadores pelos préprios fibroblastos do ligamento periodontal.
Dessa forma, a severidade da periodontite e da liberacdo de citocinas se eleva a
medida que a destruicdo tecidual aumenta (ERTUGRUL et al., 2013).

A interleucina-1 alfa (IL-1a) é expressa por varios tipos celulares, incluindo
mondcitos e macrofagos. E uma potente citocina pro-inflamatéria. Estimula a
diferenciacdo e ativacdo dos linfocitos T (LT) auxiliares, a ativacdo de linfocitos B
(LB), células Natural Killer (NK), a proliferacdo de células da medula Ossea e a
expressdo de moléculas de adeséao no endotélio (TURNER et al., 2014). Além disso,
€ capaz de estimular a reabsorcdo 6ssea (SCHMITZ et al., 2011).

O fator de necrose tumoral alfa (TNF-a) é uma potente citocina pro-
inflamatéria secretada principalmente por mondcitos. Possui papel central na
resposta imune inata. Induz a producdo de outras citocinas e a expressdo de
moléculas de adesdo. Essa citocina atua principalmente nos préprios macrofagos,
estimulando a fagocitose (TURNER et al., 2014). Na doenca periodontal, TNF-a
contribui significativamente na perda Ossea e inflamacédo tecidual (NODA et al.,
2003). Essa citocina estimula a proliferacdo e diferenciacdo de células como os
osteoclastos, além de combater tumores e a replicacdo viral (SCHMITZ et al., 2011).

A interleucina 6 (IL-6) é secretada principalmente por LT auxiliares,
macrofagos e fibroblastos (TURNER et al., 2014). Sua secrec¢ao é estimulada pelas
citocinas IL-1 e TNF-a (PANG et al., 1994). Apresenta papel importante na ativacao
da resposta imune adaptativa e € descrita como uma citocina pré-inflamatoria. Essa
molécula é capaz de estimular a diferenciacdo dos LB, a produgéo de anticorpos,

induzir a proliferacdo dos LT e regular positivamente a sintese de proteinas
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relacionadas a fase aguda da inflamag¢do (SCHMALZ; SCHWEIKL; HILLER, 2000;
ECKHARDT et al., 2009). Foi demostrado que a IL-6 estimula a reabsorcéo 0ssea in
vitro (MUNDY, 1991). A presenca de elevada concentracdo de IL-6 em sitios
periodontalmente comprometidos tem sido descrita na literatura cientifica
(DONGARI-BAGTZOGLOU; EBERSOLE, 1998).

Em contraste, a interlucina 10 (IL-10) limita a magnitude da resposta imune.
Essa molécula bloqueia a producédo de citocinas e gquimiocinas e a expressao de
moléculas de superficie envolvidas na apresentacao antigénica e co-estimulacao de
LT, como CD80, CD86 e MHC classe Il. A principal funcdo da IL-10 é inibir a sintese
de TNF-q, regulando assim a expressdo de citocinas proé-inflamatérias (ECKHARDT
et al., 2009). Desativa macrofagos e linfocitos e inibe a angiogénese. Além disso,
inibe a formacédo de osteoclastos e a producdo de protaglandinas e radicais livres
(ROMAGNANI, 2002).

1.4 O efeito dos mondmeros resinosos na producao de citocinas

Ha indicios de que os monémeros atuam perturbando o microambiente e, por
conseguinte, alterando redes de regulacdo celular ao interferirem em vias de
transducdo de sinais e comunicacao intercelular (KRIFKA et al., 2013). Ja esta
estabelecido que a liberacdo de citocinas inflamatorias, assim como a expressao de
antigenos na superficie celular, sdo eventos controlados por vias delicadas e
sensiveis, que sdo influenciadas pelo balanco redox celular (ECKHART et al., 2009).
Essas vias séo, principalmente, aquelas que envolvem quinases e o fator nuclear
NF-kB, englobando, portanto, a via de sinalizacdo MPA quinase e a via TLR (Toll
Like Receptor) (SCHWEIKL; SPAGNUOLO; SCHMALZ, 2006).

Alguns autores sugerem que TEGDMA, UDMA e BISGMA tem um potencial
limitado para induzir, por si mesmo, a resposta imunoinflamatéria (RAKICH et al.;
1999; MOHARAMZADEH et al.,, 2007; KRIFKA et al., 2010). Seria necessario,
portanto, a estimulagdo patogénica para que a secrec¢ao de citocinas acontecesse e,
entdo, houvesse atuacdo por parte do mondmero resinoso. De fato, Schmalz,
Schweikl e Hiller (2000) observaram uma pequena alteracdo no nivel de IL-6, e
nenhuma alteracdo no nivel de prostaglandina E; e IL-8 em cultura de epitélio oral
humano, apds a exposicdo ao TEGDMA e sem a estimulacdo pelo produto

bacteriano. Diferentemente, varios estudos descreveram a regulacdo negativa da
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liberacdo de citocinas por macréfagos e mondcitos estimulados por patégenos e
incubados com TEGDMA, BISGMA e UDMA, incluindo TNF-a, IL-13, IL-6 e IL-10
(RAKICH et al., 1999; NODA et al., 2003; ECKHARDT et al., 2009; KRIFKA et al.,
2010; BOLLING et al., 2013).

Noda et al. (2003) incubaram mondcitos humanos THP-1 com HEMA e
TEGDMA, mercurio e niguel por duas semanas. As células foram entdo expostas ao
lipopolissacarideo (LPS) de Escherichia coli. TEGDMA em concentracdo de 0.25-
0.80mM suprimiu em 40-70% a secrecao de TNF-a pelo mondcito estimulado pelo
patégeno. Em outro estudo, realizado em 2009, os autores avaliaram a atuagdo do
TEGDMA na secrecdo de TNF-a e também de IL-6 e IL-10. Macréfagos RAW264.7
expostos a LPS de Escherichia coli foram incubados com 0.125 a 2mM de
TEGDMA, dessa vez por 48 horas. Observou-se a reducao de 20-95% na secrecéo
de TNF-qa, IL-6 e IL-10 (ECKHARDT et al., 2009). Recentemente, Mathisen et al.
(2015) investigaram a secrecdo de IL-1B e TNF-a por macrofagos RAW264.7
incubados com baixas doses de TEGDMA, 50 yM, por um periodo de 48 horas. As
células foram primeiramente expostas ao mondémero por 24 horas e, entdo, por mais
24 horas adicionando LPS de Escherichia coli. Os autores observaram atenuacéo da
secrecdo de IL-1B, mas nenhuma alteracdo nos niveis de TNF-a. Em um estudo
anterior, esse mesmo grupo de pesquisa observou a inibicdo de IL-1p e TNF-a em
macrofagos RAW264.7. As células foram estimuladas por LPS apos incubagdo com
TEGDMA por um periodo total de 48 horas. Relatou-se a reducdo em 50-90% nos
niveis de IL-1B quando incubadas em 50-200 yM de TEGDMA. A inibicao de TNF-a
foi alcancada apenas na concentracao de 200 uM (BOLLING et al., 2013).

Kuan et al. (2012a), por sua vez, descreveram um aumento dose-dependente
na secrecdo de TNF-a por macrofagos murinos incubados com BISGMA num
periodo de até 2 horas. Observou-se que concentracdes de BISGMA tdo pequenas
quanto 3uM j& sdo capazes de provocar citotoxicidade e genotoxicidade nos
macrofagos. Em um segundo estudo, esse mesmo grupo observou um aumento na
geracao de IL-1B, IL-6, 6xido nitrico (NO) e espécies reativas do oxigénio (ROS) por
macroéfagos incubados com BISGMA (KUAN et al., 2012b).

Chang et al. (2014) avaliaram a toxicidade do UDMA as células pulpares
humanas. O mondmero provocou alteragdes morfologicas e perda de 29-49% da
viabilidade celular nas concentracbes de 0.1-0.35 mM. Toniato et al. (2012)

avaliaram a liberagéo das citocinas IL-1f3, IL-6, IL-8, IL-10, IL-12 e TNF-a por células
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incubadas com UDMA. Culturas de células humanas provenientes da polpa,
ligamento periodontal, gengiva e peridésteo foram incubadas com o mondmero
resinoso por 24 horas. Os pesquisadores observaram uma regulacdo positiva da
producdo de IL-6, IL-8 e TNF-a, sugestiva de que UDMA é capaz de induzir a
secrecdo de mediadores da inflamacé&o. A aplicacao direta de UDMA teria, portanto,
o potencial de induzir a resposta imunoinflamatéria, podendo ser o ponto inicial de
toxicidade e dano celular nos tipos celulares estudados no experimento.

Ressalta-se que as pesquisas in vitro abordadas nessa revisdo de literatura
utilizaram LPS de Escherichia coli (NODA et al., 2003; ECKHARDT et al., 2009;
KRIFKA et al., 2010; BOLLING et al., 2013; MATHISEN et al., 2015). Diferentes
bactérias podem apresentar variacdo na capacidade de estimular a producdo de
citocinas (BARKSBY et al., 2009). Portanto, é importante confirmar se os resultados
descritos até entdo na literatura sdo reprodutiveis ao se utilizar bactérias de
relevancia na cavidade bucal, como Porphyromonas gingivalis.

Sabe-se que a presenca de microrganismos no sulco gengival mantém um
infiltrado inflamatdrio persistente no tecido gengival. A relevancia do presente
trabalho se baseia na hipétese de que o contato de restauracdes em resina com 0S
tecidos gengivais pode causar alteracdes nos processos celulares periodontais,
alterando o processo inflamatério estabelecido. Assim sendo, os mondmeros
liberados poderiam comprometer a integridade tecidual e o combate aos produtos
microbianos provenientes do sulco gengival (YUCEL-LINDBERG; BAGE, 2013).
Como mencionado anteriormente, moléculas como as citocinas sdo extremamente
importantes no estabelecimento e manutencdo de interagdes celulares. Portanto, a
expressao diferencial dessas moléculas pode constituir um fator importante na
determinacdo da acdo biolégica dos monémeros resin0sOS No Processo

imunoinflamatério periodontal.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar o efeito de mondmeros resinosos na viabilidade celular e na producéo
de moléculas envolvidas com a resposta imunoinflamatéria em leucdcitos

mononucleares humanos estimulados ou ndo pela bactéria P. gingivalis.

2.2 Objetivos especificos

a) determinar as curvas de citotoxicidade dos mondémeros resinosos
BISGMA, TEGDMA e UDMA para células mononucleares de sangue
periférico humano;

b) avaliar o efeito dos mesmos mondmeros, em diferentes concentracdes
subletais, na producdo de mediadores imunoinflamatérios por leucdcitos

mononucleares estimulados ou nédo por P. gingivalis.
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3 ARTIGO

Ao término desta pesquisa, foi possivel elaborar a seguinte proposta de

artigo, que sera encaminhada para publicacéo na revista Dental Materials:

The effect of resin monomers on the cytokine response of human

leukocytes stimulated with Porphyromonas gingivalis
Artigo preparado dentro das normas da revista Dental Materials (Qualis Al).
Normas para submissdo de artigos podem ser visualizadas no endereco

eletrbnico:  https://www.elsevier.com/journals/dental-materials/0109-5641/guide-for-

authors.
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ABSTRACT

Objectives: Unreacted resin monomers released from dental composites interfere in
the host immune inflammatory responses. The underlying molecular mechanisms
associated to the interaction between these substances and human immune cells
has not been fully understood. This study focused on the evaluation of UDMA,
TEGDMA and BISGMA effects on human leukocytes stimulated by a periodontal
pathogen.

Methods: Mononuclear cells from peripheral blood (PBMC) of ten individuals were
exposed to Porphyromonas gingivalis (Pg) for 1 hour and then incubated with sub-
lethal doses of BISGMA, TEGDMA and UDMA for 19 hours. The secretion of IL-1q,
IL-6, IL-10 and TNF-a was determined by ELISA.

Results: Incubation of PBMC with Pg induced a significant up-regulation of IL-1a and
TNF-a. The addition of monomers did not significantly affect cytokine release after
the 20 h total period.

Significance: Sub-lethal doses of BISGMA, TEGDMA and UDMA did not affect the
PBMC-related cytokine release, even in cells challenged with bacteria. This result
suggests no significant modification to the inflammatory response and periodontal
tissue protection mechanisms via regulation of IL-1a, IL-6, IL-10 and TNF-a secretion
from PBMC.

Keywords: Cytokines; Porphyromonas gingivalis; Mononuclear leukocytes; Materials

testing; Composite dental resin.
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1. Introduction

The employment of resin-based materials in dentistry is presently ubiquitous.
Dental composite resins comprise a complex mixture of materials that usually consist
of an organic matrix, reinforcing inorganic filler and a silane-coupling agent which
connects the filler and the resin matrix [1]. Currently, the most common resin systems
used in dentistry are metacrylates [2,3]. In these systems, the polymerizable organic
matrix contains one or more base monomers such as bisphenol A-glycidyl
methacrylate (BISGMA), urethane dimethacrylate (UDMA), and diluent monomers as
triethylene glycol dimethacrylate (TEGDMA) [1].

Methacrylate monomers are key components that help achieving the required
resin-based dental material characteristics. Stimulus, such as light, make monomers
transform in polymers, but complete reaction is yet a challenge. Literature suggests
that the best polymerization that can be achieved in freshly light-cured dental
composites is around 30-40%, hiking to 50-70% after 24 h [4]. Consequently,
unreacted resin monomers may leach from dental composites, particularly in the first
24 hours after placement [5,6]. Then, monomers elute for many days after
polymerization, due to both incomplete curing and as a consequence of natural
degradation [5]. This fact undermines biocompatibility, and there is evidence that
monomers act disturbing the environment, and ultimately changing the regulation of
cellular systems in various cell types [3,7-10].

In this regard, adverse biological reactions to resin components, such as local
and systemic toxicity, pulp reactions, allergy, genotoxicity and cytotoxicity have been
reported [3,11]. However, studies targeting PBMC-derived immune cells stimulated

with periodontal pathogens, commonly found in the gingival sulcus, are scarce. In
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addition, the underlying mechanism associated to the effect of resin monomers sub-
lethal doses in the periodontal inflammation awaits elucidation.

Dental biofilms keep a persistent sub-clinical inflammatory infiltrate in the gum
tissue. Porphyromonas gingivalis (Pg), a gram-negative anaerobic bacteria that
colonizes sub gingival tissue sites, plays an important role in triggering periodontal
inflammation [12]. The immune system recognizes pathogenic invaders such as Pg
and initiates an inflammatory response. It launches the production of numerous
inflammatory mediators such as pro- and anti-inflammatory cytokines [13]. These
molecules are regulated by tightly controlled pathways and orchestrate the
intercellular communication, coordinating the host cell response. Mononuclear
leukocytes play a critical role in this process. Although the bacterial biofilm is
important in the initiation and progression of periodontitis, it is primarily the host
inflammatory response that promotes considerable damage to the periodontal
tissues. In fact, a delicate balance between health and disease maintains tissue
integrity. Any disability or excess of inflammatory response may result in tissue
damage. In this scenario, the contact of a composite resin restoration with gingival
tissues, and the local release of monomers, may cause changes in periodontal
cellular processes, acting as a local stressor.

In the present study, we focused on evaluating the effect of monomers on
leukocytes stimulated or not by Pg. The goal was to better understand the possible
periodontal hazards due to the use of resin composites in the oral cavity. Both
bacteria and monomers may imply environmental stress to periodontal tissue, thus
influencing the target cell reactions in a combined way. To the best of our knowledge,
the present study is the first to report on the effect of monomers exposure in cytokine

production by leukocytes stimulated with a periodontal pathogen. Our results
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demonstrated that sub-lethal doses of monomers decrease cell viability, but do not

influence cytokine release.

2. Materials and methods

2.1 Chemicals

Three monomers were chosen because they are constituents of a variety of
dental resin systems. Bisphenol A-Glycidyl Methacrylate (BISGMA), triethylene glycol
dimethacrylate (TEGDMA) and urethane dimethacrylate (UDMA) were obtained from
Sigma-Aldrich (St. Louis, MO, USA). These monomers were dissolved in Dimethyl
sulfoxide (DMSO; Sigma-Aldrich, St. Louis, MO, USA). The resin monomers stock
solutions were diluted down to obtain an up to 0.9% (v/v) final concentration of

DMSO in cell cultures.

2.2  Cell metabolic activity studies

The study protocol was approved by the Ethics and Research Committee of
The Pontiphical Catholic University of Minas Gerais, Minas Gerais, Brazil.

Blood samples (10 mL) were drawn by peripheral venipuncture into
heparinized vacutainer tubes (Becton and Dickinson, Vacutainer®, New Jersey,
USA). Purification of mononuclear cells was performed as we described previously
[14]. Briefly, heparinized blood was diluted to a proportion of 1:1 with phosphate-
buffered saline (PBS; Sigma Aldrich, St. Louis, MO, USA). PBMC (peripheral blood
mononuclear cells) were isolated from peripheral blood by density gradient
centrifugation in Ficoll-Paque (GE Healthcare Bio-Sciences, Uppsala, Sweden). The

PBMC interface was collected and washed three times by centrifugation with
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phosphate-buffered saline (PBS) and resuspended in Rosewell Park Memorial
Institute medium (RPMI 1640, Sigma Aldrich, St. Louis, MO, USA), supplemented
with antibiotic-antimycotic (0.25 g/mL amphotericin B, 200 U/mL penicillin, and 0.1
mg/mL streptomycin [Sigma, St. Louis, MO]) and L-glutamine (1 mM [Sigma, St.
Louis, MOJ), complete RPMI, to a concentration of 1.4 x 10° cells/mL. PBMC seeded
in 96-well plate (2.5 x 10° cells/well) were incubated with serially diluted
concentrations (2-fold dilutions) of BISGMA (1000 to 7.8 uM), TEGDMA (10.000 to
78 uM) and UDMA (2000 to 15 puM) for 20 h at 37°C in a 5% CO, atmosphere. The
cells were then subjected to a colorimetric functional assay (MTT) for assessing
mitochondrial activity. Experiments were perfomed in triplicate. Positive control
groups were cells in complete RPMI with 0.9% DMSO and cells without DMSO.
Negative control were cells heated at 100°C for 15 min. The plates were centrifuged
(1200 rpm, 22°C, 10 min). The culture medium was removed from each well, and the
cells resuspended in 110 uL of methyl tetrazolium (MTT, 2.5 mg/mL in RPMI-1640
solution 10% v/v) and incubated for 4 h at 37°C in an atmosphere with 5% CO,. The
viable cells metabolized the yellow MTT and generated the purple formazan product,
which was dissolved in 100 yL of DMSO and read against blank reagent at 575 nm
using a micro plate reader (Versamax, Molecular Devices, Sunnyvale, CA). The
concentration of each monomer that caused a 50% (TCs) and 20% (TCyp) decrease
in the cell metabolic activity was interpolated from the dose-response curves. This
was carried out by fitting the experimental data to a sigmodal curve using the least

mean square algorithm.
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2.3  Bacterial preparation

A single strain of Porphyromonas gingivalis ATCC 33277 was purchased from
the ATCC (Manassas, VA, USA) and cultured as previously described by Kinane et
al. [15]. P. gingivalis (Pg) were reactivated and cultured in Brucella agar (Pronadisa,
Madrid, Spain) containing 5% blood, 5% yeast extract and 0.1% of hemin (Sigma
Chemical Co., St. Louis, MO, USA) and 0.1% menadione (Sigma Chemical Co., St.
Louis, MO, USA) under anaerobic conditions (Bactron Anaerobic Chamber, Sheldon
Manufacturing Inc., Cornelius, OR, USA) with an atmosphere of 90% N,, 10% CO.,
at 37°C for 48 h. The purified bacterial colonies were then harvested in PBS and heat
inactivated at 100°C for 30 min., as described by JIA et al. [16]. The final
concentration of the P. gingivalis suspension was 4 x 10** CFU (colony forming units)
per mL. The stock solution was kept in —20°C freezer, thawed and diluted prior to
experiments. The appropriate dilutions were made to achieve the desired

concentration (moi:100).

2.4 Incubation of PBMC with Porphyromonas gingivalis and resin monomers

To analyze the production of cytokines, blood samples (10mL) from ten
healthy individuals (7 females, 3 males) were drawn by peripheral venipuncture into
heparinized vacutainer tubes. All subjects did not use drugs that interfere with the
immune inflammatory response. Purification of PBMC was performed as
aforementioned in the cell viability studies section. After that, cells were resuspended
in complete RPMI (RPMI supplemented with antibiotic-antimycotic and L-glutamine)
to a concentration of 1.0 x 10° cells/mL. The cells were then subjected to eight
conditions: 1) Control (media), 2) BISGMA, 3) TEGDMA, 4) UDMA, 5) Pg (P.

gingivalis), 6) Pg + BISGMA, 7) Pg + TEGDMA, 8) Pg + UDMA. In the Control group
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the PBMC were maintained in culture media. In the groups stimulated with Pg, cells
were challenged with heat-inactivated P. gingivalis at moi:100 (1.0 X 10® CFU/mL).
All samples were cultured for 1 h, at 37°C in an atmosphere with 5% CO,. The resin
monomers were then added to the test group samples to a final concentration of their
TC,. Cells were incubated for additional 19 h at 37°C, 5% CO,, making a total
incubation time of 20 h. All samples were centrifuged (3000 rpm, 4°C, 6 min) and the
supernatant collected to be analyzed. The production of IL-1a, IL-6, TNF-a and IL-10
was determined by double-ligand enzyme-linked immunosorbent assay (ELISA),
according to the manufacturer’s protocol (R&D systems, Minneapolis, MN, USA). The
results were expressed as picograms of cytokine/mL.

To confirm the non-lethal TC,o values in all eight conditions tested in the
ELISA assay, a trypan blue exclusion test was performed as a separated experiment.
After the 20 h incubation, a total of 10 pl of the cell suspension from five individuals
and 30 pl of trypan blue reagent (T6146, Sigma, USA) were mixed and incubated at
room temperature for 5 min. The dye trypan blue did not infiltrate intact cell
membrane, thus viable cells were colorless/clear and non-viable cells showed a blue
color. Cells were then counted using a Neubauer hemocytometer under a light
microscope (Olympus I1X71) and the viable/clear cells were divided by the number of

total cells.

2.5 Statistical analysis

The Shapiro-Wilk test showed that data were not from a normally distributed
population. Thereafter, we applied the Friedman test followed by post hoc Dunn test

to assess the existence of differences among the various groups. The level of
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significance was set at 5%. These analyses were performed using the GraphPad

Prism 5:01 (GraphPad Software, San Diego, CA, USA) software.

3. Results

3.1 Effect of resin monomers on PBMC metabolic (mitochondrial) activity

The MTT assay revealed that all substances tested exhibited a dose-
dependent cytotoxicity to PBMC (Fig. 1). Both positive control groups with and
without DMSO showed similar cell mitochondrial activity results (p > 0.05). As
expected the negative control cells (heated cells) presented low absorbance (0-7%).
In high concentrations, the monomers exhibited toxic effects on PBMC and inhibited
the cell metabolization of MTT. UDMA at concentrations of 0.05 - 2 mM decreased
the mitochondrial activity of PBMC by 50-93% (Fig. 1A). TEGDMA at concentrations
of 2.5 - 10 mM diminished cell activity by 26-93% (Fig. 1B), whereas BISGMA at 0.06
- 1 mM caused a 44 - 95% decrease (Fig. 1C). Therefore the following order of
toxicity (TCsp values) was observed (uM): BISGMA 69.0 (62.1-77.3, 98% confidence
interval), UDMA 505.0 (429.1-593.9, 95% confidence interval) and TEGDMA 3161.0
(2697.0-3708.0, 90% confidence interval), and the TC,, values were 50.5 uyM, 167.0
MM and 2150.0 uM for BISGMA, UDMA and TEGDMA, respectively. The TCy values

were used in the following experiments.
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Fig. 1 - Dose-response curves for PBMC treated with monomers after 20 hours
of exposure. Cell viabilities were assessed by a MTT-based assay and
expressed as a percentage of control (media). The curves correspond to a
sigmoidal fitting.

As MTT measures metabolic activity, not necessarily viability, an experiment
that directly measures cell death is warranted to confirm a MTT-based cell viability
assay. Therefore, the impact on cell survival was confirmed by the trypan blue
method, which showed that the TC,, of BISGMA, TEGDMA and UDMA with or
without Pg decreased in 20-30% the number of viable cells, as compared to the
controls (media and Pg) (Fig. 2). The number of nonviable cells was very low, but the

total number of cells in the test groups significantly decreased, as compared to the

controls media or Pg.
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Fig. 2 - The effect of Pg and resin monomers on cellular viability in PBMC,
assessed by the trypan blue exclusion assay. The x-axis corresponds to the
different cell culture treatments. Cellular viability is expressed as a percentage
of control (media). Graph bars represent the mean values + standard deviation.
Numbers shared in common between the groups indicate significant
differences (Kruskal-Wallis, p < 0.05).

3.2  Effect of P. gingivalis and resin monomers in cytokine release

In our experiments, PBMC were exposed to heat-inactivated Pg or left
undisturbed for 1 hour, and then incubated with TC,; BISGMA, TEGDMA or UDMA.
After 20 hours, the resin monomers did not affect cytokine production, as compared
to the incubation with media alone (Control group) (Fig. 3). Pg led to a significant
increase in the production of pro-inflammatory cytokines IL-1a and TNF-a by PBMC,
as compared to the Control group (Fig. 3).

Secretion of IL-1a, TNF-a and IL-6 was not altered in cells exposed to Pg and
resin monomers, as compared to Pg stimulation alone (Fig. 3). Interestingly, the
analysis showed that TEGDMA and UDMA treatment rendered no effect on the pro-
inflammatory IL-1a and TNF-a cytokine production by cells challenged with Pg, as

compared to the Control group (media) (Fig. 3). At the same time, incubation with
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BISGMA and Pg significantly increased these cytokines release, as compared to the
untreated control culture (Fig. 3). Although Pg challenge led to a significant increase
on IL-1a and TNF-a secretion by cells incubated with BISGMA, this effect was not
observed in TEGDMA and UDMA (Fig. 3).

In all groups, the absence of Pg provided no detectable quantities of IL-10
after 20 h (data not shown). Pg triggered IL-10 secretion only in 3 out of 10
individuals, producing no statistical significant difference, as compared to control. Pg
and BISGMA incubation stimulated IL-10 production in 2 individuals, whereas no
individual presented IL-10 release after UDMA and TEGDMA addition. Differently, IL-
6 was detected in the medium supernatants in all groups (Fig. 3). The statistical
analysis showed no differences among groups. Thus, the release of the anti-
inflammatory cytokine IL-10 and pro-inflammatory IL-6 were not influenced neither by

the treatment with Pg nor by the monomers incubation.



42

TNF-alpha IL-1
1000 300
j= o
2 1l 23 2 2,3
5 8004 5
b= T < 200-
S 6004 s 1
= o
o o
(8] o
o 4001 .
c < 1001
= 1,2 =
o 2001 3 o 12
> > y 3
o o
o1+ T F T Y (Y S S S 2 S S N —
N N
RN N N MR MR\ RNy RS\ RN RN
S L L P L O P R S EONECIRS
A2 A2 x NS N & x
o o < o o <
RY oo RV Q%
Treatment Treatment

407

[ T

201

101

Cytokine concentration

&
)
& @(’V\ o°® oQV\ 60@ OO® N
A N & LA o
x x
Q
QY o
Treatment

Fig. 3 - Cytokine release by PBMC either challenged or not with P. gingivalis, in
the presence or absence of resin monomers at TC,y concentrations. Culture
supernatants were harvested and tested for the secretion of cytokines using
ELISA analysis. Graph bars represent mean values * standard deviation. The
values on the y-axis correspond to the concentrations of TNF- a (pg/mL), IL-1
(pg/mL) and IL-6 (ng/mL). Numbers shared in common between the groups
indicate significant differences (Friedman test followed by post hoc Dunn test,
p <0.05).

4. Discussion

Although resin monomers may leach from resinous materials [6] and interact
with immune cells, scarce data regarding the influence of these chemicals on

functional characteristics of human PBMC-derived immune cells, i.e., mononuclear
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leukocytes is available. The present study investigated the molecular mechanisms
underlying the effect of sub-lethal doses of BISGMA, TEGDMA and UDMA on cells
challenged with pathogens. To better simulate in vitro the periodontal
microenvironment, immune cells present in the periodontal tissues, mononuclear
leukocytes, and an important periodontal pathogen (P. gingivalis) were used, and the
secretion of cytokines related to periodontal health and disease was analyzed. IL-1q,
TNF-a and IL-6 are pro-inflammatory cytokines that enhance bone resorption and
activate lymphocytes [17], whereas IL-10 displays anti-inflammatory properties and
inhibits bone resorption [18].

The assessment of cells ability to reduce the tetrazolium dye, MTT, revealed a
high dose-dependent cytotoxicity for BISGMA, UDMA and TEGDMA. This result is
similar to previous studies that observed important cytotoxic effects associated to
diverse cell lines incubated with resin monomers [19-23]. It is worth noting that some
studies proved that the susceptibly and the determination of the TCsyto a monomer
depend on the type of host cells [21,24]. The PBMC TCsoto TEDGMA was 3750 uM.
Using primary human gingival fibroblast cells the TEGDMA TCs, value was 3460 yM
[20]. In contrast, human THP-1 monocytes and human pulmonary cells displayed
TCso of 1500 uM and 1830 pM, respectively [22,25]. Furthermore, the PBMC TCsg to
BISGMA was 69 uM, whereas Kostoryz et al. [26] found a 31 yM for immortal human
endothelial cells, and Engelmann et al. [27] 100 yM for primary human oral
fibroblasts. UDMA presented a TCsp value of 505 uM in the present study, while a 55
MM for human THP-1 monocytes [7] and 106 pM for primary human gingival
fibroblasts [20] were previously described. Therefore, our results confirmed that
cytotoxicity vary considerably depending on the applied cell culture and resin

monomer.
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TCso values are commonly determined by cell metabolic activity studies. The
TEGDMA TCspwas considerably higher than that observed for UDMA, and BISGMA
presented the lowest value. This result is corroborated by other studies that observed
a citotoxicity ranking as follows: BISGMA > UDMA > TEGDMA [20,21,24].

Our results suggest that TC,9 BISGMA, TEGDMA and UDMA did not affect the
pro-inflammatory IL-1a, IL-6, TNF-a and anti-inflammatory IL-10 secretion by
unstimulated human mononuclear leukocytes, after a 20 h incubation. These findings
are similar to data referring to cells such as fibroblasts and THP-1 macrophages. No
effect on cytokine release from unstimulated cells was observed after a 24 and 72 h
incubation with various concentrations of the three chemicals studied here [7,8,28].
Thus, resin monomers seem to not influence cytokine secretion by themselves after
20-24 h of incubation. In contrast to this, Kuan et al. [10] found increased TNF-a
secretion by mouse macrophages exposed for 2 h to BISGMA, in the absence of
pathogens.

After co-stimulation with bacteria, TEGDMA and UDMA slightly down
regulated the release of IL-1a and TNF-a. These results were not significantly
different from Pg-stimulated cells, but statistically identical to control (media). Thus,
these two monomers may interfere with IL-1 and TNF-a metabolism in cells
previously activated by a pathogen, as observed by others [7]. Nonetheless, as
patient-specific variables may blur studies using primary cells, our result only shows
a tendency, not a statistically proven fact.

It is worth noting that untreated PBMC released IL-6, and Pg did not interfere
with this cytokine secretion. The cytokine kinetics may explain the maintenance of IL-
6 levels observed here. Some authors [29] demonstrated that endotoxins stimuli

induces a time-dependent IL-6 production. Therefore, further studies testing Pg
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stimulation on PBMC at different time points are needed. Nevertheless, the
monomers tested in this study did not affect the IL-6 basal metabolism, with or
without pathogen challenge. Thus, we demonstrated that sub-lethal doses of these
monomers do not significantly affect the release of this cytokine, an important
molecule in the periodontal microenvironment, related to inflammatory response and
bone loss [17]. Incubation of PBMC with the chemicals and the pathogen rendered
no effect on cell production of IL-10, whereas IL-1a and TNF-a were clearly affected.
As different cytokines present diverse secretion kinetics, further experiments testing
resin monomers at various incubation times are necessary to analyze their effect on
the release of IL-10, a potent anti-inflammatory cytokine that inhibits osteoclastic
bone resorption and regulates osteoblastic bone formation [18].

Eckhardt et al. [8] found significant changes in cytokine production by mouse
macrophages treated with increasing TEGDMA concentration for over 48 h and
challenged with lipopolysaccharides. They detected a clear concentration-dependent
inhibition of IL-10, IL-6 and TNF-a release. In addition, another study suggested that
low concentrations of TEGDMA reduced the LPS-induced cytokine release by mouse
macrophages [9]. First, both studies used mouse cells, whereas we analyzed human
PBMC. As mentioned earlier, different cell lines may react differently to the same
substance. Furthermore, we tested monomers exclusively in their TC,, concentration,
a non-lethal dose. Higher monomer concentrations may alter PBMC-related cytokine
release. That is to say, resin monomer concentrations that diminish the number of
viable cells will probably down-regulate the total cytokine secretion. If the number of
cells capable of responding to stimuli is reduced, a decrease on cytokine levels in
culture is expected, a bias that may compromise the analysis of the resultant

cytokine levels detected in the medium supernatants.
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In this in vitro study, the experimental conditions were limited to one microbial
agent and one time point. Furthermore, oral environment factors, such as saliva, may
impact the cytotoxicity and cell response to the substances studied here.
Nevertheless, the present study was performed in controlled experimental conditions
and rendered reliable and reproducible results. Further research is necessary to

investigate the clinical relevance of our findings.

5. Conclusion

The effect of BISGMA, TEGDMA and UDMA on human leukocytes stimulated
with a periodontal pathogen, demonstrated for the first time in this research, indicates
that sub-lethal doses of these chemicals might not influence IL-10, IL-6, IL-1a and
TNF-a production. Our results suggest no significant modification to the inflammatory
response and periodontal tissue protection mechanisms via regulation of IL-1a, IL-6,

IL-10 and TNF-a secretion from PBMC.
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4 CONSIDERACOES FINAIS

As resinas compostas sdo constituidas de carga inorganica, um agente silano

de unido, e matriz organica, em geral composta de mondémeros de metacrilatos.

Pouco se sabe sobre a atuacdo desses mondOmeros resinosos na atividade de

células imunocompetentes estimuladas por produtos de periodontopatogenos. O
presente trabalho demonstrou que doses sub-letais de BISGMA, TEGDMA e UDMA

produzem toxicidade dose-dependente em leucécitos humanos mononucleares. Por

outro lado, nas condi¢cbes experimentais testadas nesse estudo, em doses subletais,

0s mondmeros avaliados ndo afetaram a secrecéo de citocinas, independentemente

de estimulacdo bacteriana.

Por fim, os resultados dessa pesquisa permitem concluir que:

a)

b)

d)

a grau de citotoxicidade dos mondmeros resinosos aos leucocitos
mononucleares humanos pode ser ordenado da seguinte forma:
BISGMA>UDMA>TEGDMA;

a TCso para o BISGMA, UDMA e TEGDMA foi 69 puM, 505 uM e 3161 pM,
respectivamente;

apos 20h, a incubacdo com os monémeros avaliados, na concentracao
TCyo, ndo estimulou a producdo de IL-la, TNF-a, IL-10 e IL-6 pelos
leucoécitos mononucleares humanos;

ap6s 20h, a incubacdo com a bactéria Porphyromonas gingivalis
estimulou a producdo das citocinas IL-la e TNF-a pelos leucdcitos
mononucleares humanos, mas nao alterou a secrecao de IL-10 e IL-6;
apos 20h, a incubacédo dos monémeros avaliados, na concentracdo TCy,
nao provocou alteracdo estatisticamente significativa na producéao de IL-
la, TNF-a, IL-10 e IL-6 pelos leucdcitos mononucleares humanos
estimulados pela bactéria Porphyromonas gingivalis.
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