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RESUMO

Alendronato de sodio (Ale) é um bisfosfonato que tem sido utilizado de forma topica como
adjuvante no tratamento da doenca periodontal, com resultados clinicos satisfatorios. Embora
0s osteoclastos sejam os principais alvos farmacoldgicos dos bisfosfonatos, esses farmacos
também atuam diretamente em células fagocitarias como macrofagos e neutréfilos, células
que participam ativamente dos processos bioldgicos nos tecidos periodontais, combatendo
bactérias e induzindo destruicdo tecidual. Dessa forma, Ale pode afetar a resposta
imunoinflamatdria a periodontopatégenos nos sitios periodontais. O objetivo deste trabalho
foi avaliar o efeito de doses topicas de Ale na atividade de granuldcitos e mondcitos
estimulados com Aggregatibacter actinomycetemcomitans (Aa) in vitro. Para isso, amostras
de sangue de 10 individuos saudaveis foram incubadas com Ale a 1%, por 2 horas. Em seguida,
foi adicionado Aa e, apds 6 horas de incubacéo, foi realizada lise das hemécias. Foram avaliadas
por citometria de fluxo a viabilidade celular, producdo de intermediarios reativos do oxigénio,
pela marcacdo com DHR123, expressdo de TLR2 e TLR4 e expressdo das citocinas IL-1f, 1L-8,
IL-10, TNF e TGF-B1 por granulécitos (CD66b™) e mondcitos (CD14"). Analises citométricas
mostraram que concentragdo de 1% de Ale ndo afetou significativamente a viabilidade de
granudcitos e monocitos humanos. Ale reduziu a expressdo de CD66b, DHR123, TLR4, IL-8,
TNF e IL-10 em granuldcitos e a expressdo de TLR2 e 4, IL-1B, IL-8, TNF, IL-10 e TGF-1
em mondacitos ex vivo. Considerando células estimuladas com Aa, Ale reverteu os efeitos da
bactéria nos granuldcitos, reduzindo a expressdo de CD66b, DHR123 e IL-8 e aumentando a
expressao de TNF e IL-10 nos granuldcitos. Ja nos mondcitos, Ale também reverteu o efeito
do Aa, reduzindo a expressao de DHR123, IL-1p, IL-8, TNF e IL-10. Ale foi capaz de reduzir
ainda mais a expressdao de TLR4 em monocitos estimulados com Aa. Nossos resultados
sugerem que Ale é capaz de modular a ativacdo de granulécitos e a expressdao de TLR,
intermediarios reativos do oxigénio e citocinas por granul6citos e mondcitos humanos
estimulados ou ndo com Aa, sugerindo que a utilizacdo topica desse bisfosfonato nos tecidos
periodontais possa afetar os mecanismos imunoinflamatorios envolvidos na doenca

periodontal.

Palavras-chave: Alendronato. Citocinas. Granuldcitos. Mondcitos.  Aggregatibacter

actinomycetemcomitans.



ABSTRACT

Sodium alendronate (Ale) is a bisphosphonate that has been used topically as an adjuvant in
the treatment of periodontal disease, with satisfactory clinical results. Although osteoclasts are
the main pharmacological targets of bisphosphonates, these drugs also act directly on
phagocytic cells such as macrophages and neutrophils, cells that participate in biological
processes in periodontal tissues, fighting bacteria and inducing tissue destruction. Thus, Ale
could affect the immunoinflammatory response to periodontopathogens at periodontal sites.
The aim of this study was to evaluate the effect of topical doses of Ale on the activity of
granulocytes and monocytes stimulated with Aggregatibacter actinomycetemcomitans (Aa) in
vitro. For this purpose, blood samples from 10 healthy individuals were incubated with 1%
Ale for 2 hours. Then, Aa was added and, after 6 hours of incubation, red blood cell lysis was
performed. Cell viability, production of reactive oxygen intermediates, by labeling with
DHR123, expression of TLR2 and TLR4 and expression of IL-1B, IL-8, IL-10, TNF and
TGF-B1 by granulocytes (CD66b*) and monocytes (CD14%) were evaluated by flow
cytometry. Analysis showed that 1% Ale concentration did not significantly affect the
viability of human granulocytes and monocytes. Ale reduced the expression of CD66b,
DHR123, TLR4, IL-8, TNF and IL-10 in granulocytes and the expression of TLR2, TLR4,
IL-1B, IL-8, TNF, IL-10 and TGF-B1 in monocytes ex vivo. Considering Aa-stimulated cells,
Ale reversed the effects of the bacteria on granulocytes, reducing the expression of CD66b,
DHR123 and IL-8 and increasing the expression of TNF and IL-10 in granulocytes. In
monocytes, Ale also reversed the effect of Aa, reducing the expression of DHR123, IL-18, IL-
8, TNF and IL-10. Ale was able to further reduce TLR4 expression in Aa-stimulated
monocytes. Our results suggest that Ale is able to modulate the activation of granulocytes and
the expression of TLR, reactive oxygen intermediates and cytokines by granulocytes and
monocytes stimulated or not with Aa, suggesting that the topical use of this bisphosphonate in
periodontal tissues may affect the immunoinflammatory mechanisms involved in periodontal

disease.

Keywords:  Alendronate.  Cytokines.  Granulocytes. Monocytes.  Aggregatibacter

actinomycetemcomitans.
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1 INTRODUCAO

A periodontite € uma doenga inflamatoria multifatorial cronica associada a biofilmes
de placa disbiotica e caracterizada pela destruicdo progressiva do aparelho de suporte dentério
(PAPAPANOU et al., 2018). Pode acometer um ou mais sitios em boca, envolvendo gengiva,
ligamento periodontal e osso alveolar. O acimulo de placa bacteriana é considerado o
principal fator causal, pois, na sua presenca, células do hospedeiro secretam mediadores
quimicos que participam dos processos de reabsorcdo 6ssea e degradacdo da matriz
extracelular, podendo levar a perda de insercdo, dano este irreversivel (ATA-ALI et al.,
2015). A bactéria Aggregatibacter actinomycetemcomitans é um importante microrganismo
capaz de interferir nos mecanismos de defesa do periodonto e na homeostase dssea
(HERBERT et al., 2016).

Em resposta ao acumulo de biofilme, leucdcitos se acumulam rapidamente nos tecidos
periodontais (NICU; LOOQS, 2016). Macrdéfagos e neutrofilos desempenham importante papel
na patogénese da periodontite, atuando na imunorregulacéo, na eliminacdo das bactérias por
meio da fagocitose e geracdo de grandes quantidades de espécies reativas de oxigénio (ZENG
et al.,, 2019) e nos processos de destruicdo tecidual, por meio da secrecdo de enzimas,
citocinas e outros mediadores inflamatérios (ALMUBARAK, 2020). A atividade dessas
células nos tecidos periodontais € modulada por vérias citocinas pré e anti-inflamatérias (LIU
et al., 2016). Apds a terapia periodontal de suporte, os pacientes mostram um aumento
significativo das funcdes fagociticas (NAIFF, 2020).

Nos ultimos anos, a aplicacdo topica de alendronato de sédio nos sitios periodontais,
como adjuvante no tratamento periodontal, tem mostrado resultados clinicos satisfatérios
(AKRAM et al., 2017; GUPTA et al., 2011; IPSHITA et al., 2018; KANORIYA et al., 2016).
O alendronato é um bisfosfonato amplamente utilizado no tratamento da osteoporose, que
apresenta efeito inibidor da atividade de osteoclastos e, consequentemente, da reabsorcéo
0ssea (RODAN; RESZKA, 2002). Além da acdo em osteoclastos, estudos mostraram que 0s
bisfosfonatos podem atuar diretamente nos monadcitos e macréfagos, alterando a morfologia
celular, reduzindo a sobrevivéncia, diferenciacdo e funcdo celular, afetando a secrecdo de
metaloproteinases de matriz e a expressao de toll-like receptor 4 (PATNTIRAPONG,;
POOLGESORN, 2018; ZHU et al., 2019). Os bisfosfonatos também foram capazes de inibir
guimiotaxia de neutréfilos in vitro e a atividade da enzima NADPH oxidase de maneira dose-

dependente e o recrutamento de neutrofilos in vivo (KUIPER et al., 2012).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Nicu%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=27045435
https://www.ncbi.nlm.nih.gov/pubmed/?term=Loos%20BG%5BAuthor%5D&cauthor=true&cauthor_uid=27045435
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng%20MY%5BAuthor%5D&cauthor=true&cauthor_uid=30632295
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akram%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=27718252
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ipshita%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29722166
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Embora os efeitos dos bisfosfonatos na atividade de osteoclastos tenham sido bastante
estudados, pouco se conhece sobre seus efeitos em células imunocompetentes, principalmente
quando estas estdo estimuladas por produtos de microrganismo orais, como ocorre nos tecidos
periodontais. Considerando o papel dos neutrofilos e mondcitos no combate aos
microrganismos periodontais e na destruigéo tecidual, torna-se relevante avaliar os efeitos de
concentracfes de uso tdpico de alendronato de sdédio na atividade dessas células sob
estimulacdo ou ndo com periodontopatdgenos. O objetivo do presente trabalho foi avaliar o
efeito do alendronato de sodio (Ale) na viabilidade celular e na expressdo de moléculas
envolvidas nas respostas imunoinflamatdrias por granuldcitos e mondcitos estimulados com
Aggregatibacter actinomycetemcomitans (Aa). As hipéteses testadas foram: (1) concentracGes
de uso tdépico de Ale reduzem significativamente a viabilidade de granuldcitos e mondcitos;
(2) concentracBes de uso topico de Ale inibem a atividade de granuldcitos e mondcitos
estimulados com Aa.

1.1 Bisfosfonatos

Os bisfosfonatos sdo drogas que inibem o processo de reabsorcdo Ossea, sendo
utilizados inicialmente no tratamento da doenca de Paget e, posteriormente, no tratamento da
osteoporose e de pacientes com neoplasias malignas e metéstases nos 0ssos (CASTRO et al.,
2004). Os primeiros bisfosfonatos aprovados para uso terapéutico foram clodronato e
pamidronato dissddico e, em seguida, alendronato e risedronato de sodio, esses Ultimos
usados amplamente por pacientes com osteoporose (CASTRO et al., 2004). Os bisfosfonatos
apresentam grande afinidade pela hidroxiapatita, sendo absorvidos pelos osteoclastos durante
a reabsorcdo 60ssea e gerando efeitos anti-reabsorcédo 0ssea de longa duracdo (FISCHER et al.,
2006).

Por sua estrutura quimica, os bisfosfonatos sdo classificados em duas categorias:
nitrogenados e ndo nitrogenados. Os bisfosfonatos ndo nitrogenados sdo incorporados as
novas moléculas de adenosina trifosfato (ATP), apds captacdo osteoclastica na superficie
mineral 6ssea (RUSSELL, 2006). O acumulo desses analogos de ATP ndo hidrolisaveis nas
células é citotoxico para os osteoclastos devido a sua acao inibitoria sobre processos celulares
dependentes de ATP, o que leva a apoptose dos osteoclastos. Diferentemente, 0s
bisfosfonatos nitrogenados inibem a enzima farnesildifosfato sintase, resultando na

interrupcdo de varias vias envolvidas na organizacdo do citoesqueleto, na sobrevivéncia
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celular e na proliferagdo celular, o que também leva a apoptose das células osteoclasticas
(RODAN; RESZKA, 2002).

Bisfosfonatos nitrogenados, como pamidronato e alendronato, mostraram-se de 10 a
100 vezes mais potentes que 0s ndo-nitrogenados, como etidronato e clodronato (CASTRO et
al., 2004). Além dos efeitos inibitorios da reabsorcdo Ossea, estudos sugerem que 0S
bisfosfonatos nitrogenados também podem apresentar efeito antineoplasico e capacidade de
modular a sinalizacdo imune inata (NORTON et al., 2011). Foi demonstrado ainda que alguns
bisfosfonatos podem ser uma nova opgéo para o tratamento de infec¢bes bacterianas, por sua
capacidade de inibir a relaxase conjugada do plasmideo F, uma enzima essencial para a
transferéncia conjugativa que as bactérias usam para adquirir resisténcia contra antibiéticos
(LUJAN et al., 2007). Na Odontologia, um estudo mostrou que os bisfosfonatos atuam
auxiliando a remogao quimica da matriz inorganica nas paredes dos canais radiculares durante
tratamento endodontico (GIRARD et al., 2005).

Um dos efeitos adversos mais graves do uso de bisfosfonato sistémico é a
osteonecrose dos maxilares, caracterizada por uma area de 0sso exposto que persiste por pelo
menos oito semanas. Sua incidéncia varia de 1 por 10.000 a 110.000 pacientes/ano, podendo
chegar a aproximadamente 10% em pacientes com mieloma (KHOSLA et al., 2007). Outro
remodelacdo 0ssea, gerando acumulo de microdanos causados por impacto (BLACK et al.,
2010).

1.2 Efeito dos bisfosfonatos em células fagocitarias

Os bisfosfonatos atuam diretamente nos mondcitos e macréfagos, reduzindo a
sobrevivéncia, induzindo altera¢gdes morfoldgicas, prejudicando a diferenciacdo de mondcitos
em macréfagos e afetando a funcdo dos macréfagos (PATNTIRAPONG; POOLGESORN,
2018). A viabilidade de macrofagos é afetada tanto pelo alendronato quanto pelo acido
zoledrénico em concentragdes de 100 e 10-100 uM, respectivamente. Em alta concentragdo
(100 uM), o 4cido zoledronico causa uma redugdo na diferenciacdo celular. Por outro lado,
em doses baixas (1-10 uM), alendronato e acido zoledronico aumentam a expressdo de
metaloproteinases de matriz nos macrofagos (PATNTIRAPONG; POOLGESORN, 2018).

Estudo recente mostrou que a exposicdo de macrofagos de camundongos ao

zolendronato estimula a expressao de toll-like receptor 4 (TLR4) com consequente ativacdo
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de NF-kB e inducdo da diferenciagdo para o fenétipo M1, tanto in vitro quanto in vivo (ZHU
et al., 2019). Este estudo mostrou ainda que a utilizacdo de camundongos knockout para
TLR4, em modelo de inducao de osteonecrose induzida por bisfosfonato, reduziu a ocorréncia
de osteonecrose e a frequéncia de macréfagos M1 nos sitios de exodontia, sugerindo
participacdo da via TLR4 no processo.

Estudo avaliando os efeitos de bisfosfonatos na atividade de neutr6filos mostrou que
zoledronato e pamidronato inibiram a quimiotaxia de neutréfilos in vitro e a atividade da
enzima NADPH oxidase de maneira dose-dependente. O recrutamento in vivo de neutréfilos
também foi suprimido (KUIPER et al., 2012).

1.3 Doenca periodontal

A periodontite € uma das doengas inflamatdrias cronicas humanas mais comuns, sendo
diagnosticada em 8 a 10% da populacdo em geral (EKE et al., 2012). A resposta
imunoinflamatdria a bactérias presentes no sulco gengival desencadeia destruicdo dos tecidos
periodontais, podendo levar a perda dentaria (CHAPPLE; MATTHEWS, 2007).

A chave para o inicio e a progressao da periodontite é uma complexa interacao entre as
bactérias orais e 0 hospedeiro. Aggregatibacter actinomycetemcomitans (Aa), Porphyromonas
gingivalis e Tannerella forsythia estdo fortemente associados com a progressao da doenca
periodontal e o insucesso terapéutico (GAJARDO et al., 2005).

A periodontite decorre de complexas interacGes entre o hospedeiro e a microbiota
disbidtica subgengival que levam a respostas inflamatorias excessivas ou desreguladas
envolvendo elementos da imunidade inata (fagocitos) e da imunidade adaptativa (linfocitos
regulatorios e efetores) (MALANDRINO et al., 2015).

Prostaglandinas e citocinas, como IL-1 e TNF, produzidas por macrofagos e outras
células do tecido conjuntivo fibroso em resposta ao LPS de periodontopatdgenos, estimulam a
secrecdo de catepsina K e metaloproteinases de matriz (MMPs) que causam degradagédo da
matriz extracelular e expressdo de RANKL que estimula a osteoclastogénese, gerando
reabsorcao d6ssea (GRAVES, 2011). AlteracGes quantitativas e da composi¢do da microbiota
(disbiose) induzem vias inatas de sinalizacdo imunoldgica que levam ao desenvolvimento de
uma resposta imune adaptativa dentro do tecido conjuntivo gengival (LAMONT,
HAJISHENGALLIS, 2015). Subtipos de linfocitos T auxiliares atuam modulando esses
processos de destruicdo tecidual. Linfocitos Thl e Thl17 secretam interferon-gama e

interleucina-17 (IL-17), respectivamente, as quais estimulam os processos de destruigéo



tecidual. Por outro lado, linfécitos Th2 e T regulatorios (Treg) secretam citocinas,
como IL-4 e IL-10, que inibem os processos de degradacdo tecidual (GRAVES, 2011).
Além disso, estudos recentes demonstraram o potencial dos linfocitos B para secretar
citocinas pro-inflamatérias, MMPs e RANKL (HAJISHENGALLIS; KOROSTOFF,
2017).

A. actinomycetemcomitans e P. gingivalis sdo bactérias tipicamente associadas
a doenca periodontal (FARIAS et al., 2012). Recentes resultados apoiam a hipdtese de
que o complexo microbiano associado a periodontite é resultado de um processo lento
e continuo, ocorrendo em habitat com condi¢Ges ecoldgicas favordveis. Enquanto a
microbiota nas infeccdes bacterianas classicas em lesbes altamente ativas ou em
individuos com condi¢Ges médicas graves evolui sob baixa diversidade, na maioria
dos casos de periodontite, a diversidade da microbiota aumenta @ medida que a doenca
se desenvolve (MOMBELLLI et al., 2017). Acredita-se que as bactérias danifiquem os
tecidos apenas se presentes em numeros altos por periodos prolongados (MOMBELLI
etal., 2017).

Apds colonizacdo, A. actinomycetemcomitans apresenta a partir de seus
sorotipos (sendo o sorotipo b mais comum na periodontite) (GHOLIZADEH et al.,
2017), diferentes fatores de viruléncia, sendo os mais importantes CDT (toxina
distensora citoletal) - A. actinomycetemcomitans é a Gnica espécie do microbioma oral
com a propriedade de produzir exotoxina proteica — a leucotoxina e LPS, com intuito
de evadir os mecanismos de defesa e levar a uma resposta fisiopatoldgica inflamatéria.
A leucotoxicidade de A. actinomycetemcomitans em individuos com periodontite €
aumentada em comparacdo com de individuos sem periodontite. Uma condicdo de
cultura anaerdébia aumenta significativamente a producdo de leucotoxina, como € a
condicdo da bolsa periodontal, apesar de A. actinomycetemcomitans estar presente
tanto supra quanto subgengivalmente (BELIBASAKIS et al., 2019).

O ATP extracelular (eATP) é uma importante molécula sinalizadora
intercelular e o rapido aumento de sua concentracdo no espaco extracelular resulta no
recrutamento e ativacdo de fagocitos. Estudos recentes mostram que as bactérias
tambeém liberam ATP no meio extracelular, sugerindo um papel potencial para o0 eATP
nas interacdes hospedeiro-microrganismo (DING et al., 2016). O estudo de DING et
al. (2016) mostrou que A. actinomycetemcomitans, mas nao P. gingivalis, P.
intermedia ou F. nucleatum, secreta ATP na cultura. O eATP bacteriano atua como

um potente quimioatraente para neutrofilos e mondcitos. Os achados do estudo
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fornecem evidéncias de ATP secretado de A. actinomycetemcomitans como um novo fator de
viruléncia que contribui para a inflamacao durante a doenca periodontal.

O papel de defesa dos tecidos periodontais € exercido pelos macréfagos (LIU et al.,
2014; RUCKERL; ALLEN, 2014; YANG et al., 2014). Apds o tecido ser infectado, 0s
monocitos que estavam na corrente sanguinea deslocam-se para o local do estimulo
bacteriano onde sdo ativados e se tornam macrofagos. Em seguida, ocorrem processos
nocivos ao tecido conjuntivo periodontal, como a fagocitose das bactérias e a liberacdo de
metaloproteinases de matriz (MMPs) e colagenases. A contribuicdo para destruicdo dos
tecidos periodontais também ocorre pela secrecdo, por mondcitos, de altos niveis de
metaloproteinase, espécies reativas do oxigénio (ROS), fator de necrose tumoral (TNF), IL-1,
IL-6 e RANKL, amplificando a resposta inflamatoria para controlar a infeccdo bacteriana
(VARANAT et al., 2017).

Os neutrdfilos sdo células imunes inatas fagocitarias essenciais para a eliminacao de
bactérias por meio da ativacdo de uma ampla variedade de respostas efetoras e geracdo de
grandes quantidades de espécies reativas de oxigénio (ROS). A maioria das ROS nos
neutrofilos é gerada pela ativagdo da enzima geradora de superdxido nicotinamida adenina
dinucleotideo fosfato (NADPH) oxidase (ZENG et al., 2019). Os neutréfilos desempenham
um papel importante na manutencdo da saude bucal por meio de interagbes com biofilmes
microbianos orais. Tanto a hiperatividade dos neutrofilos quanto a subversdo bacteriana das
respostas dos neutrdfilos podem causar dano tecidual mediado pela inflamagdo, como
observado na doenca periodontal (OVEISI et al., 2019). Neste estudo de OVEISI, foi
demonstrado que biofilmes bacterianos especificos alteram diferentemente as vias de ativacéo
dos neutrdfilos, influenciando a fagocitose, producdo de ROS, formacdo de armadilhas
extracelulares de neutrdfilos e liberacdo de mieloperoxidase.

Os neutrdfilos sdo o principal tipo de célula imune no sangue humano adulto e os
mediadores primarios das respostas inflamatorias contra microrganismos invasores. Os
neutrofilos circulantes migram para os tecidos periféricos, como a pele, intestino, pulmdes e
tecido periodontal, em resposta a infeccdo ou inflamacdo. (KORKMAZ et al., 2010). Ao
fagocitarem microrganismos, 0s neutrdfilos ativam processos microbicidas, que envolvem
granulos contendo peptideos antimicrobianos, proteinas e serino-proteases (DELIMA; VAN
DYKE, 2003).

Os neutréfilos parainflamatorios orais sdo capazes de interagir com biofilmes
comensais sem induzir uma resposta inflamatdria, demonstrando que nem todos os neutrofilos

que trafegam atraves dos tecidos periodontais sdo totalmente ativados (FINE et al., 2016).
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A maioria dos leucdcitos segregados do fluido crevicular é do tipo neutrdéfilo. Essas
células se acumulam rapidamente nos tecidos periodontais, onde h& acumulo de placa
bacteriana (NICU; LOOS, 2016). Os neutrofilos atuam na eliminacdo bacteriana e também
nos processos de destruicao de tecidos na periodontite. Anormalidades genéticas na migracao
de neutrofilos, quimiotaxia e fagocitose se manifestam como formas graves de periodontite
(NICU; LOOS, 2016). Estudos mostraram que a capacidade fagocitaria dos neutréfilos nédo
varia significativamente com a idade ou sexo dos individuos (GURSQY et al., 2008).

A funcdo dos neutrdfilos é fundamental para inicio e progressdo de doengas
infecciosas inflamatérias (KURGAN et al., 2017). A leucotoxina de A.
actinomycetemcomitans, além de induzir apoptose em linfocitos, induz a degranulacdo de
neutrofilos, o que resulta na ativacdo e liberacdo de enzimas proteoliticas como a elastase e a
MMP-8 (BELIBASAKIS et al., 2019; JOHANSSON et al., 2017). Andlises bioquimicas e
morfoldgicas mostram que a leucotoxina exibe citotoxicidade contra neutréfilos humanos,
sugerindo que a mesma agrava a periodontite por meio de uma via dependente de neutrofilos
(HOGLUND, 2014).

A acdo das citocinas na patogénese da doenca periodontal envolve a estimulacdo da
atividade microbicida, estimulo da reabsorcdo Ossea e da destruicdo dos tecidos moles
periodontais (LIU et al., 2016). Os neutréfilos também desempenham um papel importante na
imunorregulacdo e sua atividade é modulada por varias citocinas prd e anti-inflamatorias.
Qualquer fator que quebre a homeostase resultara no dano da imunidade do hospedeiro e pode
ter relacdo com a periodontite (LIU et al., 2016). Os neutr6filos de pacientes com periodontite
apresentam baixa resposta antioxidante, resultando em aumento do dano tecidual oxidativo
(SIMA et al., 2016). Algumas citocinas tém efeitos pré-inflamatérios, como IL-1, TNF, IL-6,
IL-8 e IL-12, enquanto outras tém efeitos anti-inflamatorios, como IL-4, IL-10 e fator de
crescimento transformante beta (TGF-B) (NICU; LOOS, 2016). IL-1 e TNF estdo presentes
em altas concentragdes nos tecidos periodontais durante a periodontite ativa, Sao
catabolicamente ativos na estimulacdo da reabsorcao 0ssea e seus niveis sdo reduzidos apés a
terapia periodontal mecénica (NICU; LOOS, 2016). Uma subpopulacdo de células T
auxiliares denominada LTh17 secreta a citocina IL-17 que induz a producédo de citocinas pro-
inflamatorias como a IL-6, levando a ativacdo de células imunes inatas, a inducdo de vias de
sinalizacdo pré-inflamatoria e recrutamento de neutréfilos (DONG, 2006). I1L-17 também est
envolvida na destruicdo tecidual por meio da estimulacdo da producdo de metaloproteinases
de matriz e RANKL por células estromais (ZENOBIA; HAJISHENGALLIS, 2015). No
estudo de Eskan et al. (2012), a infiltracdo de neutrdfilos e o aumento da perda 6ssea foram
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associados a sinalizacdo de IL-17. Na periodontite cronica resistente a terapia convencional, a
alta producdo de ROS por neutrofilos esta associada a destruicdo grave do periodonto (SIMA
et al., 2016).

A resposta imune adaptativa das células T resulta na producéo de citocinas que podem
ser protetoras, mas também envolvidas na destruicdo do osso periodontal (GARLET et al.,
2008). Os neutrofilos podem potencialmente suprimir a ativacdo das células T liberando
arginase-1 (esgota a arginina necessaria para a ativacao das células T) ou entregando peroxido
de hidrogénio na sinapse imunoldgica de uma maneira dependente da integrina Mac-1
(HAJISHENGALLIS; KOROSTOFF, 2017). Os neutréfilos também podem suprimir
indiretamente a ativacdo das células T por meio da mieloperoxidase ou por mecanismos
dependentes da elastase que inibem a funcdo das células dendriticas (HAJISHENGALLIS;
KOROSTOFF, 2017). Além disso, os neutrdfilos podem liberar ectossomos que podem
regular negativamente a atividade inflamatoria das células imunes inatas, como macro6fagos e
células natural killer (NK) (HAJISHENGALLIS; KOROSTOFF, 2017).

No estudo de Herbert et al. (2016) todas as células imunes do hospedeiro derivadas do
sistema hematopoiético, incluindo neutrofilos, macrofagos, células T e osteoclastos,
responderam a presenca de A. Actinomycetemcomitans in vitro.

Estudos sugerem que o fator de virulencia LtxA do A. actinomycetemcomitans medeia
a lise de neutrofilos humanos e induz a liberacdo subsequente de elastase de neutréfilos, a
qual pode causar ruptura do tecido periodontal e, assim, agravar a periodontite (HI'YOSHI et
al., 2019). Essa leucotoxina, quando associada a poli-N-acetilglucosamina, pode também
proteger o A. actinomycetemcomitans da a¢do bactericida dos macrofagos. Além disso, o fator
de viruléncia CDT induz apoptose em macrofagos em proliferacdo (RABIN et al., 2009) e,
interrompendo sua atividade fagocitica, modifica o equilibrio das citocinas (ANDO-
SUGUIMOTO et al., 2020). Também foi mostrado que apesar das linhagens de células
fibroblasticas serem suscetiveis a CDT, as células do ligamento periodontal ndo sdao (SMITH,
2006).

1.4 Uso dos bisfosfonatos no tratamento periodontal

O tratamento da periodontite visa prevenir a progressdo da doenca e restaurar tecidos
perdidos, por meio de técnicas de mudanca comportamental do paciente, como instrucGes de
higiene oral personalizadas; apoio a cessacdo do tabagismo; intervencdo dietética;

instrumentacdo subgengival para remover a placa e o calculo; farmacoterapia local e
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sistémica; e varios tipos de cirurgia. A doenca periodontal cronica requer uma combinagéo de
modalidades terapéuticas e compromisso ao longo da vida com autocuidado periodontal
(GRAZIANI et al., 2017).

Nos ultimos anos, a aplicacdo topica de bisfosfonatos nos sitios periodontais, como
adjuvante no tratamento periodontal, tem mostrado resultados clinicos satisfatorios. A
utilizacdo topica do gel de alendronato de sodio a 1% no tratamento periodontal ndo cirurgico
mostrou melhora do quadro clinico periodontal (KANORIYA et al., 2016).

O alendronato é uma substancia farmacéutica com carater acido-béasico e hidrofilico
com permeabilidade reduzida (OCHIUZ et al., 2016). Também apresenta uma
biocompatibilidade favoravel, menor toxicidade se comparado a outros polimeros, tem a
capacidade de sequestrar o calcio do fosfato de célcio e apresenta alta solubilidade em meio
aquoso (DOLCI et al., 2017).

A aplicacgdo de enxerto de hidroxiapatita associado a 200 pg de solucdo de alendronato
no tratamento de defeitos intra-Gsseos periodontais na periodontite crénica mostrou
diminuicdo significativa no indice gengival, profundidade de bolsa e perda de insercdo
clinica, em 3 e 6 meses (GUPTA et al., 2011). Além disso, em bolsas periodontais associadas
a defeitos intradsseos, foi observada significativa redugdo de profundidade & sondagem e
perda de inser¢do, ganho radioldgico e ganho volumétrico de defeito ao final de 6 meses
(GUPTA et al., 2011).

O alendronato a 1% como adjuvante da terapia possui propriedades anti-reabsortivas e
osteoestimulantes. O seu uso foi avaliado no aplainamento radicular em pacientes
com periodontite cronica com defeitos de furca de classe 11, encontrando-se uma porcentagem
média significativamente maior de reducdo da profundidade do defeito com o uso do
alendronato em 6 e 12 meses. O alendronato também mostrou melhora significativa em todos
os parametros clinicos (IPSHITA et al., 2018).

Estudos usaram o alendronato como um complemento a terapia periodontal por meio
de aplicacdo topica, via oral, e estudo de meta-anélise mostrou uma redugdo estatisticamente
significativa da doenca periodontal e ganho de insercdo (AKRAM et al., 2017). A aplicacédo
de alendronato de soédio a 10°M como adjuvante no tratamento mecanico
da periodontite induzida em ratos também mostrou resultados satisfatorios em regido de furca
dos dentes (DE ALMEIDA et al., 2015).

Outro estudo em modelo experimental de periodontite em ratos mostrou que a inje¢ao
subcutanea de alendronato reduziu a atividade dos osteoclastos e diminuiu significativamente

a reabsorcéo da crista alveolar. Enquanto a imunoexpressdao de RANKL né&o foi inibida pelo
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medicamento, a expressdo de osteoprotegerina (OPG) foi aumentada nos animais
tratados (MOREIRA et al., 2014).

Defeitos dsseos verticais interproximais foram tratados aleatoriamente com gel de
alendronato a 1% em aplicagdo unica e foram avaliados pelos parametros dos indices
periodontais 6 meses ap0s o tratamento. Embora o alendronato tenha produzido um ganho
maior de nivel de insercéo clinica quando comparado ao placebo, 6 meses apds o tratamento,
ambos os tratamentos produziram efeitos semelhantes na profundidade de bolsa, sangramento
a sondagem e altura Ossea. Diferencas significativas no preenchimento 06sseo foram
observadas apenas em pacientes do grupo tratado com alendronato 6 meses ap6s o tratamento
(DUTRA et al., 2017).

Outro estudo em modelo de periodontite em ratos induzida por inoculagéo oral de P.
gingivalis e F. Nucleatum mostrou que o uso de alendronato, via oral, por 8 semanas reduziu
a perda Ossea, sugerindo potencial de inibicdo da progressdo da doencga periodontal em
individuos que utilizam essa droga e recebem tratamento periodontal convencional
(STORRER et al., 2016).

A utilizagdo tdpica de alendronato como adjuvante no tratamento da doenca
periodontal tem mostrado efeitos significativos na melhoria de pardmetros clinicos e
radiograficos. O efeito dos bisfosfonatos na atividade de osteoclastos € bem conhecido,
entretanto, os efeitos desses farmacos na atividade de células imunocompetentes durante
combate microbiano ainda ndo foram completamente esclarecidos. Considerando o papel dos
neutréfilos e mondcitos na doencga periodontal, torna-se relevante avaliar os efeitos do
alendronato na atividade dessas células durante estimulagdo com periodontopatégeno, quanto
a viabilidade celular, atividade microbicida e a producdo de citocinas pro- e anti-

inflamatorias.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar o efeito do alendronato de sddio em concentracdo de uso tépico periodontal na
producdo de espécies reativas do oxigénio e na expressao de TLRs e citocinas por

granuldcitos e mondcitos humanos estimulados com A. actinomycetemcomitans.

2.2 Objetivos especificos

a) determinar e comparar o efeito do alendronato de sédio na producao de espécies
reativas do oxigénio e na expressdo de TLR2, TLR4 e das citocinas 1L-1f, IL-8,
IL-10, TNF e TGF-B1 por granulécitos e mondcitos humanos, in vitro;

b) determinar e comparar o efeito do alendronato de s6dio na producdo de espécies
reativas do oxigénio e na expressao de TLR2, TLR4 e das citocinas IL-1p, IL-8,
IL-10, TNF e TGF-B1 por granuldcitos € mondcitos humanos estimulados in vitro

com A. actinomycetemcomitans.
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ABSTRACT

Obijectives: Sodium alendronate (Ale) has been used topically as an adjuvant in the treatment of
periodontal disease, with satisfactory clinical results. The aim of this work was to evaluate the effect
of topical doses of Ale on the activity of granulocytes and monocytes stimulated with Aggregatibacter

actinomycetemcomitans(Aa) in vitro.

Methods: Blood samples from 10 healthy subjects were incubated with 1% Ale for 2 hours. Then, Aa
was added and, after 6 hours of incubation, lysis of red blood cells was performed. Cell viability,
production of reactive oxygen intermediates, labeling with DHR123, expression of TLR2 and TLR4
and expression of cytokines IL-1p, IL-8, IL-10, TNF and TGF-B1 by granulocytes (CD66b*) and

monocytes (CD14*) were evaluated by flow cytometry.

Results: Ale did not significantly affect the viability of human granulocytes and monocytes. Ale
reduced the expression of CD66b, DHR123, TLR4, IL-8, TNF and IL-10 in granulocytes and the
expression of TLR2, TLR4, IL-1B, IL-8, TNF, IL-10 and TGF-B1 in monocytes ex vivo. Considering
cells stimulated with Aa, Ale reversed the effects of the bacteria on granulocytes, reducing the
expression of CD66b, DHR123 and IL-8 and increasing the expression of TNF and IL-10 in
granulocytes. In monocytes, Ale also reversed the effect of Aa, reducing the expression of DHR123,
IL-1p8, IL-8, TNF and IL-10. Ale was able to further reduce TLR4 expression in Aa-stimulated

monocytes.

Conclusion: Alendronate is able to modulate the activation of granulocytes and the expression of TLR,
reactive oxygen intermediates and cytokines by granulocytes and monocytes stimulated or not with
Aa, suggesting that the topical use of this bisphosphonate in periodontal tissues may affect the

immunoinflammatory mechanisms involved in periodontal disease.

Keywords: Alendronate. Cytokines. Granulocytes. Monocytes. Aggregatibacter

actinomycetemcomitans.
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INTRODUCTION

Periodontitis is a chronic multifactorial inflammatory disease associated with dysbiotic
plaque biofilms and characterized by the progressive destruction of the dental support apparatus.® It
can affect one or more sites in the mouth, involving the gingiva, periodontal ligament and alveolar
bone. The accumulation of bacterial plaque is considered the main causal factor, becausein the
presence of bacterial products host cells secrete chemical mediators that participate in the processes of
bone resorption and degradation of the extracellular matrix, which can lead to loss of attachment,
which is irreversible damage.? The bacterium Aggregatibacter actinomycetemcomitans is an important
microorganism capable of interfering with the defense mechanisms of the periodontium and bone
homeostasis.®

In response to biofilm accumulation, leukocytes rapidly accumulate in periodontal tissues.*
Macrophages and neutrophils play an important role in the pathogenesis of periodontitis, acting in
immunoregulation, in the elimination of bacteria through phagocytosis and generation of large
amounts of reactive oxygen species and in tissue destruction processes, through secretion of enzymes,
cytokines and other inflammatory mediators.>® The activity of these cells in periodontal tissues is
modulated by several pro- and anti-inflammatory cytokines.> After supportive periodontal therapy,
patients show a significant increase in phagocytic functions.’

In recent years, topical application of sodium alendronate to periodontal sites as an adjuvant
in periodontal treatment has shown satisfactory clinical results®°1%11, Alendronate is a bisphosphonate
widely used in the treatment of osteoporosis, which has an inhibitory effect on osteoclast activity and,
consequently, on bone resorption2. In addition to the action on osteoclasts, studies have shown that
bisphosphonates can act directly on monocytes and macrophages, altering cell morphology, reducing
cell survival, differentiation and function, affecting the secretion of matrix metalloproteinases and the
expression of toll-like receptor 4 1314, Bisphosphonates were also able to inhibit neutrophil chemotaxis
in vitro and the activity of the NADPH oxidase enzyme in a dose-dependent manner and neutrophil
recruitment in vivo®s.

Although the effects of bisphosphonates on osteoclast activity are already known, little is
known about their effects on immunocompetent cells, especially when they are stimulated by oral
microorganism products, as occurs in periodontal tissues. Considering the role of neutrophils and
monocytes in combating periodontal microorganisms and tissue destruction, it is relevant to evaluate
the effects of concentrations of topical use of sodium alendronate on the activity of these cells under
stimulation with periodontopathogens. The aim of the present work was to evaluate the effect of
sodium alendronate (Ale) on cell viability and on the expression of molecules involved in the
immunoinflammatory responses by granulocytes and monocytes stimulated with Aggregatibacter

actinomycetemcomitans in vitro.



29

MATERIAL AND METHODS
Blood samples

Approximately 20 mL of blood was collected from ten healthy voluntary donors through
peripheral vein puncture, using tubes containing heparin (Becton Dickinson Vacutainer®, USA).
Exclusion criteria were: smokers, immunosuppression, systemic infectious disease, chronic alcoholics,
autoimmune disease, chronic inflammatory diseases or who were undergoing treatment with
antibiotic, chemotherapy, antineoplastic, immunosuppressive or anti-inflammatory drugs in the last 30
days.This study was approved by the Research Ethics Committee of the Pontifical Catholic University
of Minas Gerais, under number CAAE: 61550216.0.0000.5137.

Sodium alendronate

Sodium alendronate (Rini Life Science Pvt. Ltd, India) (Ale) was dissolved in Roswell Park
Memorial Institute (RPMI 1640) medium (Sigma Aldrich), moments before use.Previous experiments
performed by our research group showed that Ale concentrations ranging from 0.125 to 2% did not
significantly affect granulocyte viability (90.7% to 92.4% viability in CD66b* cells) or monocyte
viability (86.6% to 91.8% viability in CD14* cells) in short-term culture, using Live/Dead staining and
flow citometry methods. Based on the Ale concentration used clinically in periodontal treatment, a

final concentration of 1% in culture was defined for use in the experiments.

Bacteria preparation

Aggregatibacter actinomycetemcomitans (ATCC29523) samples were cultured on TSA agar
supplemented with 5% blood and 5% yeast extract, in anaerobic jars containing a gas mixture of 90%
N2 and 10% CO, at 37°C, for 48h. Colonies were transferred to tubes containing saline, homogenized
and quantified in a spectrophotometer (Ultrospec 10 Cell Density Meter, Biochrom, Cambridge, UK),
at OD of 1, at a wavelength of 600nm. Then, the bacteria were washed with PBS and heated for 30
minutes at 100°C for heat inactivation. The inactivated bacteria were kept at -80°C for use in the

experiments.

Treatment with alendronate and stimulation with A.actinomycetemcomitans

1mL blood samples from each donor were transferred to polypropylene tubes and sodium
alendronate (Ale) was added at final concentration of 1% in culture. The samples were kept at 37°C,
5% CO,, for 2 hours. Then, A.actinomycetemcomitans (Aa) was added at a final concentration of
3x10°% CFU/mL and the samples were incubated for another 6 hours in a 5% CO; atmosphere, 37°C.
Four hours before the end of incubation, in all experimental groups, Brefeldin A (1 upg/ml)
(eBiociensce, San Diego, CA, USA) was added to the tubes.

At the end of the treatments, the blood was transferred to 50mL conical tubes and 20mL of
lysis solution (8.26g/L NHA4CI; 1g/L KHCO3; 37.2mg/L Na2EDTA) were added to each 1mL of
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bloodto lyse the red blood cells. The samples were incubated for 15 minutes at room temperature,
protected from light, with gentle agitation and then centrifuged at 600g for 10 minutes at 4°C. The
supernatant was discarded and the cells washed twice with phosphate-buffered saline (PBS) by
centrifugation. Cells were resuspended in PBS and distributed into wells of 96-well U-bottom plates
for immunofluorescence reactions. Cells were added to each well in proportion to the volume of
400pL of blood.

Two experimental groups were established: cells stimulated or not with Aa. In each group, the
effect of Ale on the expression of the markers was evaluated, thus obtaining four experimental
conditions: Control (RPMI); Ale (1% Sodium Alendronate); Aa (A.actinomycetemcomitans); Ale + Aa

(Sodium Alendronate + A. actinomycetemcomitans).

Assessment of cell viability

To assess cell viability after each treatment, Live/Dead (bv421) (Thermo Fisher Scientific,
Waltham, MA, USA) was added to the cells along with anti-CD14 (FITC, clone M5E2, BioLegend)
and anti-CD66b (PE, clone G10F5, BioLegend) monoclonal antibodies for phenotypic identification
of monocytes and granulocytes, respectively. After 30 minutes of incubation at 4°C, the cells were
washed with PBS 0.5% fetal bovine serum (SFB), fixed with 2% formaldehyde in PBS for 15 minutes
at room temperature, washed with PBS and kept at 4°C until acquisition of 100,000 events per tube on

the FACSCanto Il flow cytometer (Becton Dickinson, New Jersey, USA).

Evaluation of reactive oxygen species

To measure the production of reactive oxygen species, especially hydrogen peroxide, cells
were centrifuged at 600g for 10 minutes at 4°C, washed twice with PBS and incubated with anti-CD14
antibody (FITC, clone M5E2, BioLegend), anti-CD66b antibody (PE, clone G10F5, BioLegend),
dihydrorodamine 123 (DHR123) (Life Technologies, Molecular Probes, Oregon, USA) and Live/Dead
(bv421) (Thermo Fisher Scientific, Waltham, MA, USA), for 30 minutes at 4°C. Then, the cells were
washed with PBS 0.5% fetal bovine serum (FBS), fixed with 2% formaldehyde in PBS for 15 minutes
at room temperature, washed with PBS and kept at 4°C, until acquisition of 100,000 events per tube in

the FACSCanto Il flow cytometer (Becton Dickinson, New Jersey, USA).

Immunofluorescence reactions for TLR and cytokine labeling

Cells were incubated for 30 minutes at 4°C with Live/Dead (bv421) (Thermo Fisher Scientific,
Waltham, MA, USA) and anti-CD14 (FITC or APC, clone M5E2, BioLegend), anti-CD66b (PE, clone
G10F5, BiolLegend), anti-TLR2 (FITC, clone TL2.1, BiolLegend) and anti-TLR4 (APC, clone
HTAL125, BioLegend) monoclonal antibodies. Then, the cells were washed with PBS 0.5% fetal
bovine serum (FBS), fixed with 2% formaldehyde in PBS for 15 minutes at room temperature, and

washed again with PBS. For intracytoplasmic labeling, cells were permeabilized with 0.5% saponin
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(Sigma-Aldrich, St. Louis, MO, USA) and incubated with anti-IL-1p (ALEXA FLUOR 647, clone
JK1B-1, BioLegend), anti-IL-8 (PerCP-Cy5, clone BH0814, BiolLegend), anti-IL-10 (PE/Cy7, Clone
JES3-19F1, BioLegend), anti-TNF (PE/Cy7, clone MAb11, Biolegend) and LAP (TGF-B1) (PE/Cy7,
clone TW4-2F8, BioLegend) monoclonal antibodies for 30 minutes at room temperature. After
washing with 0.5% saponin and PBS, the cells were analyzed in a FACSCanto Il flow cytometer
(Becton Dickinson, New Jersey, USA), with acquisition of 100,000 events per tube. Unlabeled cells
and isotype controls conjugated to the fluorochromes FITC, PE, PE/Cy7, APC, ALEXA FLUOR 647

and PerCP-Cy5 were added to all experiments.

Cytometric analyzes

FlowJo X software (Tree Star Inc., USA) was used for cytometric analysis. Considering the
viable cells by Live/Dead staining, CD66b positive (granulocytes) and negative cells were selected.
Within the CD66b negative population, the CD14* population (monocytes) was selected (Fig. 1).
Within the granulocyte (CD66b*) and monocyte (CD14+) populations, the percentages of positive
cells and the median fluorescence intensity (MFI) for DHR123, TLR2, TLR4, IL-1p, IL-8, TNF, IL-10
and TGF-plwere quantified. To analyze the cell viability of granulocytes and monocytes, CD66b*or
CD14* populations were initially selected and within each of these populations the percentages of

positive cells for Live/Dead were quantified.

Statistical analysis

The Kolmogorov-smirnov normality test was used to verify data distribution. To verify the
existence of differences in the expression of markers between the control group and the group
stimulated with Aa and between the groups treated or not with Ale, the paired Student's t test was
used, with a significance level of 5%. Analyzes were performed using GraphPad Prism 5.01 software
(GraphPad Software, San Diego, California, USA).

RESULTS
Cell viability analysis of granulocytes and monocytes in different treatments

Cell viability analysis by Live/Dead staining showed that 1% Ale was not able to significantly
affect the viability of human granulocytes and monocytes (Fig. 2). Stimulation with Aa significantly
reduced the viability of CD66b* granulocytes, but prior exposure of these cells to Ale reversed this
effect (Fig. 2A). Considering the population of CD14* monocytes, stimulation with Aa also reduced
cell viability and previous exposure of these cells to Ale was able to further reduce cell viability (Fig.
2).
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Effect of Ale on CD66b expression and production of reactive oxygen species by granulocytes

Analysis of CD66b expression showed that Ale significantly reduced the MFI of this molecule
in the granulocyte population (Fig. 3A). Stimulation with Aa significantly increased CD66b MFIwhen
compared to the control group (Fig. 3A). However, prior exposure to Ale significantly reduced CD66b
MFI in Aa-stimulated granulocytes, reversing the effect of bacteria (Fig. 3A).

Analysis of the production of reactive oxygen species, especially hydrogen peroxide, by
labeling with dihydrorhodaminel23 (DHR123), showed that exposure to Ale reduced the frequency of
positive cells and DHR123 MFI in granulocytes (Fig. 3B and C). Stimulation with Aa increased the
frequency of DHR123* cells, but reduced the MFI of this molecule in granulocytes (Fig. 3B and C).
Exposure to Ale significantly reduced the frequency of DHR123* cells in the Aa-stimulated

granulocytes, reversing the stimulatory effect of bacteria (Fig. 3B).

Effect of Ale on TLR2 and TLR4 expression by granulocytes

Treatment with Ale significantly reduced the frequencies of TLR4* cell and the MFI of these
molecule in CD66b* granulocytes (Fig. 3F and G), although it did not significantly affect TLR2
expression in this cell population (Fig. 3D and E). Stimulation with Aa reduced the frequency of
TLR2* cells (Fig. 3D), but increased the MFI of TLR2 and TLR4 in the CD66b* population (Fig. 3E
and G). Considering Aa-stimulated cells, the treatment with Ale increased the frequencies of TLR2*
and TLR4* cells, but reduced the MFI of TLR2 in granulocytes (Fig. 3D, E and F).

Effect of Ale on cytokine expression by granulocytes

Analysis of cytokine production showed that exposure to Ale significantly reduced the MFI of
IL-8 and TNF (Fig. 4D and F) and the frequency of IL-10* cells (Fig. 4G) in the CD66b* granulocyte
population.

In the CD66b* granulocyte population, stimulation with Aa significantly increased the
frequencies of IL-1p and IL-8 producing cells (Fig. 4 A and C), as well as the MFI of IL-8 (Fig. 4D),
but reduced the frequencies of TNF* and IL-10* cells (Fig. 4E and G). Considering the cells stimulated
with Aa, exposure to Ale reduced the MFI of IL-8 (Fig. 4D) and increased the frequencies of TNF*
and IL-10* cells (Fig. 4E and G), reversing the effects of the bacteria on the expression of these

cytokines in the population of CD66b* granulocytes.

Effect of Ale on the production of reactive oxygen species by monocytes

Exposure to Ale did not significantly alter the expression of DHR123 in CD14* monocytes not
stimulated with Aa(Fig. 5A and B).

Stimulation with Aa significantly increased the frequency of DHR123 positive cells in the

CD14* monocyte population (Fig. 5A). Considering Aa-stimulated cells, exposure to Ale significantly
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reduced the frequency of DHR123* cells (Fig. 5A), reversing the effect of the bacteria on the

production of reactive oxygen intermediates by the CD66b* granulocyte population.

Effect of Ale on TLR2 and TLR4 expression by monocytes

Exposure to Ale significantly reduced the frequencies of TLR4* cells (Fig. 5E) and the MFI of
TLR2 and TLR4 (Fig. 5D and F) in CD14* monocytes not stimulated with Aa.

Stimulation with Aa significantly reduced the frequency of TLR2* cells and the MFI of this
molecule (Fig. 5C and D), as well as the frequency of TLR4* cells (Fig. 5E) in the CD14* monocyte
population. Considering Aa-stimulated CD14* monocytes, exposure to Ale significantly reduced the
frequencies of TLR4* cells (Fig. 5E).

Effect of Ale on cytokine expression by monocytes

Analysis of cytokine production in CD14* monocyte not stimulated with bacteria showed that
exposure to Ale significantly reduced the frequencies of IL-1p, IL-8, TNF, IL-10 and TGF-p1
producing cells (Fig. 6A,C, E, G and I), as well as the MFI of IL-8 and TGF-B1 (Fig. 6F and J).

Stimulation with Aa significantly increased the frequencies of positive cells and the MFI of
the cytokines IL-1p, IL-8, TNF and IL-10 (Fig. 6A to F), but reduced the frequency of positive cells
and the MFI of TGF-B1 (Fig. 61 and J) in the CD14* monocyte population. Considering Aa-stimulated
cells, exposure to Ale reduced the MFI of IL-1pB, IL-8 and TNF (Fig. 6B, D and F) and also reduced
the frequencies of TNF* and IL-10* cells (Fig. 6E and G), partially reversing the effects of the bacteria

on the expression of these cytokines in the population of CD14* monocytes.

DISCUSSION

Topical application of bisphosphonates to periodontal sites as an adjunct to periodontal
treatment has shown satisfactory clinical results. Topical use of 1% sodium alendronate gel in non-
surgical periodontal treatment has shown improvement in the clinical parameters, in terms of bleeding
on probing, clinical attachment loss and probing depth.'® Bisphosphonates act directly on monocytes
and macrophages, reducing survival, inducing morphological changes, impairing the differentiation of
monocytes into macrophages and affecting macrophage function.**Previous studies have shown that
macrophage viability was affected by alendronate at a concentration of 100uM, while at low doses of
1 to 10uM, a stimulatory effect was observed, with increased expression of matrix metalloproteinases
by macrophages.*?

Studies have shown that bisphosphonates are endocytosed by phagocytic cells, affecting the
activity of these cells. In the present study, the cytotoxicity in granulocytes and monocytes of sodium
alendronate (Ale) concentration used topically in periodontal treatment was evaluated. Cytometric
analyzes showed that 1% alendronate did not significantly affect the viability of human granulocytes

and monocytes in short-term culture.Stimulation of leukocytes with A. actinomycetemcomitans (Aa)
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reduced the viability of granulocytes and monocytes, confirming the pathogenicity of Aa demonstrated
in previous studies. The production of leukotoxins, such as protein exotoxins and CDT, represents an
important virulence factor of Aa in periodontal disease, significantly affecting the viability and activity
of immunocompetent cells in periodontal tissues.'® Exposure to Ale in Aa-stimulated cells significantly
increased granulocyte cell viability, while in monocytes, it caused an even greater reduction in cell
viability. Previous studies have shown that the effects of bisphosphonates on phagocytes depend on
drug concentration. In this context, it is important to emphasize that in vivo, the presence of crevicular
fluid and saliva, acting on periodontal sites, can elute bisphosphonates applied in gel form and reduce
the bioavailability of these drugs to cells present in tissues. Furthermore, the molecular mechanisms by
which Ale acts on phagocytes stimulated by bacterial products have not yet been established. It is
possible that different signaling pathways activated by Aa products in granulocytes and monocytes are
affected differently by Ale, which would explain the different effects of this bisphosphonate on the
viability of these cell populations.

The CD66b molecule, expressed on the surface of granulocytes, plays a role in cell adhesion,
chemotaxis and binding to microbial products, and the intensity of its expression is related to the level
of neutrophil activation.” In the present study, stimulation of granulocytes with Aa significantly
increased CD66b expression. Exposure to Ale reduced the MFI of CD66b in both Aa-stimulated and
not stimulated cells, reversing the bacterial effect on cells. These data suggest an inhibitory effect on
granulocyte activation performed by Ale.

The results obtained in the analysis of the expression of DHR123, a marker of the production
of reactive oxygen intermediates, especially hydrogen peroxide, corroborate the findings observed in
the expression of CD66b. While stimulation with Aa significantly increased the frequency of
DHR123* cells, treatment with Ale reduced the expression of this marker, both in Aa-stimulated or not
stimulated granulocytes. Aa infection stimulates leukocytes to produce reactive oxygen intermediates,
molecules involved in the microbicidal activity of phagocytes.'® Inhibition of the production of
reactive oxygen intermediates by Ale may represent an unfavorable local effect of bisphosphonate in
the fight against to periodontopathogenic bacteria by neutrophils. Studies on the microbicidal capacity
of neutrophils treated with Ale are needed to elucidate the local effects of the application of this
bisphosphonate on periodontal sites during periodontal therapy.

Analysis of toll-like receptors (TLRs) expression showed that Ale reversed the effects of Aa
stimulation on TLR2 expression by granulocytes. While Aa reduced the frequency of TLR2* cells and
increased the MFI of this molecule, exposure to Ale increased the frequency of positive cells and
reduced the MFI of TLR2 in Aa-stimulated granulocytes. While Ale reduced the expression of TLR4
in granulocytes not stimulated with Aa, in Aa-stimulated cells Ale increased the expression of this
receptor. TLRs consist of receptors of molecular patterns associated with pathogens, which are
expressed in leukocytes and activate intracellular signaling pathways involved in the production of

various cytokines and stimulation of inflammatory responses.*® It has been shown that the binding of
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microbial products from Aa to TLR4 is important for the generation of reactive oxygen intermediates
and, consequently, for the microbicidal activity of neutrophils.?’ The binding of microbial molecules to
TLR2 induces the production of pro-inflammatory cytokines, but also of cytokine with anti-
inflammatory activity, such as 1L-10.2* A previous study showed that the expression of TLR2 and
TLR4 by Aa-stimulated leukocytes varies according to time, with a significant increase in the first
three hours, followed by a reduction in expression.?? The production of inflammatory cytokines
induced by the binding of bacterial LPS to TLR4 contributes to tissue destruction in periodontal
disease.?! Furthermore, intensities of expression of TLR2 in granulocytes were higher in patients with
active periodontal disease when compared with individuals with periodontal health.?® The modulation
of TLRs expression by Ale on the surface of granulocytes could interfere in the processes of
recognition of periodontopathogen products and in the activity of immunocompetent cells in the
periodontal tissues.

In the present study, Ale treatment reduced the expression of IL-8, TNF and IL-10 by
granulocytes not stimulated with Aa. TNF is one of the main pro-inflammatory cytokines, stimulating
the expression of adhesion molecules in the vascular endothelium, the production of chemokines, the
activation of leukocytes and the microbicidal activity of phagocytes.?* IL-8 is a pro-inflammatory
chemokine responsible for the recruitment of neutrophils to sites of infection. Another important role
of IL-8 is the ability to stimulate the production of reactive oxygen intermediates, potentiating the
microbicidal activity of neutrophils. The inhibition caused by alendronate of the expression of these
important cytokines involved in periodontal disease may reinforce the inhibitory effect of alendronate
on unstimulated granulocytes, corroborating the results obtained in relation to the expression of
CD66b, DHR123 and TLR4. IL-10 is a cytokine with anti-inflammatory action, inhibiting the
expression of several pro-inflammatory cytokines, such as IL-1, IL-6, IL-8, IL-12 and TNF, the
expression of costimulatory molecules in cells presenting antigens and phagocyte activity.?® The
reduction in the expression of pro- and anti-inflammatory cytokines by Ale may represent an
inhibitory effect on granulocyte activity. Although the inhibition of neutrophil activity by alendronate
may contribute to the reduction of the periodontal inflammatory process, the activity of these cells is
fundamental in the fight against periodontopathogenic bacteria. Thus, the significant reduction of
bacterial colonization in periodontal tissues by supportive periodontal therapy would be an important
condition for the use of Ale as an adjuvant in the treatment.

In the present study, stimulation with A. actinomycetemcomitans modulated the expression of
both pro- and anti-inflammatory cytokines by granulocytes. Previous studies have shown the effect of
this periodontopathogen on cytokine production in patients with periodontitis and the importance of
cytokines in microbial combat.'® Treatment with Ale reversed the effects of Aa on the expression of
IL-8, TNF and IL-10 cytokines by granulocytes, suggesting the ability to modulate the

immunoinflammatory response by alendronate in periodontal tissues. Studies have shown the
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immunomodulatory effect of alendronate in an experimental model, with a reduction in
myeloperoxidase activity and neutrophil recruitment in periodontal tissues.?®

Analysis of the monocyte population showed that treatment with Ale reduced the expression
of DHR123 in cells stimulated with Aa, suggesting the potential of alendronate to inhibit the
production of ROS, important molecules in the microbicidal activity against periodontopathogenic
bacteria.

TLR2 and TLR4 expression was significantly reduced by alendronate treatment in
unstimulated monocytes. In cells stimulated with Aa, Ale reduced the expression of TLR4. The early
encounter of monocytes with TLR agonists can result in differentiation in the macrophage lineage,
being important for the fight against bacteria.?” The presence of a balance between activation and
inactivation of these receptors was shown to be necessary to avoid an excessive inflammatory or
immune response, as occurs in chronic inflammatory diseases.?® TLRs proved to be important in the
study cited for their regulation to maintain a balance between health and disease, from intra and
extracellular regulatory receptors. The expression of these receptors can also be negatively modulated
by the cellular activation state. Our data suggest that alendronate may reduce the recognition of
microbial products via TLR by monocytes in periodontal tissues, which would reduce cytokine
production. Thus, this reduction would contribute to the reduction of inflammation in periodontal
tissues. Exposure of bacterial-stimulated cells to alendronate further reduced the expression of TLRA4.
Other study?® demonstrated that TLR signaling regulates macrophage cytokine production in response
to A. actinomycetemcomitans, corroborating our results.

When we analyzed the production of cytokines considering the population of monocytes not
stimulated with bacteria, alendronate inhibited the expression of all evaluated cytokines IL-1p, IL-8,
IL-10, TNF, TGF-B1, suggesting an inhibitory effect of alendronate on human monocytes, with the
effect previously observed in TLR being similar. It is not yet known whether there is a direct effect of
alendronate on the intracellular signaling pathways involved in cytokine production. In contrast, the
stimulation of monocytes with Aa increased in the expression of IL-1p, IL-8, TNF and IL-10. It has
been shown that Aa stimulates the production of TNF, IL-1p and IL-8 by monocytes after 6h of
bacterial challenge®. Interestingly, exposure to Aa significantly reduced TGF-B1 expression in
monocytes in the present study. TGF-f is a growth factor involved in inhibiting inflammation and
stimulating tissue repair in fibrous connective tissue, as seen in other studies !. Treatment with Ale
reduced both the production of pro-inflammatory and anti-inflammatory cytokines by Aa-stimulated
monocytes, indicating an inhibitory effect on the activity of these cells in response to
periodontopathogen products.

The data obtained in this study showed that alendronate inhibits the expression of several
molecules involved in the activity of human granulocytes and monocytes. This suggests that
alendronate has clinically an effect of inhibiting the activation of the inflammatory process,

contributing to the reduction of the destruction process of the periodontal tissue structures and
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consequent improvement of the periodontal clinical parameters observed in different studies already

published in the literature.
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Figure 1 - Representative dot plot graphs showing the strategy of analysis and the selection of
phenotypically identified granulocyte (CD66b*) and monocyte (CD14*)populations.
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Figure 2 — Granulocyte (CD66b*) and monocyte (CD14*) viability assessed by Live and Dead method
after experimental conditions. Results expressed as percentage of viable cells for Live and Dead
method. Data from 10 donors are shown. Ale: sodium alendronate; Aa: A.
actinomycetemcomitans.Error bars indicate standard deviation.

* represents a significant difference (p<0.05) between the control group and the group stimulated with
Aa (t test); connecting lines represent significant differences (p<0.05) between the groups treated and
not treated with Ale (t test).
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Figure 3 - The effect of sodium alendronate on the frequencies of positive cells and median
fluorescence intensity (MFI) of CD66b, DHR123, TLR2 and TLR4 in CD66b* granulocytes stimulated
or not withA. actinomycetemcomitans. Ale: sodium alendronate; Aa: A. actinomycetemcomitans. Error
bars indicate standard deviation. Data from 10 donors are shown.

*represents a significant difference (p<0.05) between the control group and cells stimulated with Aa (t
test); connecting lines represent significant differences (p<0.05) between the groups treated or not
treated with Ale (t test).
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Figure 4 - The effect of sodium alendronate on the frequencies of positive cells and median
fluorescence intensity (MFI) of cytokines in CD66b* granulocytes stimulated or not with A.
actinomycetemcomitans. Ale: sodium alendronate; Aa: A. actinomycetemcomitans. Error bars indicate
standard deviation. Data from 10 donors are shown.

* represents a significant difference (p<0.05) between the control group and cells stimulated with Aa (t
test); connecting lines represent significant differences (p<0.05) between the groups treated or not
treated with Ale (t test).
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Figure 5 - The effect of sodium alendronate on the frequencies of positive cells and median
fluorescence intensity (MFI) of DHR123, TLR2 and TLR4 in CD14* monocytes stimulated or not
with A. actinomycetemcomitans. Ale: sodium alendronate; Aa: A. actinomycetemcomitans. Error bars
indicate standard deviation. Data from 10 donors are shown.

* represents a significant difference (p<0.05) between the control group and cells stimulated with Aa (t
test); connecting lines represent significant differences (p<0.05) between the groups treated or not
treated with Ale (t test).
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Figure 6 - The effect of sodium alendronate on the frequencies of positive cells and median
fluorescence intensity (MFI) of cytokines in CD14* monocytes stimulated or not with A.
actinomycetemcomitans. Ale: sodium alendronate; Aa: A. actinomycetemcomitans. Error bars indicate
standard deviation. Data from 10 donors are shown.

* represents a significant difference (p<0.05) between the control group and cells stimulated with Aa (t

test); connecting lines represent significant differences (p<0.05) between the groups treated or not
treated with Ale (t test).
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4 CONSIDERACOES FINAIS

Embora o presente estudo in vitro ndo consiga reproduzir todos os componentes
presentes no microambiente periodontal, os resultados mostraram efeitos do alendronato de
sodio em células que participam ativamente dos processos imunoinflamat6rios nos tecidos
periodontais.

As tabelas 1 e 2 sumarizam os efeitos do alendronato de so6dio na expressao dos
marcadores avaliados em granuldcitos e mondcitos, respectivamente. Em ambas as tabelas séo

apresentados os resultados para células estimuladas ou ndo com Aa.

Tabela 1: Efeito do alendronato de sddio na expressdo dos marcadores por granulocitos

humanos estimulados ou ndo com Aa

Células ndo estimuladas Células estimuladas

com Aa com Aa
CD66b | MIF CD66b | MIF CD66b
DHR123 | % e MIF DHR123 | % DHR123
1% TLR2 e TLR4
TLR | % e MIF TLR4 | MIF TLR2
| MIF IL-8 | MIF IL-8
Citocinas | MIF TNF 1 % TNF
| % IL-10 1% IL-10

Fonte: Elaborado pelo autor
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Tabela 2: Efeito do alendronato de sddio na expressao dos marcadores por mondcitos

humanos estimulados ou ndo com Aa

Células ndo Células
estimuladas com Aa estimuladas com Aa
DHR123 - | % DHR123
| MIF TLR2
TLR | % e MIF TLR4 | % TLR4
1 % IL-1B | MIF IL-1p
1 % IL-8 | MIF IL-8
Citocinas | % e MIF TNF | % e MIF TNF
| % 1L-10 | %1IL-10

| % e MIF TGF-p1

Fonte: Elaborado pelo autor

Os dados deste estudo mostraram que concentracGes elevadas de alendronato de sédio
utilizadas de forma tdépica como adjuvante no tratamento periodontal afetam
significativamente a expressdo de diversas moléculas envolvidas no processo
imunionflamatdrio, relacionadas ao combate microbiano e a destruicdo dos tecidos
periodontais. Estudos clinicos e em modelos experimentais sdo necessarios para confirmar os

efeitos do alendronato na atividade celular durante o tratamento periodontal.
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PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA
Titulo da Pesquisa: Efeito de bisfosfonatos na atividade de leucécitos humanos estimulados por
periodontopatégenos
Pesquisador: Paulo Eduardo Alencar de Souza
Area Tematica:
Versdo: 1
CAAE: 61550216.0.0000.5137
Instituicdo Proponente: Pontificia Universidade Catdlica de Minas Gerais - PUCMG
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 1.866.655

Apresentacédo do Projeto:

Embora os principais alvos farmacolégicos dos bisfosfonatos sejam os osteoclastos, com consequente
inibicdo da reabsorgdo O0ssea, outras células podem ser afetadas por essas drogas. A utilizagdo de
bisfosfonatos pode afetar as respostas biol6gicas nos tecidos periodontais e periimplantares relacionadas a
doenga periodontal e periimplantite. Serdo coletados 20 mL de sangue de 20 doadores saudaveis (realizada
por uma enfermeira). Os leucdcitos serdo incubados com bisfosfonatos nitrogenados e bisfosfonatos nao
nitrogenados em diferentes concentragdes para se determinar a curva de citotoxicidade.

Objetivo da Pesquisa:

Avaliar o efeito de diferentes tipos de bisfosfonatos na expressdo de citocinas e moléculas de superficie por
leucdcitos humanos estimuladas ou ndo por periodontopatégenos.

Avaliagao dos Riscos e Beneficios:

Riscos: E possivel que durante a coleta de sangue o individuo sinta pequeno desconforto. Posteriormente, é
possivel que ocorra um hematoma na area, o que € minimizado por meio de compressdo com dedo no local.

Beneficios: Ndo havera beneficios diretos aos individuos participantes. Os resultados obtidos e
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analisados em conjunto poderdo contribuir para conhecimento sobre os efeitos dos bisfosfonatos nos

processos imunoinflamatérios relacionados a doenga periodontal e periimplantite.

Comentarios e Consideragoes sobre a Pesquisa:
Relevante.

Consideragoes sobre os Termos de apresentacgao obrigatoria:

Os termos de apresentacao obrigatdria foram anexados e estdo de acordo com as normas vigentes.

Conclusodes ou Pendéncias e Lista de Inadequacgdes:
Sem pendéncias.

Consideracdes Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacédo
Informagdes Basicas| PB_INFORMACOES_BASICAS_DO_P | 01/11/2016 Aceito
do Projeto ROJETO_818066.pdf 10:11:09
Folha de Rosto folha_rosto_assinada.pdf 01/11/2016 |Paulo Eduardo Aceito

10:09:37 | Alencar de Souza
TCLE / Termos de | TCLE_bisfosfonatos.doc 30/10/2016 |Paulo Eduardo Aceito
Assentimento / 01:16:43 |Alencar de Souza
Justificativa de
Auséncia
Projeto Detalhado / | Projeto_bisfosfonatos_CEP.doc 30/10/2016 |Paulo Eduardo Aceito
Brochura 01:11:34 | Alencar de Souza
Investigador

Situacao do Parecer:
Aprovado

Necessita Apreciacao da CONEP:
Nao
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