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RESUMO

O é&cido hialurdnico (AH) é um importante componente da matriz extracelular que tem sido
utilizado, em sua forma sintética, como tratamento em diversas areas da saude. Varios estudos
mostraram que o AH interfere em processos biologicos como inflamacdo, angiogénese,
diferenciacdo celular e reparo tecidual. Esses efeitos dependem do peso molecular do AH,
pois moléculas de baixo peso estimulam a inflamag&o e a angiogénese, enquanto as de alto
peso estimulam processos de reparo tecidual. Embora estudos mostrem resultados clinicos
satisfatorios do uso do AH como adjuvante no tratamento da gengivite e da doenca
periodontal, seu efeito nas caracteristicas fenotipicas e funcionais de células
imunocompetentes estimuladas por produtos de periodontopatogenos ainda ndo foi avaliado.
O objetivo desse trabalho foi avaliar o efeito do AH de alto (AHA) e de baixo (AHB) peso
molecular na expressao de moléculas de superficie e na producdo de citocinas por mondcitos
humanos estimulados in vitro por Porphyromonas gingivalis. Para isso, células
mononucleares de sangue periférico de dez individuos foram estimuladas com P. gingivalis
(Pg) e em seguida incubadas com AH de alto ou de baixo peso molecular a 0,2%. Por meio de
reagBes de imunofluorescéncia e citometria de fluxo foi avaliada a expressdo das moléculas
CDA40, CD80, CD86, HLA-DR, TLR2 e TLR4, bem como das citocinas IL-1p, IL-6, IL-10,
IL-12 e TNF-o por monécitos CD14" e por subpopulages de mondcitos identificadas pela
expressdo de CD16 (classicos: CD14"CD16 e intermediarios: CD14°CD16%). As frequéncias
de celulas imunomarcadas e a intensidade de expressdo das moléculas foram comparadas por
meio do teste ANOVA um critério com repeticdo, com nivel de significancia de 5%. Nas
células ndo estimuladas com Pg, AHA e AHB aumentaram a expressao de TLR2 em todas as
populacdes de mondcitos e reduziram a expressio de TLR4 nas populaces CD14" e
CD14'CD16". As frequencias de mondcitos intermediarios CD80* e HLA-DR™ foram maiores
nos grupos tratados com AHA do que com AHB. As frequencias de mondcitos totais IL-1p" e
de mondcitos classicos IL-1p* e TNF-a* também foram maiores no grupo AHA quando
comparado ao AHB. Nas células estimuladas com Pg, AHA e AHB aumentaram a expressao
de TLR2 nos mondcitos CD14" e nos mondcitos classicos. Apenas AHA aumentou expressio
de CD40, HLA-DR e TLR2 na populagdo intermediaria. Comparando os tipos de AH nas
células estimuladas com Pg, mondcitos intermediarios incubados com AHA exibiram maior
expressdao de CD40 e de HLA-DR que aqueles incubados com AHB. A adicdo de AHA ou
AHB ndo afetou significativamente a expressdo das citocinas avaliadas nas células
estimuladas com Pg. Esses dados sugerem que subpopula¢ées monociticas sao diferentemente
afetadas pelo AH e que, principalmente, o0 AH de alto peso é capaz de aumentar a atividade de
monacitos intermediarios estimulados com Pg pela expressdo de TLR2, CD40 e HLA-DR. O
efeito antiinflamatdrio do AH observado clinicamente nos tecidos periodontais parece ndo ser
por agdo modulatoria de células imunocompetentes estimuladas por P. gingivalis.

Palavras-chave: Acido hialurdnico. Mondcitos. Porphyromonas gingivalis. Citocinas.
Moléculas co-estimulatorias.



ABSTRACT

Hyaluronic acid (HA) is an important component of the extracellular matrix that has used, in
its synthetic form, as a treatment in several health areas. Studies have shown that HA
interferes with biological processes such as inflammation, angiogenesis, cell differentiation
and tissue repair. These effects depends on the molecular weight of HA because low-
molecular-weight molecules stimulate inflammation and angiogenesis, while the high-weight
molecules stimulate tissue repair processes. Although studies have shown satisfactory clinical
results of the use of HA as adjuvant in the treatment of gingivitis and periodontal disease, its
effect on the phenotypic and functional characteristics of immunocompetent cells stimulated
by periodontopathogens products has not yet evaluated. The aim of this work was to evaluate
the effect of high (HAH) and low (HAL) molecular weight on surface molecule expression
and cytokine production by human monocytes stimulated in vitro by Porphyromonas
gingivalis. For this, peripheral blood mononuclear cells from ten donors were stimulated with
P. gingivalis (Pg) and then incubated with high or low molecular weight HA at 0.2%. The
expression of the CD40, CD80, CD86, HLA-DR, TLR2 and TLR4 molecules, as well as the
IL-1B, IL-6, IL-10, IL-12 cytokines were evaluated by means of immunofluorescence and
flow cytometry reactions and TNF-o by CD14" monocytes and subpopulations of monocytes
identified by CD16 expression (classical: CD14"CD16™ and intermediates: CD14°CD16").
The immunoblotted cell frequencies and the expression intensity of the molecules were
compared by means of the ANOVA test with a repeating criterion, with a significance level of
5%. In cells not stimulated with Pg, HAH and HAL increased TLR2 expression in all
monocyte populations and reduced TLR4 expression in the CD14" and CD14'CD16
populations. The frequencies of CD80" and HLA-DR" intermediate monocytes were higher in
the HAH-treated than in the HAL-treated groups. The frequencies of total IL-18* monocytes
and of classical IL-1p" and TNF-a monocytes were also higher in the HAH group when
compared to HAL. In cells stimulated with Pg, HAH and HAL increased TLR2 expression in
CD14" monocytes and classical monocytes. Only HAH increased expression of CD40, HLA-
DR and TLR2 in the intermediate population. Comparing the types of HA in the Pg-
stimulated cells, intermediate monocytes incubated with HAH exhibited higher CD40 and
HLA-DR expression than those incubated with HAL. The addition of HAH or HAL did not
significantly affect the expression of the cytokines evaluated in the cells stimulated with Pg.
These data suggest that monocytic subpopulations are differentially affected by HA and that,
mainly, high-weight HA is able to increase the activity of Pg-stimulated intermediate
monocytes by the expression of TLR2, CD40 and HLA-DR. The antiinflammatory effect of
HA observed clinically in periodontal tissues does not appear to be by the modulatory action
of immunocompetent cells stimulated by P. gingivalis.

Keywords: Hyaluronic acid. Monocytes. Porphyromonas gingivalis. Cytokines. Co-
stimulatory molecules.



LISTA DE ABREVIATURAS E SIGLAS

AH Acido Hialurénico

AHA Acido hialurénico de alto peso molecular

AHB Acido hialurénico de baixo peso molecular
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BHI Brain Heart Infusion Broth
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DCs Células dendriticas
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MOI multiplicity of infection
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Pg Porphyromonas gingivalis

Pg-LPS LPS derivado de Porphyromonas gingivalis
RPMI Roswell Park Memorial Institute

RHAMM receptor for hyaluronan-mediated motility expressed protein
SOCS supressor of cytokine signaling

TCR Receptores de células T

TGF-p Fator de crescimento transformante-beta

TLRs toll like receptors

TNF-a Fator de necrose tumoral-alfa

UFC Unidades formadoras de colonia

VCAM-1 vascular cell adhesion molecule-1

VEGF Fator de crescimento endotelial vascular

VLA-4 Integrina alfa-4 beta-1
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1 INTRODUCAO

O é&cido hialurdnico (AH) é um glicosaminoglicano presente na matriz extracelular
que desempenha um papel fundamental no desenvolvimento embrionario e reparacéo tecidual
pos-inflamacdo, tornando a migracdo e a diferenciagdo celular mais faceis por meio de
sinalizacdo celular e interacdo com fatores de crescimento presentes no intersticio (BANSAL,;
KEDIGE; ANAND, 2010; TOOLE, 2001). Suas moléculas podem ser de baixo peso
molecular ou de alto peso molecular apresentando efeitos antag6nicos. As moléculas de alto
peso molecular, tm funcdo de preenchimento tecidual e exibem agdo imunossupressora
(DICKER et al., 2014), além de inibir a proliferacdo e migracdo de células endoteliais,
dificultando assim a angiogénese. Uma das caracteristicas do AH de baixo peso molecular é o
seu marcante efeito angiogénico (DEED et al., 1997).

Vaérias células possuem receptores especificos para o AH, sendo o CD44 o mais
importante (BANSAL; KEDIGE; ANAND, 2010). Entretanto, o AH também é capaz de
interagir com os TLRs (toll like receptors) (JIANG et al., 2007), mascarando esse receptor, 0
que poderia dificultar a ligacdo de lipopolissacarideos (LPS), modulando assim a resposta
inflamat6ria (CAMPO et al., 2012).

A utilizacdo do AH no tratamento de processos inflamatdrios é bem estabelecida em
areas médicas tais como Ortopedia, Dermatologia e Oftalmologia (BANSAL; KEDIGE;
ANAND, 2010). Na Odontologia, 0 AH mostrou efeito anti-inflamatorio, antibacteriano e de
inibicdo do edema no tratamento da gengivite (JENTSCH et al., 2003). O mecanismo de a¢do
do AH sobre as bactérias ainda é incerto. Provavelmente o hialurano inativa a hialuronidase,
produzida pelas bactérias presentes na doenca periodontal, auxiliando na prevencdo do
aumento dessas bactérias e de uma maior destruicdo dos tecidos periodontais (AL-BAYATY
et al., 2011). Foi proposto também que o efeito anti-inflamatorio poderia ser devido a acédo do
AH como um eliminador de prostaglandinas, metaloproteinases e outras moléculas bio-ativas
presentes no intersticio (LAURENT; LAURENT; FRASER, 1995). A utilizacdo clinica do
AH na forma de gel como adjuvante no tratamento da periodontite reduziu a proliferacdo
celular de fibroblastos e linfécitos, diminuiu o processo inflamatorio e propiciou melhora
clinica nos pacientes (MESA et al., 2002). Outro estudo mostrou diminui¢do de sangramento,
reducdo de profundidade a sondagem, reducdo do indice de placa e ganho de inser¢do em
pacientes com doenca periodontal tratados com gel de AH de uso topico (PILLONI et al.,
2011).
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Mondcitos e macrofagos sdo importantes células da resposta imune contra
microrganismos pela atividade fagocitica e microbicida, secrecdo de citocinas e apresentacéo
de antigenos (LE-BARILLEC et al., 2005; RAUPACH; KAUFMANN, 2001). Os mondcitos
possuem caracteristicas peculiares quanto a producao de citocinas, quimiocinas e expressao
de moléculas de ativagdo celular frente a invasdo por agentes patogénicos (GEISSMANN,
JUNG et al., 2003; SERBINA, JIA et al., 2008). Subpopula¢des de mondcitos circulantes que
exibem caracteristicas funcionais distintas foram classificadas com base na expressdo de
marcadores de superficie em: mondcitos classicos (CD14°CD16), intermediarios
(CD14""CD16") e ndo classicos (CD14°CD16"") (ZEIGLER-HEITBROCK, ACUNTA et al.,
2010; ZAWADA et al., 2011).

A expressdo de moléculas co-estimulatérias e a secrecdo de citocinas por células
apresentadoras de antigeno, como as da linhagem monocitica/macrofagica, sdo eventos
importantes nos processos de combate aos microrganismos e de destruicdo tecidual
(GEMMELL et al., 2002). Essas moléculas apresentam papel reconhecido na patogénese da
doenca periodontal (GARLET, 2010; GEMMELL et al.,, 2002; ORIMA et al., 2001). A
resposta imuno-inflamatdria na doenca periodontal é responsavel pelo maior dano causado
aos tecidos periodontais, gerando as alteracdes patoldgicas que caracterizam as manifestacdes
clinicas da doenca (GRAVES, 2008). As citocinas ndo s6 atuam como iniciadoras e
reguladoras da imunidade inata e adaptativa na doenca periodontal, mas também ativam
mecanismos que causam danos teciduais, gerando perda de funcdo e doenca clinica
(GRAVES, 2008).

O AH vem sendo estudado devido ao sucesso em sua aplicacdo clinica no tratamento
da gengivite, periodontite e alteracdes periimplantares, com resultados satisfatérios. Os
estudos apontam que o AH apresenta potencial anti-inflamatério e estimulador do reparo
tecidual em sitios cirdrgicos. Leucdcitos e outros tipos celulares sdo capazes de responder a
ligacdo do AH a moléculas de superficie celular o que pode modular a funcdo dessas células.
Embora estudos clinicos tenham sido realizados, sdo escassos os trabalhos avaliando os
efeitos do AH na modulacdo de células imunocompetentes estimuladas por microrganismos, o
que poderia explicar 0 mecanismo de acdo dessa molécula no tratamento das doengas

inflamatdrias, como as doencas periodontais.
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2 REFERENCIAL TEORICO
2.1 Acido Hialuronico

Descoberto em 1934 por dois cientistas Karl Meyer e John Palmer, ambos da
Universidade de Columbia, Nova York, o &cido hialurénico (AH) foi isolado a partir do
humor vitreo dos olhos de bovinos (VEDAMURTHY, 2004). O AH é um polissacarideo
linear pertencente a um grupo de substancias conhecidas como glicosaminoglicanas presentes
na matriz extracelular, que desempenha um papel fundamental no desenvolvimento
embrionario e reparacdo tecidual pds-inflamacgdo, tornando a migracdo e a diferenciacéo
celular mais faceis, por meio de sinalizacdo celular e interacdo com fatores de crescimento
presentes no intersticio (HORTON et al., 1998; MCKEE et al., 1996). Esta presente no fluido
sinovial, mesénquima embrionario, no humor vitreo, pele, dentre outros 6rgaos e tecidos do
corpo humano (BANSAL; KEDIGE; ANAND, 2010; TOOLE, 2001). Atua na regulacdo da
pressdo osmotica e lubrificacdo tecidual, ajudando a manter a homeostase e integridade
estrutural dos tecidos (BANSAL; KEDIGE; ANAND, 2010; LAURENT; LAURENT,;
FRASER, 1995). A presenca do AH em meio ao codgulo sanguineo favorece a invasao e
colonizagdo deste por células mesenquimais e epiteliais basais, envolvidas no processo de
reparo do tecido danificado (TOOLE, 2001). A concentracdo do AH livre nos tecidos é
relativamente baixa. No entanto, os niveis de AH sdo drasticamente elevados quando réapida
regeneracdo e proliferacdo celulares sdo requeridas, como na resposta a injuria tecidual e
também durante a embriogénese (ASLAN; SIMSEK; DAY, 2006). Além de funcionar como
arcabouco estrutural na matriz extracelular o AH é uma molécula dindmica que influencia o
comportamento celular (revisado por JIANG; LIANG; NOBLE, 2007).

As moléculas do AH podem ser de baixo peso molecular (cerca de 20 kDa) ou de alto
peso molecular (3000-4000 kDa) (SADOWITZ et al., 2012). Oligossacarideos derivados de
AH de alto peso molecular tém func@es distintas das grandes moléculas de AH (WEST et al.,
1985). As moléculas de alto peso molecular, tém funcdo de preenchimento tecidual, exibem
acdo imunossupressora, inibem a proliferacdo e migracéo de células endoteliais, dificultando
assim a angiogénese (DICKER et al., 2014). Além disso, alguns autores sugerem que
promova a quiescéncia celular (SLEVIN et al., 2007). Durante o processo inflamatorio,
moléculas de AH de alto peso molecular (mais de 10° Da) constituintes da matriz extracelular
sdo degradadas pela enzima hialuronidase, gerando fragmentos de baixo peso, os quais
promovem a neoformagédo vascular (BRIGUGLIO et al., 2013; DEED et al., 1997). Termeer
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et al. (2000) demonstraram que AH de baixo peso induz diferenciacdo de monécitos humanos
em células dendriticas com fendtipo maduro. Fieber et al. (2004) mostraram que fragmentos
de AH de baixo peso induzem expressao de MMP-9 e MMP-13 em ceélulas de carcinoma de
pulmdo. Diversos estudos mostraram que formas de baixo peso molecular do AH foram
capazes de induzir respostas inflamatérias em macrofagos inflamatorios, mas ndo em
macrofagos residentes (revisado por JIANG; LIANG; NOBLE, 2007). Essas formas de baixo
peso, mas ndo longas moléculas de AH, séo capazes de estimular a producdo de mediadores
inflamatdrios, como as quimiocinas CCL3, CCL4 e CCL5 em linhagem de macréfagos
alveolares murinos (BECK-SCHIMMER et al., 1998), CCL2 (chemokine C-C motif ligand 2)
também conhecida como MCP-1 (monocyte chemoattractant protein-1), ICAM-1
(intercelular adhesion molecule-1) e VCAM-1 (vascular cell adhesion molecule-1) em
células de epitélio de tabulo renal de camundongos (OERTLI et al., 1998) e IL-1B, TNF-a. e
IL-12 em células dendriticas (TERMMER et al., 2000) . Fragmentos de baixo peso molecular
de AH induzem expressdo de diversos mediadores inflamatérios em macrofagos, como
citocinas, quimiocinas, fatores de crescimento, proteases e 6xido nitrico (revisado por JIANG;
LIANG; NOBLE, 2007). Por outro lado, moléculas de AH de alto peso molecular s&o capazes
de inibir a expressdo de TNF-a, IL-8 e da enzima Oxido nitrico sintase (iNOS) em
sinovidcitos de modelo experimental de osteoartrite murino (WANG et al., 2006).

O AH é capaz de se ligar covalentemente a diferentes receptores de superficie celular,
como CD44, expresso por fibroblastos, neutréfilos, macrofagos e linfécitos, RHAMM
(receptor for hyaluronan-mediated motility expressed protein), LYVE-1(lymphatic vessel
endothelial hyaluran receptor-1) (revisado por JIANG; LIANG; NOBLE, 2007) e HARE
(hyaluronan receptor for endocytosis) (BANSAL; KEDIGE; ANAND, 2010). Ligacdo do AH
ao CD44 ativa diferentes vias de sinalizacdo intracelular e desempenha importante papel na
inflamacdo, ativacdo e recrutamento de linfécitos e crescimento tumoral (LESLEY et al.,
1993).

A estrutura de dissacarideos repetidos do AH apresenta caracteristicas de padrdes
moleculares associados a patdgenos (PAMPSs) e estudos mostraram que fragmentos de AH
induzem expressdo de genes de quimiocinas de modo dependente de TLR2, TLR4 e da
molécula MyD88, em macrofagos peritoneais de camundongos (revisado por JIANG;
LIANG; NOBLE, 2007). Foi demonstrado também que fragmentos de AH de baixo peso
molecular induzem maturacdo de células dendriticas de modo independente de CD44 ou
RHAMM, mas dependente de TLR4 (TERMMER et al., 2000). Por outro lado, resultados de
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Campo et al. (2012) sugeriram que a ligacdo do AH aos TLRs possa dificultar a ligacdo de
LPS a estes receptores, modulando assim a resposta inflamatoria.

A caracteristica viscoelastica do AH serve como uma barreira a difusdo de
macromoléculas (PISTORIUS et al., 2005), podendo ainda dificultar a penetracdo de virus e
bactérias (BANSAL; KEDIGE; ANAND, 2010). Contudo, estes efeitos dependem do
tamanho molecular, pois a variacdo do numero de unidades funcionais moleculares do AH
determina distintos comportamentos biologicos, por meio da ativacdo de diferentes vias de
transducdo de sinais celulares (FERGUSON et al., 2011). Durante o processo inflamatério, o
AH apresenta acdo moduladora, o que pode alterar a biodisponibilidade de mediadores
inflamatdrios e enzimas secretadas na matriz extracelular (BANSAL; KEDIGE; ANAND,
2010). Além disso, tem efeito protetor contra radicais livres, que danificam as células e
podem perpetuar o processo inflamatorio (PRESTI; SCOTT, 1994).

Foi demonstrado que a administracdo sistémica, local ou topica de AH inibe a
maturacdo e a migracdo de células dendriticas imaturas da epiderme (células de Langehrans)
in vivo (MUMMERT et al., 2000).

2.2 Aplicacao clinica do acido hialurénico

A utilizacdo do AH no tratamento de processos inflamatdrios é bem estabelecida em
areas medicas tais como Ortopedia, Dermatologia e Oftalmologia (BANSAL; KEDIGE;
ANAND, 2010). Na Odontologia, 0 AH mostrou efeito anti-inflamatorio, antibacteriano e de
inibicdo do edema no tratamento da gengivite (JENTSCH et al., 2003). Provavelmente o
efeito anti-inflamatério pode ser devido a acdo do AH como um eliminador de
prostaglandinas, metaloproteinases e outras moléculas bio-ativas presentes no intersticio
(LAURENT; LAURENT; FRASER, 1995).

Varios farmacos foram relatados na literatura como medicamentos de aplicacao tdpica.
Na maioria das vezes estes preparos sdo limitadas a bochechos, que ndo garantem um contato
longo entre o componente ativo e o local da inflamacdo. O preparo viscoso, em forma de géis
ou pastas s@&o melhores na capacidade de se aderir ao tecido gengival, garantindo que o
componente ativo ira realizar seu efeito in situ por um periodo de tempo maior (SAPNA,
2005).

O AH pode ser utilizado na periodontia como gel para aplicacdo tdpica, agindo como
antimicrobiano adjuvante na raspagem e alisamento radicular; na regeneracdo Ossea em

defeitos Gsseos periodontais; na regeneracdo 0ssea guiada; para o tratamento néo cirargico de
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bolsas peri-implantares; ou como um biomaterial em forma de arcabougo em pesquisas de
engenharia de tecidos (BANSAL; KEDIGE; ANAND, 2010). A aplicacdo clinica na forma de
membranas e géis de AH durante a cirurgia, pode reduzir a contaminacdo bacteriana no local
da ferida, diminuindo o risco de infeccdo, e promover a regeneracao tecidual de modo mais
previsivel (PADMA et al., 2013).

O AH pode atuar como arcabouco para outras moléculas, como a proteina
morfogenética Ossea-2 (BMP-2), e induzir a reconstrucdo 0Ossea em extensos defeitos
alveolares, como demonstrado em estudo em cdes (HUNT et al., 2001). Recentemente,
Mendes et al. (2008) verificaram que a aplicagcéo de gel de AH acelerou o processo de cura
em alvéolos de dentes de ratos, estimulando a expressdo de proteinas osteogénicas como
BMP-2 e osteopontina pelas células locais, durante o processo de neoformacéo 6ssea. Esses
resultados sugerem potencial osteoindutor do AH. Embora apresente caracteristicas que o
tornem um importante material para uso odontoldgico, ainda sdo escassos 0s estudos sobre
seu efeito na estimulacdo da neoformacdo Gssea. Estudo recente mostrou que a aplicagdo de
gel de AH em defeitos 6sseos criados em calota craniana de ratos nao foi capaz de estimular
significativamente a neoformacédo 6ssea, embora tenha induzido maior infiltracdo celular em
membrana de colageno utilizada como barreira (SILVA et al., 2016).

Mesa et al. (2002) avaliaram o efeito do gel de AH de alto peso molecular, clinica e
histologicamente, no tratamento da periodontite. Foi realizado um estudo de boca dividida,
onde o gel foi aplicado de forma aleatéria em um quadrante e no lado oposto foi utilizado um
placebo. Estudo histopatolégico e imunoistoquimico para deteccdo do marcador de
proliferacdo celular Ki-67 realizado em fragmentos de bidpsia gengival de 28 pacientes com
doenca periodontal mostrou que o gel de AH reduziu a proliferacdo celular de queratindcitos,
fibroblastos e linfocitos, aumentou o numero de sitios sem infiltrado inflamatorio e inibiu a
progressdo do aumento da profundidade de sondagem ap6s 1 més, com melhora clinica nos
pacientes.

Vanden Bogaerde (2009) avaliou a eficécia clinica do AH para tratamento de defeitos
periodontais. Apds alisamento radicular, o AH na forma de fibras foi colocado para preencher
completamente os espacos do defeito 6sseo. Um ano apos o tratamento foi observada reducgéo
da profundidade de bolsa periodontal e ganho de insercao.

Pilloni et al. (2011) investigaram a eficacia de um gel a base de AH no tratamento
periodontal. Foram avaliados pardmetros como diminuicdo de sangramento, reducdo de
profundidade a sondagem, reducdo do indice de placa e ganho de insercdo. Os pacientes

foram devidamente instruidos sobre a forma de higienizacéo e avaliados apos 7, 14 e 21 dias.
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No grupo tratado com o AH, todos os parametros clinicos periodontais avaliados tiveram
melhor resultado, sugerindo potencial do AH em reduzir a inflamacé&o gengival.

Fawzy El-Sayed et al. (2012) em seu estudo de boca dividida, avaliaram clinicamente
o efeito da aplicacdo local do gel de AH juntamente com a cirurgia periodontal em quatorze
pacientes com periodontite cronica. Apos terapia periodontal ndo cirurgica inicial, realizou-se
cirurgia utilizando a técnica de Widman modificada, associada a aplicacéo local do gel de AH
a 0,8%. Apos 3 e 6 meses foram avaliados os parametros: nivel de insercdo clinica,
profundidade da bolsa, recessdo gengival, indice de sangramento e indice de placa. O grupo
teste apresentou significativa reducdo da recessdo gengival e maior ganho de nivel de inser¢édo
clinica, indicando que o uso tdpico de gel de AH como adjuvante no tratamento cirdrgico
periodontal favorece os resultados clinicos.

Briguglio et al. (2013) avaliaram o efeito da utilizacdo de AH no tratamento de
defeitos 6sseos de duas paredes causados pela doenca periodontal. Foram avaliados, durante
24 meses, 40 pacientes, nos quais os defeitos foram divididos aleatoriamente em dois grupos:
sitios tratados com AH (teste) e sitios tratados com cirurgia de retalho (controle). Apds
avaliacdes clinicas e radiograficas foi possivel observar que o tratamento com o AH ofereceu
beneficios estatisticamente significativos quanto a profundidade de sondagem, diminuindo a
bolsa periodontal e melhorando o nivel clinico de insergo.

Eick et al. (2013) fizeram aplicagdo do gel de AH em pacientes com periodontite e
avaliaram pardmetros clinicos e colonizacdo bacteriana subgengival, durante o tratamento
periodontal. Os resultados clinicos foram melhores no grupo tratado com AH e a contagem de
bactérias ap6s o periodo de 6 meses foi significativamente reduzida neste grupo em relagéo ao
controle, que exibiu aumento do ndmero de Prevotella intermedia e Porphyromonas
gingivalis. Esses achados sugerem que a aplicacdo do gel de AH no tratamento periodontal
parece ter efeitos positivos em parametros clinicos, além de dificultar a recolonizacdo por
periodontopat6genos.

Um estudo clinico avaliando a eficacia bactericida/bacteriostatica do AH a 0,025% em
comparacdo a clorexidina em enxaguantes bucais mostrou auséncia de efeito do AH sobre o
crescimento de P. gingivalis (RODRIGUES et al., 2010). Entretanto, Pirnazar et al. (1999)
demonstraram o AH em concentragdo maior (0,1%) foi capaz de afetar o crescimento de P.
gingivalis, sugerindo que o efeito antimicrobiano do AH seja dose-dependente.
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2.3 Fatores moleculares e celulares no processo inflamatdrio periodontal

A doenca periodontal € um processo inflamatorio causado pela infeccdo bacteriana aos
tecidos de suporte do dente. As bactérias Gram-negativas anaerobias estdo diretamente
envolvidas no inicio do processo, quando, juntamente com outras espécies presentes no
biofilme subgengival, provocam uma reagdo imunoinflamatdria, levando a formagdo de
bolsas periodontais com potencial destruicdo dos tecidos de suporte (PAGE; EKE, 2007).

As células da resposta imune inata possuem receptores de padrdes de reconhecimento
(PRRs), capazes de identificar padrdes moleculares gerais encontrados nos patégenos
(padrdes moleculares associados a patégenos, PAMPs). Entre as bactérias
periodontopatogénicas, a P. gingivalis, uma bactéria Gram-negativa altamente patogénica,
encontra-se intimamente associada a periodontite (MYSAK et al., 2014). O lipopolissacaridio
(LPS) é um componente da membrana das bactérias Gram-negativas e um exemplo classico
de PAMP. Células do sistema imune inato utilizam PRRs especificos, os TLRs (Toll-like
receptors), para reconhecerem fatores de viruléncia, como o LPS, e iniciar a resposta imune
(MIYAKE, 2004). O LPS derivado de P. gingivalis (Pg-LPS) apresenta-se, portanto, como
importante fator de viruléncia na doenca periodontal (MYSAK et al., 2014). O Pg-LPS parece
ser capaz de ativar as células do sistema imune via TLR2 e TLR4, estimulando a producdo de
diversos mediadores inflamatdrios, como as citocinas, e induzindo a expressdo de moléculas
de superficie (DARVEAU et al., 2004).

O sistema TLR detecta P. gingivalis principalmente através de TLR2 tanto in vitro
como in vivo, enquanto TLR4 ndo desempenha um papel tdo importante, devido ao fato do
patdgeno expressar moléculas de LPS atipicas (HAJISHENGALLIS et al., 2006). Embora P.
gingivalis ndo antagonize as funcdes de TLR2, ela desenvolve estratégias para explorar a
sinalizacdo de TLR2 em sua prépria vantagem. Apo0s a ativacdo por P. gingivalis, TLR2 induz
duas sinalizages distintas (HAJISHENGALLIS et al., 2009). Uma das vias € dependente de
MyD88 e leva a inducdo principalmente de respostas pro-inflamatérias e antimicrobianas
dependentes do fator nuclear kB. A outra é uma via pro-adesiva que leva a inducdo da
expressdo de CR3 (HAROKOPAKIS; HAJISHENGALLIS, 2005).

Macrofagos e células dendriticas (DCs), ambos derivados dos mondcitos, sdo células
imunoinflamatdrias essenciais. As DCs imaturas estdo estrategicamente localizadas em
tecidos que representam rotas de entrada de patdgenos (pele e mucosa), monitorando
continuamente o ambiente através da internalizacdo de particulas e produtos soltveis
(BANCHEREAU; STEINMAN, 1998). Ao reconhecer os produtos microbianos, macrofagos
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e DCs produzem e secretam mediadores inflamatorios responséaveis por fendmenos vasculares
e celulares associados a protecdo do hospedeiro (FUJIIWARA; KOBAYASHI, 2005; KOPF;
BACHMANN; MARSLAND, 2010; WELLS; RAVASI; HUME, 2005). Além disso, tém
capacidade fagocitaria, microbicida e apresentam afinidade de cooperacdo com os LB e LT
(ELHELU, 1983). Os macrofagos e DCs sdao também células apresentadoras de antigeno
profissionais (APCs) que conectam o sistema imune inato ao adaptativo ao tornar o antigeno
“visivel” para o linfocito T (MEDZHITOV; JANEWAY, 2002).

Uma caracteristica das APCs é a expressdo de moléculas co-estimulatorias e de uma
molécula de superficie do complexo maior de histocompatibilidade de classe Il (MHC 11). Um
dos isotipos humanos do MHC Il € o HLA-DR. A sensibilizacdo dos LT auxiliares requer a
interacdo entre o seu receptor (TCR) e o complexo antigeno-MHC nas APCs (ALLEY et al,
1993). O aumento da expressdao da HLA-DR é também um indicativo de ativacdo de APCs
(RAZMA et al., 1984). O HLA-DR é frequentemente expresso por células epiteliais em
tecidos gengivais com doenca periodontal, mas ndo por células nos tecidos gengivais
saudaveis (BISSON-BOUTELLIEZ et al., 2001).

Dentre as moléculas co-estimulatorias das APCs, CD80 e CD86 possuem funcdes
semelhantes de se ligarem as moléculas CD28 ou CTLA-4 na superficie de linfocitos T,
gerando sinais de ativacdo ou de inibi¢do da ativacao linfocitaria, respectivamente (LINSLEY
et al., 1994). De modo geral, CD86 apresenta expressdo mais abundante que CD80 na célula
em repouso, sendo rapidamente aumentada apds ativacdo celular. CD80, pouco encontrado
em APCs em repouso, tem sua expressdo induzida de forma mais lenta que o CD86 ap6s a
ativacdo celular (INABA et al., 1995; LENSCHOW et al., 1993). Além das diferengas
relacionadas a cinética de ligagdo de CD80 e CD86 aos seus receptores, um niumero relevante
de estudos tem questionado a equivaléncia dos efeitos coestimuladores gerados por estas duas
moléculas. Os resultados contrastam frente ao papel funcional desempenhado por CD80 ¢
CDS86 na ativagao dos LT, sugerindo diferencgas de natureza qualitativa e quantitativa entre as
duas moléculas (BOYLAN et al., 1999; FIELDS et al., 1998; LANG et al., 2002). CD80 é
provavelmente o ligante mais potente para CD28 em termos de capacidade de ativacdo celular
(FIELDS et al., 1998; OLSSON et al., 1998). Interessante € o fato de que ambos, CD80 e
CD86, apresentam maior afinidade de ligacdo pelo CTLA-4 que pelo CD28 (LINSLEY et al.,
1994; VAN DER MERWE et al., 1997).

A interacdo entre a célula T efetora e as celulas da resposta imune tanto inata
(macré6fagos) como adaptativa (linfocitos B) depende do sinal co-estimulatério CD40/CD40L.

O CDA40L é uma proteina transmembrana da familia do fator de necrose tumoral, que esta
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presente nos linfocitos T ativados e interage com outra proteina de membrana, a CD40
(DAVIDSON et al., 2012; HOLLENBAUGH et al., 1992). Esta interagdo € crucial para a
ativacdo de mecanismos microbicidas de macréfagos, importante para a protecdo contra
agentes intracelulares. A interacdo CD40-CD40L também amplifica a apresentacdo de
antigenos e aumenta ativacao, proliferacdo e diferenciacdo dos linfécitos T (GREWAL; XU;
FLAVELL, 1995).

A existéncia de diferentes populacées de mondcitos no sangue humano ja esta bem
estabelecida. Além dos mondcitos classicos, que sdo fortemente positivos para a molécula de
superficie CD14 (CD14™), foi descoberta uma populagido de mondcitos que co-expressa
CD16 e baixos niveis de CD14 (CD14°CD16") (ZIEGLER-HEITBROK; PASSLICK;
FLIEGER, 1988), com caracteristicas fenotipicas e funcionais especificas (PASSLICK;
FLIEGER; ZIEGLER-HEITBROK, 1989). Estas células tém alguns padrdes caracteristicos de
moléculas de superficie celular quando comparadas aos mondcitos classicos, indicando serem
mais maduros que os mondcitos CD14™ (KWAKKENBOS et al., 2002). O padrio de
marcadores de superficie de mondcitos se assemelha em muitos aspectos ao padrdo observado
em macrofagos nos tecidos e estudos de maturacdo in vitro mostraram que essas células
podem ser desenvolvidas a partir de mondcitos CD14™ (PASSLICK; FLIEGER; ZIEGLER-
HEITBROK, 1989). Adicionalmente, mondcitos CD14"CD16" apresentam perfil mais pro-
inflamatorio, alta expressdo de citocinas pré-inflamatorias e capacidade de apresentacdo de
antigenos (ZIEGLER-HEITBROK, 2007). A imunomarcacdo para CD14 e CD16 pode definir
subconjuntos de populacdes de mondcitos humanos, sendo as popula¢es mais abundantes: a
classica CD14""CD16 e a intermediaria CD14'CD16".

Além da sinalizacéo por contato célula-célula, outra importante forma de comunicagao
celular nas repostas imunoinflamatérias ocorre por meio de citocinas. As citocinas sdo
polipeptideos secretados em resposta a agentes agressores, que participam da comunicacao
celular no sitio inflamatério e estdo envolvidas na multiplicacdo, ativacdo, inibicdo,
recrutamento e morte celular (CANNON, 2000; DINARELLO, 2000). A ativacdo dos
macrofagos presentes nos tecidos por meio do reconhecimento dos produtos microbianos,
leva & secrecdo de citocinas e outros mediadores inflamatorios que sdo responséveis por
fendmenos vasculares e celulares (FUIIWARA; KOBAYASHI, 2005; KOPF; BACHMANN;
MARSLAND, 2010; WELLS; RAVASI; HUME, 2005). Nos locais em que ha infeccéo
bacteriana, produtos como os lipopolissacarideos (LPS) ativam macréfagos estimulando a
capacidade fagocitaria e microbicida, por meio da geracdo de intermediérios reativos
derivados do oxigénio (MYSAK et al., 2014).
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As citocinas possuem acOes pleiotropicas ou redundantes e podem apresentar
caracteristicas pré- ou anti-inflamatdrias. Interleucina-1 (IL-1), IL-6, fator de necrose
tumoral-alfa (TNF-a) e interferon-gama (IFN-y) sdo importantes mediadores da inflamacao,
por induzirem alteragdes no endotélio vascular, estimular o recrutamento de leucdcitos e 0s
mecanismos efetores da imunidade celular (ROMAGNANI, 2002). As citocinas TNF-a, IL-1,
IL-6 e o fator estimulador de colénia de macréfagos (M-CSF) séo produzidos por macréfagos
e estimulam a osteoclastogénese e consequente reabsorcdo 6ssea (ATHANASOU, 1996;
BERTOLINI et al., 1986). Por outro lado, TNF-a, IL-1 e IL-6 também s&o responsaveis por
desencadear a osteogénese (THOMAS; PULEO, 2011). TNF-a e IL-1 também apresentam
capacidade de inibir a sintese de colageno (HARRISON et al., 1998). TNF-a atua no processo
de migracao celular por induzir a regulacdo de moléculas de adesdo e a estimulacdo da
producdo de guimiocinas, que sdo citocinas quimiotaticas envolvidas na migracdo de células
para os locais de inflamacdo (DINARELLO, 2000; KINDLE et al.,, 2006; WAJANT,;
PFIZENMAIER; SCHEURICH, 2003). IL-6 atua na promocdo da diferenciacdo de
osteoblastos e osteoclastos, na estimulacdo da expressao do fator de crescimento endotelial
vascular (VEGF) e na promocdo da mineralizacdo e maturacdo do tecido 6sseo neoformado
(YANG et al., 2007).

IL-12 é produzida principalmente por macrofagos, mondcitos, células dendriticas e
linfocitos B em resposta a produtos bacterianos e parasitas intracelulares (QUEIROZ-
JUNIOR et al., 2010). Atua estimulando a diferenciacdo de linfocitos T virgens no subtipo
Th1, os quais sdo determinantes na resisténcia e combate a microrganismos intracelulares
(YUN et al., 2001). IL-12 também estimula a producéo de IFN-y e TNF-a por células NK e
linfocitos T auxiliares (QUEIROZ-JUNIOR et al., 2010). A secrecdo de IFN-y induzida por
IL-12 aumenta a fagocitose e a producédo de 6xido nitrico (NO), potencializando a destrui¢cdo
de patogenos (TRINCHIERI; GEROSA, 1996). IL-12 também tem sido descrita como um
supressor de citocinas Th2, tais como IL-4 e IL-10 (TRINCHIERI; PFLANZ; KASTELEIN,
2003). Devido ao seu papel na resposta imune, a IL-12 tem sido considerada patogénica para
varias doencas, incluindo doencas inflamatorias tais como artrite reumatéide (HUEBER et al.,
2010), psoriase (GLOWACKA et al., 2010) e doencas bucais como a periodontite (SASAKI
et al., 2008).

Diferentemente da via destrutiva que envolve as citocinas pro-inflamatorias, as vias
reguladoras mediadas por citocinas anti-inflamatorias podem controlar ou atenuar o
desenvolvimento da inflamagdo. A IL-10 interfere diretamente na producdo de IFN-y por

linfocitos T, desempenhando um importante papel como citocina imunorreguladora
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(JOVANOVIC et al., 1998; NAUNDOREF et al., 2009). Também inibe a atividade de células
NK, reduzindo a expressdo de IFN-y e TNF- o, e a atividade de macrofagos, por reduzir a
producdo de diversas citocinas pro-inflamatérias, como IL-1, IL-6, IL-8, IL-12 e TNF-a
(COMMINS; STEINKE; BORISH, 2008; COUPER; BLOUNT; RILEY, 2008). A IL-10
também inibe a expressdo das moléculas co-estimulatérias CD80 e CD86 por células
dendriticas e outras células apresentadoras de antigeno profissionais, reduzindo a emisséo de
co-estimulos essenciais a ativacdo e diferenciacdo de linfocitos T (COMMINS; STEINKE;
BORISH, 2008; COUPER; BLOUNT; RILEY, 2008). Por outro lado, tem sido demonstrado
que a IL-10 também participa da estimulacdo da resposta imune, por meio da ativacdo da
proliferacdo de linfocitos B e estimulagdo da secrecdo de imunoglobulinas (MAYNARD;
WEAVER, 2008).

As proporcbes de citocinas produzidas pelas células do infiltrado inflamatdrio
determinam os efeitos bioldgicos nos sitios de infeccdo, como o combate aos antigenos e
microrganismos e a destruicdo tecidual (CANNON, 2000).

A resposta imune inflamatoria na doenca periodontal é responsavel pelo maior dano
causado aos tecidos periodontais, gerando as alteracGes patoldgicas que caracterizam as
manifestacdes clinicas da doenca (ASSUMA et al., 1998). A importancia das citocinas na
patogénese da doenca periodontal é evidente em vérios estudos. Elas ndo s6 atuam como
iniciadoras e reguladoras da imunidade inata e adaptativa, mas também ativam mecanismos
que causam danos teciduais, causando perda de funcdo e doenca clinica (ASSUMA, et al.,
1998; WAHL et al., 1993). Na resposta inflamatoria periodontal, além dos leucdécitos, células
teciduais como fibroblastos, células epiteliais e endoteliais também sdo fontes de citocinas
(CARRICHES; MARTINEZ-GONZALEZ; RODRIGUEZ, 2006). A manutencio da
integridade dos tecidos periodontais € 0 combate aos produtos microbianos dependem
diretamente do equilibrio entre as diferentes citocinas e mediadores inflamatérios produzidos
por células imunes reativas e com atividade supressora (CANDEL-MARTI et al., 2011).

Entre os mediadores produzidos ap6s reconhecimento bacteriano, as citocinas como
TNF-a, IL-1 e IL-6 foram as primeiras a terem seu papel reconhecido na patogénese da
doenca periodontal (GARLET, 2010). Diversas citocinas, como IL-1, IL-6 e IL-12, sdo
encontradas em niveis aumentados em biopsias de tecido periodontal e no fluido do sulco
gengival de pacientes com periodontite (YUCEL-LINDBERG; BAGE, 2013). A IL-1 tem
sido a citocina mais estudada na doenga periodontal, exercendo potente acdo indutora da
reabsorcdo Ossea e da secrecdo de metaloproteinases de matriz (MMPS), responsaveis pela
destruicdo dos tecidos periodontais (BIRKEDAL-HANSEN, 1993) e estimulando o
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recrutamento de neutréfilos pela inducdo da producdo de quimiocinas (PRESHAW,
TAYLOR, 2011). Os niveis locais de IL-1 diminuem significativamente ap0s realizacdo do
tratamento (HOWELLS, 1995).

TNF-o também esta presente em niveis elevados no fluido crevicular gengival e nos
tecidos periodontais doentes, onde esta relacionada com a expressao de MMPs e do ligante do
receptor ativador do fator nuclear kB (RANKL), moléculas envolvidas na osteoclastogénese e
reabsorcao 6ssea (GARLET et al., 2006; GRAVES, 2008; GRAVES; COCHRAN, 2003). Em
modelos animais de doenga periodontal, foi demonstrado o papel central do TNF-a na
resposta inflamatoria, promovendo reabsorcdo de osso alveolar e perda de insercao de tecido
conjuntivo (GRAVES, 2008; GRAVES; COCHRAN, 2003).

Nos tecidos periodontais, a citocina IL-6 é produzida por fibroblastos, linfdcitos,
mondcitos e células epiteliais em resposta aos LPS bacterianos, IL-1 e TNF-o (MADIANOS;
BOBETSIS; KINANE, 2005). A IL-6 apresenta niveis aumentados no fluido crevicular em
pacientes com periodontite, da mesma forma que apresenta maior concentracdo no tecido
gengival afetado, comparado com tecido gengival saudavel em pacientes com periodontite
(KURTIS et al., 1999). Também foi possivel observar que o nivel sistémico de IL-6 diminuiu
apos tratamento periodontal ndo cirargico, melhorando a salde do tecido gengival
(MARCACCINI et al., 2009).

Os niveis de IL-10 estdo elevados nos tecidos periodontais inflamados, o que pode
estar relacionado a tentativa de controle dos mecanismos imunoinflamatérios com diminuicéo
da gravidade da doenca (GARLET et al., 2006; LAPPIN et al., 2001). A IL-10 pode atuar de
varias maneiras para restringir a gravidade da doenca periodontal. O controle de sinalizacéo
mediada por IL-10 pode incluir a inibi¢do da transcricdo de RNAm de diversas citocinas e
outros mediadores inflamatorios, apds ativacao de receptores tipo Toll (TLR) por produtos
microbianos (YOSHIMURA et al., 2003). Este controle pode ser exercido por supressores de
sinalizacdo de citocinas (SOCS), que atuam para atenuar a transducao do sinal, como parte de
um circuito fechado de realimentacéo negativa para inibir a resposta a estimulos subsequentes
(YOSHIMURA; NAKA; KUBO, 2007). A expressaio de SOCS-1 e SOCS-3 é
significativamente mais elevada nos periodos de inatividade do que nos periodos de atividade
de doenga periodontal (GARLET et al., 2006). Curiosamente, os fibroblastos gengivais
humanos ndo exibem tolerdncia a LPS mediada por proteinas SOCS, sugerindo um papel
importante para este tipo de célula na manutencdo da resposta inflamatoria no ambiente
periodontal (ARA et al., 2009).
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O papel da IL-12 na patogénese da doenca periodontal ainda € contraditorio. Enquanto
estudos tém mostrado que a concentracdo de IL-12 é mais baixa nos tecidos afetados pela
doenca periodontal do que em tecidos gengivais saudaveis (JOHNSON; SERIO, 2005),
outros afirmam que seus niveis diminuem no fluido crevicular gengival ap6s a terapia
periodontal inicial (THUNELL et al., 2010). J& em estudo animal envolvendo camundongos,
apos a infeccdo por P. gingivalis, os autores observaram que a IL-12 estd envolvida com a
perda de osso alveolar (SASAKI et al., 2008).

O é&cido hialurdnico vem sendo estudado devido ao sucesso em sua aplicacao clinica
no tratamento da gengivite e doenca periodontal com melhoras significativas dos parametros
periodontais. Os estudos apontam que o AH é capaz de se ligar a moléculas de superficie
celular, estimular a liberacdo de citocinas e regular as respostas imunoinflamatérias, o que

poderia modular a fungdo dessas células.

2.4 Participacgéo do &cido hialurdnico nos processos imunoinflamatorios

O AH é naturalmente produzido principalmente pelos fibroblastos, que expressam as
trés isoformas da enzima é&cido hialurdnico sintase (HAS) (LUKE; PREHM, 1999). A
secrecdo do AH ¢é estimulada pela lesdo tecidual e mediadores inflamatérios como IL-1 e
TNF-o. Por outro lado, os fragmentos de AH estimulam fibroblastos a liberar citocinas,
regulam as respostas inflamatérias e facilitam a proliferacdo de fibroblastos mediada pelo
fator de crescimento transformante-beta (TGF-B). Além disso, 0 AH modula a diferenciagdo
de miofibroblastos dependentes de TGF-p (MASCARENHAS et al., 2004).

O extravasamento de leucécitos em resposta as exigéncias fisioldgicas ou patoldgicas,
por meio de interacbes de ligacdes complementares entre leucdcitos e células endoteliais,
ocorre através de um processo de varias etapas. A ligacdo do receptor CD44 expresso na
superficie de linfécitos T ativados com moléculas de AH endoteliais promove uma interacdo
adesiva primaria e, sob tensdo de cisalhamento, ha o extravasamento nos locais de inflamacao
(DEGRENDELE et al., 1996; NANDI; ESTESS; SIEGELMAN, 2000). Citocinas pro-
inflamatdrias estimulam as células endoteliais a produzir AH em conjunto com outras
moléculas de adesdo ligantes de integrinas leucocitarias, como ICAM-1 e VCAM-1
(VIGETTI et al., 2010). A integrina alfa-4 beta-1 (VLA-4) é usada na adeséo secundaria apos
aderéncia primaria de CD44 tanto em linfocitos T de ratos quanto de humanos
(SIEGELMAN; STANESCU; ESTESS, 2000). A polarizacdo e a migragéo dirigida de

neutrofilos também séo dependentes da expressdo de CD44 e da sua interacdo com AH, o que
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pode modular a migracdo de neutréfilos para os tecidos inflamados (ALSTERGREN et al.,
2004).

Pequenos fragmentos de AH de tetra e hexassacaridos aumentam a producdo das
citocinas IL-1, TNF-a e IL-12 por DCs, bem como sua capacidade de apresentacdo
antigénica. Estes pequenos fragmentos de AH induzem a maturagdo de DCs
independentemente do CD44 ou do receptor de motilidade de AH (RHAMM), de maneira
dependente dos receptores celulares tipo Toll-4 (TLR4) (JIANG; LIANG; NOBLE, 2011).

Um estudo realizado por Christie et al. (2007) demonstrou que a sintese inadequada de
AH estd correlacionada com uma reducdo na producdo de IL-2 e IFN-y, bem como a
expressdo do receptor de IL-2 (CD25) na superficie de linfocitos T, sugerindo papel do AH na
proliferacdo de linfocitos T ativados.

A producdo de citocinas nos vasos inflamados pode aumentar a expressdo de AH na
superficie de células endoteliais, criando assim locais receptivos a interacdo entre CD44 e AH
e, em seguida o extravasamento de células inflamatorias. A IL-15 induz a expressdo de AH
endotelial in vitro e promove extravasamento de células T ativadas através de uma via
dependente de CD44 in vivo (ESTESS et al., 1999). Componentes enddgenos da matriz
extracelular de AH podem estimular células endoteliais a reconhecer as lesdes nos estagios
iniciais da defesa e da resposta de reparacdo da ferida. A proliferacdo das células endoteliais
induzidas por AH é mediada pelo receptor CD44 e é acompanhada por uma ativagao precoce
de genes de resposta angiogénica (MOHAMADZADEH et al., 2009).

No processo de reparo tecidual estimulado pela inflamacdo, mondcitos podem ser
recrutados e estimulados por diferentes citocinas, como IL-12, IL-4, IL-13, a se diferenciarem
em um tipo de célula fibroblastica denominada fibrocito (MAHARJAN; PILLING; GOMER,
2011). Em um estudo recente, foi observado que a adi¢do de 300 ng/mL de AH de alto peso
molecular a mondcitos de sangue periférico induziu diferenciacdo fibrocitica dessas células
enquanto adigdo de mesma concentracdo de AH de baixo peso molecular inibiu esse processo
(MAHARJAN; PILLING; GOMER, 2011). Em outro estudo também foi observado
diferencas de atividades bioldgicas entre AH de alto e baixo peso moleculares, o AH de baixo
peso molecular foi capaz de estimular a expressédo de NF-kB, TLR4, TNF-q, IL-1, IL-6 e IL-8
por condrocitos de ratos, enquanto AH de alto peso molecular apresentou atividade inibitoria
dessa estimulacdo (CAMPO et al., 2012).

Em um estudo envolvendo a incubagdo de AH de baixo e de alto peso moleculares
com sangue de cord@o umbilical in vitro, verificou-se 0 aumento significativo da expressédo de

MMP9, IL-1, IL-8 e TNF-a por mondcitos, embora apenas AH de alto peso molecular tenha
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sido capaz de reduzir a expressdo de TLR4 nesses mondcitos (OSTERHOLT et al., 2012).
Apo6s a estimulacdo do sangue de corddo umbilical com LPS de Escherichia coli, AH de
baixo e de alto peso moleculares afetaram de forma diferente a expressao desses marcadores
imunoldgicos nos mondcitos, sugerindo que AH pode afetar a resposta imunoinflamatoria
inicial por meio da regulacdo da expressdo de receptores de LPS e de citocinas e enzimas
envolvidas no combate aos microrganismos e destruicdo tecidual (OSTERHOLT et al., 2012).
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3 HIPOTESES

As hipoteses deste estudo foram:

a)

b)

AH é capaz de alterar a expressdao de moléculas de superficie envolvidas na
sinalizacdo celular e de citocinas em mondcitos humanos;

AH de diferentes pesos moleculares afetam de modo diferente a expressao dessas
moléculas em mondcitos humanos;

AH afeta a expressdo de moléculas de superficie envolvidas na sinalizacéo celular
e de citocinas em monocitos humanos estimulados com Porphyromonas
gingivalis;

AH de diferentes pesos moleculares afetam de modo diferente a expressao dessas
moléculas em mondcitos humanos estimulados com Porphyromonas gingivalis;
Subpopulagbes funcionais de mondcitos circulantes sdo afetadas diferentemente
por AH quanto a expressdo de moléculas de superficie envolvidas na sinalizacdo

celular e de citocinas.
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4 OBJETIVOS

4.1 Obijetivo geral

Avaliar o efeito do &cido hialurdnico de baixo e de altos pesos moleculares nas

caracteristicas fenotipicas e funcionais de mondcitos humanos estimulados com

Porphyromonas gingivalis.

4.2 Objetivos especificos

a)

b)

d)

determinar e comparar as frequéncias de mondcitos expressando as moléculas de
superficie HLA-DR, CD16, CD40, CD80, CD86, TLR2 e TLR4 e as citocinas IL-
1, IL-6, IL-10, IL-12 e TNF-alfa ap6s incubacdo com AH de baixo ou de alto peso
molecular;

determinar e comparar as frequéncias de mondcitos estimulados com P. gingivalis,
expressando as moléculas de superficie HLA-DR, CD16, CD40, CD80, CD86,
TLR2 e TLR4 e as citocinas IL-1, IL-6, IL-10, IL-12 e TNF-alfa apds incubagédo
com AH de baixo ou de alto peso molecular;

comparar as frequéncias de mongcitos expressando as moléculas de superficie e as
citocinas, em diferentes subpopulacdes celulares identificadas pelos marcadores
CD14 e CD16, apo6s incubacdo com AH de baixo ou de alto peso molecular;
comparar as frequéncias de mondcitos estimulados com P. gingivalis, expressando
as moléculas de superficie e as citocinas, em diferentes subpopulacdes celulares
identificadas pelos marcadores CD14 e CD16, ap6s incubacdo com AH de baixo

ou de alto peso molecular.
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5 MATERIAL E METODOS
5.1 Amostras de sangue

Foram incluidos no presente estudo, dez individuos saudaveis, com idade entre 30 e 60
anos, que ndo possuiam nenhum tipo de doenca sistémica relatada, que ndo estivessem
imunodeprimidos e ndo faziam uso de medicamentos capazes de interferir na resposta
imunoinflamatdria ou antimicrobianos de uso topico, como enxaguantes bucais. Este estudo
foi aprovado pelo Comité de FEtica em Pesquisa da PUC Minas (CAAE:
54227916.0.0000.5137) e conduzido de acordo com normas vigentes (ANEXO A).

Foram coletados 20 mL de sangue de cada individuo em tubos heparinizados (Becton
Dickinson Vacutainer®, USA) e estes aplicados sobre 20 mL de Ficoll-Paque (GE Healthcare
Life Sciences) para a obtencdo das células mononucleares de sangue periférico (CMSP). Apds
centrifugacdo a 200g, por 40 minutos, a 20°C, as CMSP foram recolhidas, lavadas com
RPMI. Apds contagem de células com Azul de Tripan (0,4%) em aparelho Countess™
Automated Cell Counter (Invitrogen), as CMSP foram ressuspendidas em meio completo.

5.2 Acido hialurdnico

Neste estudo foram utilizados &cido hialurdnico de baixo peso molecular (AHB) (33
kDa) (GLRO0O01, lote #1467153, R&D Systems) e &cido hialurénico de alto peso molecular
(AHA) (1,46 x 10° Da) (GLR002, lote #1490155, R&D Systems), ambos com nivel de
endotoxina <0,01EU/mL. Foram preparadas solucdes de AH diluido em meio RPMI (Roswell
Park Memorial Institute, Sigma Aldrich), acrescido de 2 mM de L-glutamina e 5% de soro
humano normal (RPMI completo), imediatamente antes do uso.

5.3 Preparo das bactérias

Amostra de Porphyromonas gingivalis (ATCC 25611) foi cultivada em Brain Heart
Infusion Agar, suplementado com 0,5% de extrato de levedura, 0,1% de hemina suina e 0,1%
de menadiona, pH 7,2, enriquecido com 5% de sangue de carneiro (BHIA-S/E). Os
microrganismos foram incubados em camara anaerobica com atmosfera de 85% de N,, 5%
CO; e 10% H, a 37°C, por 72 horas. Para quantificacdo da cultura bacteriana, foram
realizadas dilui¢Ges seriadas em Brain Heart Infusion suplementado com 0,5% de extrato de

levedura, 0,1% de hemina suina e 0,1% de menadiona (BHI-S). Uma aliquota de 0,1 ml de
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cada diluicdo foi cultivada em BHIA-S/E para quantificacdo das unidades formadoras de
colénias (UFC)/ml da cultura crescida em BHI-S, ap6s 48 horas de incubacdo em

anaerobiose.
5.4 Determinacéao da citotoxicidade de AHB e AHA

Para verificar o efeito do AH na viabilidade celular, AHB e AHA em concentragdes
variando de 0,025% a 0,2% foram adicionados a CMSP e incubados por 16 horas em estufa a
37°C, 5% CO,. Em seguida, as células foram submetidas ao ensaio de MTT e a quantificacdo
de células apoptdticas e necroticas pelo kit Anexina V/7AAD (Biolegend).

Para avaliagdo da atividade mitocondrial, foi utilizado o kit MTT-Assay. Foram
adicionados 20 pL da solucdo de MTT e as células foram incubadas a 37°C por 16 horas. Em
seguida, foram adicionados 100 uL de SDS 10% em cada poco da placa de 96 pocos, fundo
em “U”, para solubliza¢éo dos cristais de formazan e as placas foram lidas ap6s 4 horas em
leitor de ELISA a 570 nm.

Para quantificacdo das células mortas por necrose ou apoptose foi utilizado kit
Anexina V/7TAAD (BioLegend, San Diego, CA, USA), o qual permite a marcacgdo das células
em apoptose pela anexina V conjugada a fluorocromo e marcacdo das células mortas totais
pela incorporacdo aos fragmentos de DNA do 7AAD. As marcacbes foram realizadas
conforme instrucbes do fabricante e a leitura realizada em citémetro de fluxo. Ao subtrairmos
0 numero de células mortas totais (7AAD positivas) pelo numero de células mortas por
apoptose (anexina V positivas) obtemos o numero de células mortas por necrose.

Os resultados obtidos por meio de ambas as metodologias mostraram que a incubagao
com as diferentes concentracGes de AHA ou AHB néo afetou significativamente a viabilidade
celularde CMSP. Dessa forma, foi escolhida a maior concentracdo de AHA e AHB testada,

0,2%, para os experimentos de imunomarcagéo.
5.5 Estimulacéo de células mononucleares de sangue periférico com AH e P. gingivalis

Para verificar o efeito do AHB e do AHA nas caracteristicas fenotipicas e funcionais
de mondcitos, 2x10° CMSP por pogo de placa de 96 pocos de fundo em “U” foram incubadas
com AHB ou AHA em concentracéo final de 0,2%, por 16 horas em estufa a 37°C, 5% CO..
A concentracdo de AH utilizada no presente estudo foi determinada em experimentos de
padronizacdo, obtendo-se a maior concentracdo de AHA capaz de manter o meio fluido, sem

causar alteracdo significativa da viabilidade celular das CMSP.
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Com o objetivo de avaliar o efeito de componentes celulares de bactérias envolvidas
na etiopatogénese da doenca periodontal, as CMSP foram previamente incubadas por 1 hora
em estufa a 37°C, 5% CO,, com P. gingivalis, na propor¢do MOI de 100:1. Em seguida foram
adicionados AHB ou AHA em concentracéo final de 0,2% e as células incubadas por mais 16
horas. A propor¢do de MOI (multiplicity of infection) utilizada no presente estudo foi
determinada previamente a partir da incubacdo de CMSP com diferentes concentracgdes de P.
gingivalis e analise da morte celular e da producdo de citocinas. Foi escolhida a proporcéo
que nao alterou significativamente a morte celular, pelo método de marcacdo por anexina
V/7TAAD, e induziu aumento significativo nas frequencias de mondcitos produtores de TNF-o
e IL-1, pelo método de citometria de fluxo (dados ndo mostrados).

Desse modo, foram obtidos os seguintes grupos experimentais: Controle (CMSP +
meio RPMI), AHB (CMSP + meio RPMI + &cido hialurénico de baixo peso molecular 0,2%),
AHA (CMSP + meio RPMI + &cido hialurdnico de alto peso molecular 0,2%), Pg (CMSP +
P.gingivalis MOI 100:1), Pg+AHB (CMSP + P.gingivalis MOI 100:1 + &cido hialurénico de
baixo peso molecular 0,2%) e Pg+AHA (CMSP + P.gingivalis MOI 100:1 + &cido
hialurdnico de alto peso molecular 0,2%) (Fig. 1).

Figura 1: Fluxograma da metodologia de estimulagé@o de células mononucleares de sangue
periférico com P. gingivalis e &cido hialurénico para imunomarcacao e anélise citométrica

10 doadores (20 ml de sangue)

!

Separacdo das CMSP

/O T~

RPMI RPMI RPMI Pg MOI 100:1 Pg MOI 100:1 Pg MOI 100:1
! ! ! ! !
1 hora 1 hora 1 hora 1 hora 1 hora 1 hora
! ! ! ! ! !
RPMI AHB 0,2% AHA0,2% RPMI AHB 0,2% AHA 0,2%
! ! ' ! ' !
16 horas 16 horas 16 horas 16 horas 16 horas 16 horas
Controle AHB AHA Pg Pg+AHB Pg+AHA

Fonte: Elaborado pelo autor
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5.6 Reacdes de imunofluorescéncia e citometria de fluxo

O protocolo para as imunomarcagdes foi realizado com base no descrito por Souza et
al. (2007), com algumas modificacGes. Para marcacao de antigenos de superficie celular, apds
centrifugacdo da placa, foram adicionadas solugGes contendo anticorpos monoclonais
conjugados a fluorocromos, diluidos em PBS 0,015 M, pH 7,4, contendo 0,01% de azida e
0,2% de albumina bovina sérica (BSA) e realizada incubacdo por 15 minutos, a 4°C. Foram
utilizados anticorpos anti-CD14 (ef450, Clone 61D3, eBioscience), CD16 (APCCy7, Clone
3G8, Biolegend), CD40 (FITC, Clone 5C3, Biolegend), CD80 (FITC, Clone 2D10,
Biolegend), CD86 (PE, Clone IT2.2, eBioscience) e HLA-DR (PeCy5.5, Clone TU36, BD),
TLR2 (PE, Clone TL2.1, eBioscience), TLR4 (APC, Clone HTA125, Biolegend). Em
seguida, as células foram lavadas com PBS e analisadas em citbmetro de fluxo
LSRFortessa™ (Becton Dickinson, New Jersey, USA).

Para marcagdo intracitoplasmatica de citocinas, as células foram primeiramente
incubadas por 15 minutos, a 4°C, com anticorpos anti-CD14 (ef450, Clone 61D3,
eBioscience), CD16 (APCCy7, Clone 3G8, Biolegend), diluidos em PBS 0,015 M, pH 7,4,
contendo 0,01% de azida e 0,2% de albumina bovina sérica (BSA). As células foram lavadas
com PBS e fixadas com formaldeido 2% em PBS, por 20 minutas a temperatura ambiente.
Em seguida, as células foram permeabilizadas com saponina 0,5% (Sigma-Aldrich) e
incubadas com anticorpos monoclonais anti-IL-1 (FITC, Clone JK1B-1, Biolegend), 1L-6
(APC, Clone MQ2-13A5, Biolegend), IL-10 (PE, Clone JES3-19F1, Biolegend), 1L-12 (PE,
Clone C11.5, Biolegend), TNF-a. (ALX700, Clone MAb11, eBioscience), por 30 minutos a
temperatura ambiente. Ap6s lavagem com PBS, as células foram analisadas em citdmetro de
fluxo LSRFortessa™ (Becton Dickinson, New Jersey, USA).

Anadlises citométricas foram realizadas utilizando-se o software FlowJo X (Tree Star
Inc., USA). Nos graficos granulosidade versus CD14, foram selecionadas as populagdes de
mondcitos CD14". Dentro desta populagéo, foram selecionadas ainda as subpopulagdes de
mondcitos intermediarios (CD14°'CD16") e de mondcitos classicos (CD14"CD16°), com base
na expresssdao de CD16. A quantificacdo das frequéncias de células positivas para cada
molécula de superficie e para cada citocina avaliada, bem como a mediana da intensidade de
fluorescéncia (MFI) para cada marcador, foram determinadas dentro da populacdo total de

mondcitos CD14" e dentro de cada subpopulacdo monocitica selecionada.
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5.7 Andlise estatistica

O teste de normalidade de Kolmogorov-smirnov mostrou distribuicdo normal dos
dados. Para verificar a existéncia de diferencas entre os diferentes tratamentos na expressao
de moléculas de superficie e de citocinas foi utilizado o teste ANOVA um critério sem
repeticdo, seguido pelo teste "post hoc" de Tukey para comparacdo entre pares, com nivel de
significancia de 5%. As analises foram realizadas utilizando-se o software GraphPad Prism
5.01 (GraphPad Software, San Diego, Califérnia, EUA).
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6 ARTIGO CIENTIFICO 1

O artigo intitulado “Effect of hyaluronic acid high and low molecular weight on
expression of surface molecules in human monocytes stimulated in vitro with
Porphyromonas gingivalis” serd submetido ao perioédico Journal of Periodontology (Qualis
Al).
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ABSTRACT

Background: Hyaluronic acid (HA) has been used as an adjunct in the treatment of
periodontal disease. HA molecules of different molecular weights act on immunocompetent
cells, inducing differentiation, activation, migration, and production of inflammatory
mediators. The aim of this study was to evaluate the effect of HA high and low molecular
weight in the expression of costimulatory molecules and Toll-like receptors in human
monocytes stimulated in vitro with Porphyromonas gingivalis.

Methods: Peripheral blood mononuclear cells (PBMC) from 10 donors, stimulated with
P.gingivalis (Pg) were incubated with high HA (HHA) or low HA (LHA) molecular weight of
0.2%. Immunofluorescence reactions and flow cytometry were performed for detection of
CD40, CD80, CD86, HLA-DR, TLR2 and TLR4 on CD14" monocytes and subpopulations of
classical monocytes (CD14"CD16") and intermediate monocytes (CD14°CD16").

Results: HHA and LHA increased expression of TLR2 in CD14" monocytes and the classical
monocytes. As HHA increased expression of CD40, HLA-DR and TLR2 in the intermediate
population. Monocytes incubated with HHA intermediate exhibited higher expression of
CD40 and HLA-DR those incubated with LHA.

Conclusion: HA is able to alter the phenotype of different monocytes subpopulations
stimulated by periodontopathogens and this effect, in part, it depends on the molecular weight
of the HA. The antiinflammatory effect of HA used topically in the periodontal tissues, seems
to be dependent on the modulation of the activation of immunocompetent cells, since HHA

induced upregulation of molecules involved in cellular activation.

Keywords: Hyaluronic Acid; Monocytes; Porphyromonas gingivalis; Costimulatory

molecules; Toll-like receptors.
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INTRODUCTION

Hyaluronic acid (HA) is an glycosaminoglycan present in extracellular matrix which
plays a crucial role in the post-inflammation tissue repair, facilitating the migration and cell
differentiation through cell signaling and interaction with growth factors present in the
interstitium.»®> HA also participates in the regulation of osmotic pressure and tissue
lubrication, helping to maintain structural integrity and homeostasis of tissues.>* Its molecules
can be low molecular weight (20 kD) or high molecular weight (3,000-4,000 kDa).* The high
molecular weight molecules have tissue fill function and exhibit immunosuppressive action.
Low molecular weight HA molecules are involved in ovulation, embryogenesis and
angiogenesis.”

HA has been used as gel for topical application, acting as adjunctive antimicrobial in
scaling and root planing, in bone regeneration in periodontal bone defects in the guided bone
regeneration or for the non-surgical treatment of peri-implant pockets.? Studies have shown
that topical application of HA gel reduced the inflammation and edema in patients with
gingivitis® and reduced inflammation, plague index, bleeding and probing depth in treating
periodontal disease.”®

Porphyromonas gingivalis is a Gram-negative bacterium highly pathogenic that has
lypopolissacarides (LPS) as a major virulence factor and is closely associated with
periodontitis.'® The P. gingivalis LPS appears to be able to activate the immune system via
Toll-like receptors 2 (TLR2) and 4 (TLR4), expressed in macrophages and dendritic cells, by
stimulating the production of various inflammatory mediators such as cytokines and
activating surface molecules.**

Further TLRs, professional antigen presenting cells (APCs) such as
monocytes/macrophages and dendritic cells express many molecules involved in antigen

presentation and costimulation for T lymphocytes, connecting innate immunity in the
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acquired immunity.** Molecules of the major histocompatibility complex class Il (MHC 11) as
HLA-DR associated to peptide antigen interact with T cell receptot (TCR) on the surface of
helper T lymphocytes by sensitizing them.*® However, for effective activation of lymphocytes
are necessary costimulatory signals. Among the co-stimulatory molecules on APCs, CD80
and CD86 share similar functions to bind to CD28 or CTLA-4 molecules on the surface of T
lymphocytes, generating activation signals or inhibition of lymphocyte activation,
respectively.* Another important costimulatory signal of effector T lymphocytes and
macrophages is the interaction between CD40 and CD40L. CD40L is a transmembrane
protein of the family of tumor necrosis factor, which is present on activated T lymphocytes
and interacts with CD40 expressed on the surface of APCs.*>® This interaction is crucial for
the activation of microbicidal mechanisms of macrophages, important for protection against
intracellular agents. The CD40-CD40L interaction also enhances antigen presentation and
activation, proliferation and differentiation of T lymphocytes.*’

The existence of different populations of monocytes in human blood is well
established. Besides the classic monocytes, which are strongly positive for CD14 surface
molecule (CD14™) and negative for CD16, a population of monocytes has been identified as
intermediates, co-expressing CD16 and low levels of CD14 (CD14'CD16")* with particular
phenotypic and functional characteristics.”® These cells exhibits more proinflammatory
profile, high expression of proinflammatory cytokines and antigen presentation capacity.?
The pattern of monocytes surface markers in many respects resembles the pattern observed in
tissue macrophages.*®

Although it has been proposed that HA acts as an antimicrobial in periodontal
tissues,”> there are no studies evaluating possible effects in the modulation of
immunocompetent cells stimulated by periodontopathogens. Considering also that different

molecular weights HA act differently in cellular functions, the aim of this study was evaluate
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the HA effect of high and low molecular weight in the expression of surface molecules
involved in the control of inflammatory responses by human monocytes stimulated with P.

gingivalis.

MATERIAL AND METHODS
Blood samples and ethical aspects

Were included in this study, ten healthy donors, aged between 30 and 60 years who
did not have any reported systemic disease, who were not immunocompromised and did not
use medication that interfere with immunoinflammatory response or antimicrobial topical, and
mouthwashes. This study was approved by the Research Ethics Committee of PUC Minas
(CAAE: 54227916.0.0000.5137) and conducted in accordance with current regulations.

They were collected 20 ml of blood from each donor in heparinized tubes (Becton
Dickinson Vacutainer™, USA) and those applied on 20 ml of Ficoll-Paque (GE Healthcare
Life Sciences) to obtain peripheral blood mononuclear cells (PBMC). After centrifugation at
200g for 40 minutes at 20°C, PBMC were harvested, washed with RPMI (Roswell Park
Memorial Institute, Sigma Aldrich). After cell counts with Trypan Blue (0.4%) in Countess
Automated Cell Counter™ (Invitrogen) device, PBMC were resuspended in complete

medium.

Hyaluronic acid

In this study, we used hyaluronic acid of low molecular weight (LHA) (33 kDa)
(GLROO1, lot # 1467153, R & D Systems) and hyaluronic acid high molecular weight (HHA)
(1.46 x 106 Da) (GLROO02, lot # 1490155, R & D Systems), both with endotoxin level of
<0,01EU/mI. HA diluted solutions were prepared in RPMI supplemented with 2 mM L-

glutamine and 5% normal human serum (complete RPMI) immediately before use.
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Preparation of bacteria

Lineage of Porphyromonas gingivalis (ATCC 25611) was grown in Brain Heart
Infusion Agar, supplemented with 0.5% vyeast extract, 0.1% porcine hemin and 0.1%
menadione, pH 7.2, supplemented with 5% sheep blood (BHIA-S/E). The microorganisms
were incubated in anaerobic stove with an atmosphere of 85% N, 5% CO, and 10% H, at
37°C for 72 hours. For quantification of the bacterial culture, serial dilutions were made in
brain heart infusion supplemented with 0.5% yeast extract, 0.1% porcine hemin and 0.1%
menadione (BHI-S). An aliquot of 0.1 ml of each dilution was grown on BHIA-S/E to
determine the colony forming units (CFU)/ml culture grown in BHI-S after 48 hours of

incubation in anaerobiosis.

Evaluation of the cytotoxicity of HHA and LHA

To determine the concentration of HA to be used in immunofluorescence experiments
in monocytes, patterning experiments were conducted by adding HHA or LHA in
concentrations ranging from 0.025% to 0.2% to the PBMC and incubated for 16 hours at
37°C, 5% CO,. For evaluation of mitochondrial activity, we used the MTT-Assay kit
according to manufacturer's instructions and read the absorbance at 570 nm. To quantify cells
killed by necrosis or apoptosis Annexin V/7-AAD Kit (BioLegend, San Diego, CA, USA)
was used, according to manufacturer's instructions and the cells analyzed by flow cytometry.

Analyzes of the mitochondrial cell death activity showed no differences in cell
viability between the concentrations tested for both HA. Thus, for use in immunofluorescence
experiments, it has chosen the highest concentration of HHA (0.2%) able to keep the medium
fluid, without a significant change in cell viability of PBMC. Figure 1 shows representative

dot plot graphs of cytometric analysis of Annexin V and 7-AAD.
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Stimulation of peripheral blood mononuclear cells with HA and P. gingivalis

To verify the effect of HHA and LHA the phenotypic and functional characteristics of
monocytes, 2x10° PBMC per well of plate bottom 96-well "U" were incubated with HHA or
LHA in final concentration of 0.2%, for 16 hours, at 37°C, 5% CO,.

Aiming to evaluate the microbial stimulation sites in periodontal disease, PBMC were
preincubated for 1 hour at 37°C, 5% CO; with P. gingivalis in proportion MOI of 100:1. Then
HHA or LHA were added in 0.2% final concentration and the cells incubated for a further 16
hours. The ratio of MOI (multiplicity of infection) used in this study was previously
determined from the PBMC incubation with different concentrations of P. gingivalis and
analysis of cell death and cytokine production. The MOI of 100:1 did not significantly alter
cell death and induced a significant increase in the frequency of monocytes producing TNF-o
and IL-1 (data not shown).

The following experimental groups of PBMC were obtained: control (RPMI), LHA
(hyaluronic acid low molecular weight 0.2%), HHA (hyaluronic acid high molecular weight
0.2%), Pg (P. gingivalis), Pg-LHA (P. gingivalis + hyaluronic acid low molecular

weight0.2%) and Pg-HHA (P. gingivalis + hyaluronic acid high molecular weight 0.2%).

Immunofluorescence reactions and flow cytometry
The protocol for immunofluorescence reactions and flow cytometry was based on that

described by Souza et al.?

, with some modifications. For labeling of cell surface antigens
fluorochrome conjugated monoclonal antibodies diluted in PBS 0.015 M, pH 7.4, containing
0.01% azide and 0.2% bovine serum albumin (BSA) were added to PBMC and incubation
carried out for 15 minutes at 4°C. The antibodies anti-CD14 (ef450 Clone 61D3,
eBioscience), CD16 (APCCy7, Clone 3G8, BiolLegend), CD40 (FITC, clone 5C3,

BiolLegend), CD80 (FITC, clone 2D10, BioLegend), CD86 (PE, clone 1T2.2, eBioscience)
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and HLA-DR (PeCy5.5 Clone Tu36, BD), TLR2 (PE, clone TL2.1, eBioscience), and TLR4
(APC, clone HTA125, BiolLegend) were used. After incubation, the cells were washed with
PBS, fixed with a 2% formaldehyde solution in PBS, for 20 minutes at room temperature, and
analyzed on a flow cytometer (LSRFortessa™, Becton Dickinson, New Jersey, USA).
Cytometric analyzes were performed using the FlowJo X software (Tree Star Inc.,
USA). In the dot plot graphs granularity versus CD14, populations of CD14" monocytes were
selected. Within this population, although been selected subpopulations of intermediate
monocytes (CD14'CD16") and classical monocytes (CD14'CD16°), based on expression of
CD16. The quantification of the frequency of positive cells assessed for each surface
molecule as well as the median fluorescence intensity (MFI) for each marker were determined
within the total population of CD14" monocytes and within each monocyte subpopulation

selected.

Statistical analysis

The Kolmogorov-Smirnov normality test showed normal distribution of data. To
verify the existence of differences between the different treatments on the expression of
surface molecules the one-way ANOVA without repeated measures, followed by the test
"post hoc" Tukey to compare pairs with 5% significance level. The analyzes were performed

using the software GraphPad Prism 5.1 (GraphPad Software, San Diego, California, USA).

RESULTS

The cytometric analysis of surface molecule expression on CD14" monocyte
population showed that incubation with HHA or LHA did not significantly alter the frequency
of cells expressing CD40, CD80, CD86 or HLA-DR, or the median intensity of fluorescence

of these molecules (Fig. 2). However, incubation with HHA or LHA significantly increased



54

frequency of CD14" monocytes expressing TLR-2 and the median intensity of fluorescence of
this molecule although it decreased the frequency of cells expressing TLR-4, as well as the
median intensity of fluorescence of this marker (Fig. 3).

Incubation with P. gingivalis significantly increased frequency of CD14" monocytes
expressing CD40, CD80, HLA-DR and TLR-2, as well as the median intensity of
fluorescence of these molecules in this population (Fig. 2 and 3). Although it has not
significantly changed the frequencies of CD14" monocytes expressing CD86 and TLR-2,
incubation with P. gingivalis reduced median intensity of fluorescence of these surface
molecules in this population (Fig. 2 and 3).

The addition of HHA or LHA to CD14" monocytes previously stimulated with P.
gingivalis was not able to significantly alter the frequency of cells expressing CD40, CD80,
CD86, HLA-DR or TLR-4 or the median intensity of fluorescence of these molecules (Fig. 2
and 3). However, addition of HHA or LHA significantly increased frequency of CD14"
monocytes expressing TLR-2 and the median fluorescence intensity of this molecule in cells
stimulated with Pg (Fig. 3).

Comparing effects of hyaluronic acid with stimulation with P. gingivalis in the CD14"
monocyte population, the reduction of the frequencies and the median intensity of
fluorescence of TLR-4 was similar between HHA, LHA and Pg groups (Fig. 3).

Analysis of CD16 expression in the CD14" monocyte population showed that the
addition of Pg significantly reduced the frequency of cells expressing this molecule (Fig. 4).

Considering the expression of the markers in the subpopulation of CD14°'CD16"
monocytes, the cytometric analysis showed that the frequency of cells expressing CD80 or
HLA-DR were significantly higher in HHA group compared to the LHA group (Fig. 5).
Furthermore, the addition of HHA or LHA increased the TLR-2 median intensity of

fluorescence compared to the control group (Fig. 6).
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The stimulation of Pg significantly increased the frequency monocytes CD14"CD16"
cells expressing CD40, CD80 and HLA-DR and the median intensity of fluorescence of these
molecules (Fig. 5). In contrast, stimulation with Pg reduced frequency of CD14'CD16"
monocytes expressing TLR-4 and median intensity of fluorescence of CD86, TLR-2 and
TLR-4 (Fig. 5 and 6). The addition of HHA to cells stimulated with Pg significantly increased
frequency of CD14'CD16" monocytes expressing HLA-DR and TLR-2 and the median
intensity of fluorescence of CD40, HLA-DR and TLR-2 in this subpopulation (Figs. 5 and 6).
Comparing the two types of hyaluronic acid in cells stimulated with P. gingivalis, the
frequency of CD14'CD16" monocytes expressing HLA-DR and median intensity of
fluorescence of CD40 and HLA-DR were significantly higher in HHA group than LHA group
(Fig. 5).

Considering the CD14"CD16" subpopulation of monocytes, addition of HHA or LHA
significantly increased the TLR-2 median intensity of fluorescence (Fig. 8). Conversely, the
addition of HHA or LHA significantly reduced the frequency TLR-4 expressing cells and the
median intensity of fluorescence of this molecule (Fig. 8).

Stimulation with P. gingivalis increased the frequency of CD14"CD16~ monocytes
expressing CD40, CD80 and HLA-DR as well as the median intensity of fluorescence of
these molecules and CD86 (Fig. 7). In contrast, P. gingivalis reduced the frequency of TLR-
4% cells and the median intensity of fluorescence of CD86, TLR-2 and TLR-4 in this
subpopulation of monocytes (Fig. 8). The addition of HHA or LHA significantly increased
median intensity of fluorescence for TLR-2 in the subpopulation of CD14"CD16 monocytes

stimulated with P. gingivalis (Fig. 8).
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DISCUSSION

Several studies have shown satisfactory clinical effects of HA use as an adjunct in the
treatment of gingivitis and periodontitis, reducing tissue inflammation.®®* However, the
molecular and cellular mechanisms by which acts HA in inflamed periodontal tissues have not
yet been described. In the present study, the cytometric analysis showed that HHA or LHA
were able to increase the frequency of CD14" monocytes expressing TLR2 and the median
intensity of expression of this molecule and to reduce the frequency and the intensity of
expression of TLR4 in this cell population. Monocytes are important circulating cells in
immunoinflammatory response, being recruited for bacterial infection sites and participating
in combat processes to microorganisms and tissue repair induction.?* These processes involve
cell signaling receptors by microbial products, co-stimulatory molecules and cytokines, which
stimulate and modulate the cellular responses to microbial infection.?*®

Studies have shown that P. gingivalis is identified by cells of the innate immunity
mainly by means of interaction with TLR2, both in vitro and in vivo, whereas TLR4 does not
play such an important role detection due to the fact that bacteria expressing atypical
lipopolysaccharide molecules.”®?” Although P. gingivalis not directly antagonize TLR2, this
pathogen has developed strategies to explore the TLR2 signaling on his own advantage. The
binding to TLR2 activates two distinct signaling pathways: a pathway dependent on MyD88
leading to induction mostly proinflammatory and antimicrobial responses, that depends on the
nuclear factor kB, and one that involves activation of phosphatidylinositol 3-kinase and leads
to induction of CR3 expression on leukocytes.?®** This last way, called pro-adhesive, is
started when the P. gingivalis fimbriae bind to CD14 and activate TLR2 mediated signaling,
increasing the interactions between leukocytes and endothelial cells, and transendothelial
migration.'® Although this signaling pathway contributes to the leukocyte recruitment into

sites of bacterial infection, evidence suggests that P. gingivalis use this route to improve the
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interaction of their cell surface with fimbriae CR3 receptors expressed on inflammatory
cells.*®

Whereas the activation of microbicidal mechanisms of leukocyte recruitment and
activation of TLR2 induced by P. gingivalis, the stimulation of this receptor expression by
HHA and LHA in monocytes detected in this study could contribute to more efficient in
fighting microbial periodontal tissues. In contrast, the reduction of TLR4 expression could
contribute to the control of cell activation by reducing pro-inflammatory activity of
monocytes against other bacteria, assisting in clinical improvement of patients in surgical
periodontal therapy and supportive.

Monocytes represent about 10% of circulating leukocytes.*® Three decades ago,
human monocytes were classified into two subpopulations according to the expression of
FcyR (Fc gamma receptors) in: classical monocytes (CD14"CD16°), which express the high
affinity receptor for IgG (FcyRIl), and inflammatory monocytes (CD14" CD16%), those
expressing low affinity receptors for 19G (FcyRI11).2° Recently, a new classification has been
proposed, based on functional characteristics, according to expression of CD14 and CD16
molecules on classical monocytes (CD14°CD167), nonclassical (CD14°“CD16") and
intermediate (CD14""CD16").3' The classical monocytes are present in larger amounts in
human peripheral blood, accounting for about 80 to 95% of total monocytes.®** They exhibit
high phagocytic and microbicide capacity,® increased expression of CCR2 chemokine

receptor compared to other monocytic subpopulations,®

and although they express least
HLA-DR than intermediate subpopulation of monocytes, they are good for activating CD4* T
cells.®3® Since the subsets of intermediate monocytes have a higher stage of cell
differentiation, they are committed to differentiation to dendritic cells or macrophages®’ and
exhibit moderate phagocytic activity.*® Some studies show the clinical importance of CD16"

38-40

monocytes, which are more activated in inflammatory and infectious processes and show
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high expression of CCR5, CCR2 and CX3CR1 chemokine receptors as shown in hepatic
cirrhosis.** The recruitment of these monocytes by expression of these chemokine receptors
has been implicated in the pathogenesis of rheumatoid arthritis, atherosclerosis, HIV infection
and malaria, consisting of an important factor in the regulation of inflammatory responses.?%#?

In the present study, we evaluated the subpopulations of classical monocytes (CD14"
CD16) and intermediate (CD14"CD16"). The addition of HHA or LHA did not significantly
affect the expression of CD16, that is, they not affect the frequency of classical monocytes or
intermediate subpopulations. Analysis of the expression of surface molecules on classical
monocytes showed similar results to those observed for total CD14" monocyte population.
These data reflect the major contribution of this subpopulation of monocytes in total, because
about 80% of the monocytes display the CD14"CD16™ phenotype. However, considering the
subpopulation of intermediate monocytes, adding HHA or LHA did not significantly affect
the expression of TLR4, as observed in classical subpopulation of monocytes.

Although these comprise a minor subpopulation of monocytes, the intermediates are
possibly more easily recruited into inflammatory sites by increased expression of chemokine

receptors, 43

contributing to the formation of the inflammatory infiltrate. It has been shown
that the majority of mononuclear phagocytes in the inflamed gingiva expressed the chemokine
CCL2 and this expression correlates with the intensity of gingival inflammation.**

Phenotypic and functional differences of this monocyte subpopulation could explain
the lack of susceptibility to the inhibitory effect on TLR4 expression induced by HHA and
LHA shown in the classical monocytes. Moreover, in this study, the subset of intermediate
monocytes shown to be more sensitive to the action of HA in the expression of antigen-
presenting and co-stimulatory molecules. The HHA-treated group showed higher frequencies

of intermediate monocytes expressing CD80 and HLA-DR than the LHA-treated group.

These molecules are directly involved in the activation of cellular acquired immune response.
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HLA-DR is an isotype of the class Il major histocompatibility complex (MHC Il) whose
increased expression is indicative of activation of professional antigen presenting cells
(APCs).™ The interaction between MHC-11-antigen to T cell receptor (TCR) is required for
lymphocyte sensitization.*® However, in T cell activation is required also the connection of
costimulatory molecules such as CD80 or CD86, expressed by APCs, with CD28 expressed
on the surface of lymphocytes.*® Based on the present results, exposure of intermediate
monocytes to HHA would increase the CD4" T cell activation contributing to the anti
microbial capacity of acquired immunity.

Considering that immunocompetent cells are exposed to bacterial products in the
tissues affected by periodontitis, in this study, PBMC were previously stimulated with P.
gingivalis, a periodontopathogen commonly found in periodontal disease sites.’® Flow
cytometric analysis showed that P. gingivalis stimulus increased the frequency of classical
monocytes and reduced the frequency of intermediate monocytes. A recent study showed that
stimulation with LPS of Escherichia coli induces greater inflammatory response by human
monocytes intermediate than by classical monocytes.*” These findings suggest that
subpopulations of monocytes differently respond to distinct pathogens.

This study also showed that P. gingivalis stimulation significantly increased the
expression of CD40, CD80 and HLA-DR, although it reduced the expression of CD86, TLR4
and TLR2 in CD14", classical and intermediate monocyte populations. These data suggest
that the different subpopulations of monocytes evaluated are capable of responding to
stimulation with P. gingivalis in relation to expression of costimulatory molecules and Toll-
like receptors.

The analysis of the effect of HA on mononuclear cells previously stimulated with P.
gingivalis showed that addition of HHA or LHA increased the frequency of CD14"

monocytes expressing TLR2 and the intensity of expression of this molecule in the CD14"
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population and the subpopulation of classical monocytes, reversing the reducing expression of
this receptor induced by P. gingivalis. In the subpopulation of intermediate monocytes only
HHA was able to increase the frequency of TLR2" cells as well as the intensity of expression
of this molecule. HHA increased the intensity of expression of CD40 and HLA-DR only in
the subpopulation of intermediate monocytes. Furthermore, considering cells stimulated with
P. gingivalis, the HHA-treated group showed higher intensities of expression of CD40 and
HLA-DR as compared to the group treated with LHA. These data suggest that subpopulations
of monocytes are differently susceptible to HA of different molecular weights, and probably
these molecules interact with receptors on the cell surface, generating signals for the
stimulation of the expression of TLR2, CD40 and HLA-DR. The interaction between CD40
and its ligand (CD40L) triggers specific responses in cells involved, usually by activating
inflammatory signaling pathways.*

The data from this study suggest a role of HA mainly of high molecular weight, to
stimulate proinflammatory and microbicides mechanisms in monocytes activated by P.
gingivalis. Thus, the anti-inflammatory mechanism of HA as an adjunct in the treatment of
periodontal disease, appears to directly involve modulation of surface molecules responsible
for cell signaling and control of periodontal immunoinflammatory processes. The increased
expression of TLR2, primarily induced by high-molecular-weight HA could keep the cells
more responsive to LPS from P. gingivalis. The TLR system detects P. gingivalis mainly
through TLR2, both in vitro and in vivo, whereas TLR4 does not play such an important role
due to the fact the pathogen expressing atypical lipopolysaccharide molecules.”®?” Studies by
functional and cytokine production and other inflammatory mediators by monocytes exposed
to HA are essential to confirm this hypothesis.

Although the literature show immunosuppressive and anti-inflammatory effects of

high molecular weight HA,>* in the present study, this molecule was able to affect in P.
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gingivalis stimulated monocytes by modulating the expression of molecules involved in the
activation of T lymphocytes and monocytes. Thus, it is possible that high molecular weight
HA plays activating immunoinflammatory mechanisms, which can contribute to the

microbicidal activity of macrophages and monocytes in the periodontal tissues.
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FIGURES
Figure 1 - Dot plot graphics representing the percentage of viable cells (double-negative for
Annexin V and 7-AAD), apoptotic (Annexin7AAD") or necrotic cells (7-AAD") in the

population of PBMC incubated with different concentrations of HHA or LHA.
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Figure 2 - Frequencies of positive cells and median fluorescence intensity (MFI) of surface
* Indicates significant difference compared to control group. One-way ANOVA with repeated measures test

followed by Tukey post hoc test at 5% significance level.

molecules on CD14" monocytes.
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Figure 3 - Frequencies of positive cells and median fluorescence intensity (MFI) of TLRs in

CD14" monocytes.

* Indicates significant difference compared to control group.

P | owercase letters represent significant differences between different treatments the cells not stimulated with
P. gingivalis or between cells stimulated with P. gingivalis. One-way ANOVA with repeated measures test
followed by Tukey post hoc test at 5% significance level.
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Figure 4 - Frequencies of CD16" and CD16" cells in CD14" monocyte population.
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* Indicates significant difference compared to control group. One-way ANOVA with repeated measures test

followed by the Tukey post hoc test, with a 5% significance level
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Figure 5 - Frequencies of positive cells and median fluorescence intensity (MFI) of surface

molecules in CD14"CD16" monocyte subpopulation.

* Indicates significant difference compared to control group. One-way ANOVA with repeated measures test
followed by Tukey post hoc test at 5% significance level.
abC| owercase letters represent significant differences between different treatments the cells not stimulated with
P. gingivalis or between cells stimulated with P. gingivalis. One-way ANOVA with repeated measures test
followed by Tukey post hoc test at 5% significance level.
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Figure 6 - Frequencies of positive cells and median fluorescence intensity (MFI) of TLRs in

CD14'CD16" monocyte subpopulation.

* Indicates significant difference compared to control group. One-way ANOVA with repeated measures test
followed by Tukey post hoc test at 5% significance level.
® Lowercase letter represent significant differences between different treatments the cells not stimulated with P.
gingivalis or between cells stimulated with P. gingivalis. One-way ANOVA with repeated measures test
followed by Tukey post hoc test at 5% significance level.
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Figure 7 - Frequencies of positive cells and median fluorescence intensity (MFI) of surface
molecules in CD14"CD16™ monocyte subpopulation.

* Indicates significant difference compared to control group. One-way ANOVA with repeated measures test
followed by Tukey post hoc test at 5% significance level.
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Figure 8 - Frequencies of positive cells and median fluorescence intensity (MFI) of TLRs in

CD14'CD16™ monocyte subpopulation.

* Indicates significant difference compared to control group.

&b | owercase letters represent significant differences between different treatments the cells not stimulated with
P. gingivalis or between cells stimulated with P. gingivalis. One-way ANOVA with repeated measures test
followed by Tukey post hoc test at 5% significance level.
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7 ARTIGO CIENTIFICO 2

O artigo intitulado “Effect of hyaluronic acid high and low molecular weight on
cytokine production by human monocytes stimulated in vitro with Porphyromonas

gingivalis” sera submetido ao periddico Journal of Applied Oral Science (Qualis A2).
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ABSTRACT

Background: Hyaluronic acid (HA) has been used as an adjunct in the treatment of
inflammatory periodontal diseases with significant results in reducing inflammation
and tissue destruction. Although several studies have shown that HA interfere with
biological processes such as inflammation, angiogenesis, cell differentiation and
tissue repair and that these effects depend on his molecular weight, the mechanism
by which HA improves the clinical and histological parameters of periodontal tissues
has not yet been elucidated. The aim of this study was to evaluate the effect of high
and low molecular HA weight on cytokine production by human monocytes
stimulated in vitro with Porphyromonas gingivalis. Methods: Peripheral blood
mononuclear cells (PBMC) from 10 donors were stimulated with P. gingivalis (Pg)
and then incubated with high HA (HHA) or low HA (LHA) molecular weight. The
expression of IL-1B,IL-6, IL-10, IL-12 and TNF-a were assessed on total,
intermediate and classical monocyte subpopulations phenotypically identified by
CD14 and CD16 using flow cytometry. Results: In the absence of stimulation with
Pg, HHA group showed higher frequencies of IL-1p* and TNF-a" cells in the CD14"
and classical monocyte populations when compared to the LHA group. The addition
of HHA and LHA to Pg stimulated cells was able to reverse the increase in IL-15
expression induced by the bacteria only in the intermediate subpopulation of
monocytes. Conclusion: HA affects differently the cytokine expression in different
subpopulations of monocytes. Although HHA and LHA reduce IL-13 expression in the
intermediate monocytes stimulated with P. gingivalis, the anti-inflammatory effect in
periodontal treatment seems to involve other mechanisms than direct modulation of

cytokine production by immunocompetent cells.

Keywords: Hyaluronic acid. Monocytes. Porphyromonas gingivalis. Cytokines.
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INTRODUCTION

Hyaluronic acid (HA) is an important structural component present in the
extracellular matrix of great importance in the post-inflammation tissue repair,
contributing to migration and cell differentiation through signaling and interaction with
growth factors present in the interstitum.**® Its molecules may be found in low
molecular weight (20 kD) or high molecular weight (3,000-4,000 kDa).** The high
molecular weight molecules are components of the connective tissue extracellular
matrix and exhibit immunosuppressive action. In contrast, low molecular weight HA
molecules are involved in angiogenesis.™® and in the stimulation of proinflammatory
cytokines production in various cell types.?*

HA is widely used in the treatment of inflammatory processes in the
biomedical areas. In dentistry, its clinical use has shown anti-inflammatory,
antibacterial and edema inhibition in the treatment of gingivitis.?* In periodontal
disease, the inflammatory process, increasing the amount of subgingival bacteria,
increased pocket depth, attachment loss and destruction of adjacent tissues are
identified.”'*> Between periodontal bacterias, Porphyromonas gingivalis is a gram-
negative bacterium, highly pathogenic, and is closely associated with periodontitis.®
LPS derived from P. gingivalis (Pg LPS) presents itself as an important virulence
factor in periodontal disease.*

The existence of different populations of monocytes in human blood is well
established, based on functional characteristics, according to expression of CD14
and CD16 molecules on classical monocytes (CD14'CD16), non-classical
(CD14*CD16%), and intermediate (CD14**CD16%).%®

In response to microbial products recognized by Toll-like receptors (TLRS),
leukocytes and tissue cells produce cytokines that participate in cellular
communication in the inflammatory site and are involved in the proliferation,
activation, inhibition, recruitment and cell death.®**!* The importance of cytokines in
the pathogenesis of periodontal disease is evident in several studies. They not only
act as initiators and regulators of innate and adaptive immune response, but also
activates the mechanisms that cause tissue damage, causing loss of function and
clinical disease.?**

Previous studies have shown that HA molecules of different molecular weights
may exhibit antagonistic effects.®32* Its mechanism of action is as an antimicrobial

agent or inducer of immunoinflammatory response or even acting as a physical
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barrier, preventing the bacteria-cell interactions, it seems still not clear. Although it
has been used in the treatment of gingivitis and periodontal disease, there are no
studies in the literature evaluating their effects on cytokine production by cells
stimulated with P. gingivalis. This study aimed to evaluate the effect of high and low
molecular weight HA on the cytokines expression in human monocyte

subpopulations stimulated with P. gingivalis.

MATERIAL AND METHODS
Blood samples and ethical aspects

Ten healthy donors, aged between 30 and 60 years were included in this
study. They did not have any reported systemic disease, were not
immunocompromised and did not wuse medication that interfere with
immunoinflammatory response or antimicrobial topical, and mouthwashes. This study
was approved by the Research Ethics Committee of PUC Minas and conducted in
accordance with current regulations.

They were collected 20 ml of blood from each donor in heparinized tubes
(Becton Dickinson Vacutainer™, USA) and those applied on 20 ml of Ficoll-Paque
(GE Healthcare Life Sciences) to obtain peripheral blood mononuclear cells (PBMC).
After centrifugation at 200g for 40 minutes at 20°C, PBMC were harvested and
washed with RPMI (Roswell Park Memorial Institute, Sigma Aldrich). After cell counts
with Trypan Blue (0.4%) in Countess Automated Cell Counter™ (Invitrogen) device,
PBMC were resuspended in complete medium (RPMI supplemented with 2 mM L-

glutamine and 5% normal human serum).

Hyaluronic acid

Low molecular weight hyaluronic acid (LHA) (33 kDa) (GLRO0O1, lot # 1467153,
R&D Systems) and high molecular weight hyaluronic acid (HHA) (1.46 x 106 Da)
(GLRO002, lot # 1490155, R&D Systems), both with endotoxin level of <0,01EU/mI,
were used in the present study. HA diluted solutions were prepared in complete

RPMI immediately before use.

Preparation of bacteria
Lineage of Porphyromonas gingivalis (ATCC 25611) was grown in Brain Heart

Infusion Agar, supplemented with 0.5% yeast extract, 0.1% porcine hemin and 0.1%
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menadione, pH 7.2, supplemented with 5 % sheep blood (BHIA-S/E). The
microorganisms were incubated in anaerobic chamber with an atmosphere of 85%
N2, 5% CO, and 10% H, at 37°C for 72 hours. For quantification of the bacterial
culture, serial dilutions were made in brain heart infusion supplemented with 0.5%
yeast extract, and 0.1% porcine hemin menadione (BHI-S). An aliquot of 0.1 ml of
each dilution was grown on BHIA-S/E to determine the colony forming units (CFU)/ml

culture grown in BHI-S after 48 hours of incubation in anaerobiosis.

Stimulation of peripheral blood mononuclear cells with HA and P. gingivalis

To verify the effect of HHA and LHA on the phenotypic and functional
characteristics of monocytes, 2x10° PBMC per well of plate bottom 96-well "U" were
incubated with HHA or LHA in final concentration of 0.2%, for 16 hours at 37°C, 5%
CO..

Aiming to evaluate the effect of microbial stimulation observed in sites of
periodontal disease, PBMC were preincubated with P. gingivalis in proportion MOI
(multiplicity of infection) of 100: 1, for 1 hour at 37°C, 5% CO,. Then HHA or LHA
were added in 0.2% final concentration and the cells incubated for a further 16 hours.
The HA concentration and the ratio of P. gingivalis MOI were determined previously
by our researcher group.

The following experimental groups of PBMC were obtained: control (RPMI),
LHA (low molecular weight hyaluronic acid 0.2%), HHA (high molecular weight
hyaluronic acid 0.2 %), Pg (P. gingivalis), Pg-LHA (P. gingivalis + low molecular
weight hyaluronic acid 0.2%) and Pg-HHA (P. gingivalis + high molecular weight
hyaluronic acid 0.2%).

Immunofluorescence and flow cytometry
The protocol for immunofluorescence reactions and flow cytometry was based

142 with some modifications. Cells were first

on that described by Souza et a
incubated for 15 minutes at 4°C with anti-CD14 antibodies (ef450 Clone 61D3,
eBioscience) and CD16 (APCCy7, Clone 3G8, BioLegend) diluted in 0.015 M PBS,
pH 7.4 containing 0, 01% azide and 0.2% bovine serum albumin (BSA). Cells were
washed with PBS and fixed with 2% formaldehyde in PBS for 20 minutes at room
temperature. Then, for intracytoplasmic labeling, cells were permeabilized with 0.5%

saponin (Sigma-Aldrich) and incubated with monoclonal anti-IL-1 (FITC, clone
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JK1B-1, BioLegend), IL-6 (APC Clone MQ2-13A5, BiolLegend), IL-10 (PE, clone
JES3-19F1, BioLegend), IL-12 (PE, clone C11.5, BioLegend), TNF-a (ALX700 Clone
MADb11, eBioscience) for 30 minutes at room temperature. After washing with PBS,
cells were analyzed in LSRFortessa™ flow cytometer (Becton Dickinson, NJ, USA).
Cytometry analyses were performed using the FlowJo X software (Tree Star
Inc., USA). CD14" monocyte populations were selected in graphics granularity
versus CD14. Within this population there was selected the subpopulations of
intermediate monocytes (CD14'CD16%) and classical monocytes (CD14°CD16),
based on CD16 expression. The frequency of positive cells assessed for each
cytokine, and the median intensity of fluorescence (MIF) of each marker were
determined within the total population of CD14" monocytes and monocytic within

each subpopulation selected.

Statistical analysis

The normality test Kolmogorov-Smirnov showed normal distribution of data. To
verify the existence of differences between the various treatments on the expression
of cytokines one-way ANOVA test was used followed by the post hoc Tukey test to
compare pairs with 5% significance level. The analysis were performed using the
software GraphPad Prism 5.1 (GraphPad Software, San Diego, California, USA).

RESULTS

Incubation of PBMC with HHA or LHA did not significantly alter the frequency
of CD14" monocytes producing IL-18, IL-6, TNF-a, IL-10 or IL-12 not even the
median intensity of fluorescence of these cytokines (Figure 1). However, the HHA
group showed significantly higher frequencies of CD14" monocytes producing IL-18
compared to the LHA group (Figure 1A).

Stimulation with P. gingivalis significantly increased the frequencies of CD14"
monocytes producing IL-1B, IL-6, TNF-a, IL-10 or IL-12 producers as well as the
medians intensity of fluorescence of IL-1B3, IL 6, and TNF-a (Figure 1). Adding HHA
or LHA did not significantly change the production of cytokines evaluated in CD14"
monocytes stimulated with P. gingivalis.

Considering the subpopulation of CD14"CD16~ monocytes, addition of HHA or
LHA not significantly alter the frequency of cells producing cytokines evaluated, or

the intensities of IL-1B, IL-6 and TNF-a expression (Figure 2). However, the HHA
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group showed significantly higher frequencies of CD14"CD16™ monocytes producing
IL-18 and TNF-a when compared to the LHA group (Figure 2A and 2E). Stimulation
with P. gingivalis significantly increased frequency of cells producing IL-13, TNF-q,
IL-10 or IL-12 as well as the median intensity of fluorescence of IL-1B, IL-6 and TNF-
a in this monocyte subpopulation (Figure 2). Addition of HHA or LHA to P. gingivalis
stimulated cells also did not significantly alter the frequencies of positive cells or the
expression intensities of IL-18, IL-6 and TNF-a in CD14'CD16° monocyte
subpopulation (Figure 2).

Analysis of CD14"CD16™ monocyte subpopulation showed that HHA or LHA
not altered significantly the frequency of cells producing the evaluated cytokines, or
the intensities of the expression of IL-1B, IL-6 and TNF-a (Figure 3). Although
stimulation with P. gingivalis has significantly increased frequency of cells producing
IL-18, TNF-qa, IL-10 or IL-12 and the median intensity of fluorescence of IL-1j3, IL-6
and TNF-qa, unlike the classical monocyte subpopulation of the bacteria was not able
to increase the frequency of IL-6+ in intermediate subpopulation of monocytes
(Figure 3). There were no significant differences in the frequencies of CD14"CD16"
monocytes producing cytokines and in the expression intensities of them between
the group Pg and Pg-HHA or Pg-LHA groups (Figure 3). However, the addition of
HHA or LHA to P. gingivalis stimulated cells was able to reduce the frequencies and
the intensity of expression of IL-1B in CD14'CD16" monocytes at similar levels to

those found in the control group (Figure 3A and 3B).

DISCUSSION

In periodontal disease, the initial response to the aggression consists of a
nonspecific inflammatory reaction with activation of the innate immune system.
Amplification of this response results in the production and activation of cytokines
and other mediators, which enhances the inflammatory response and raises the
acquired immune response.”

IL-12 produced by macrophages, monocytes and dendritic cells in response to
bacterial products acts stimulating the differentiation of naive T lymphocytes to the
Thl subtype, which are determinants in strength and combatting intracellular
microorganisms.*#*’ Inflammatory cells such as CD4* T lymphocytes (helper) and
CD8 (cytotoxic) are of great importance in the pathogenesis of periodontal disease,

as they influence the profile produced across cytokines to an injury by an infectious
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agent which undergo the direct influence of the pathogen nature, dose of this antigen
and host genetic factors.’® These cytokines associated with specific transcription
factors will determine the type of acquired response effector (Thl, Th2 or Th17 cells)
or suppressor (regulatory T cells).*?

The activation of macrophages present in the tissues through the recognition
of microbial products, leads to secretion of cytokines and other inflammatory
mediators that are responsible for vascular and cellular phenomena.t”?°%® |n places
where there is bacterial infection, products such as lipopolysaccharide (LPS) activate
macrophages stimulating the phagocytic and microbicide ability, through the
generation of reactive oxygen intermediates.®!® The proportions of cytokines
produced by inflammatory cells determine the biological effects at the sites of
infection, such as combating organisms and antigens and tissue destruction.®*

In this study, the population of CD14" monocytes HHA group had a higher
frequency of cells producing IL-1p than LHA group. A similar result was observed
within the group of classical monocytes (CD14°CD167). However, in this monocytic
subpopulation, the HHA group also showed higher frequency of TNF-a positive cells
when compared to the LHA group. No significant differences were observed in the IL-
10 expression. These data suggest a greater proinflammatory effect of high
molecular weight HA compared to low molecular weight HA in circulating monocytes.
Different results were found in studies that showed proinflammatory effect of low
molecular weight HA with stimulation of the expression of proinflammatory cytokines
and chemokines in human fibrocytes and chondrocytes of mice, while a high
molecular weight HA had the opposite effect.*> Smaller HA fragments of tetra and
hexasaccharides increase the production of IL-1, TNF-a and IL-12 by dendritic cells
as well as their antigen presentation capacity.? This divergence between our findings
and those found in the literature can be justified by the difference between the
models of study and evaluated cell types that may exhibit different behaviors
interfering in the results. It was also demonstrated in another study that both high and
low molecular weight HA were able to stimulate metalloproteinase expression of
matrix-9 (MMP-9), IL-1, IL-8 and TNF-a by blood monocytes from the umbilical
cord.*®

IL-1, IL-6 and TNF-a are important mediators of inflammation by inducing
changes in vascular endothelium, stimulate leukocyte recruitment and effector

mechanisms of cellular immunity.*® These cytokines are produced by macrophages
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and stimulates osteoclastogenesis and subsequent bone resorption.*® TNF-a and IL-
1 also have capacity to inhibit collagen synthesis.?>*” TNF-a acts in the cell migration
process by inducing regulation of adhesion molecules and stimulation of production
of chemokines, which are chemotactic cytokines involved in cell migration to sites of
inflammation.*?354% |n inflamed periodontal sites, TNF-a is found in high levels in
both the gingival crevicular fluid and the periodontal tissues, being associated with
the expression of MMPs and ligand receptor activator of nuclear factor kB (RANKL),
molecules involved in osteoclastogenesis and bone resorption.’®*® Our results
showed that incubation of PBMC with HHA or LHA did not significantly alter the
frequencies of classical (CD14'CD16") or intermediate monocytes (CD14" CD16").
However, the HHA group showed significantly higher frequencies of classical
monocytes producing IL-18 and TNF-a when compared to the LHA group, suggesting
that different subpopulations of monocytes exhibit different behaviors as cytokine
release in the presence of hyaluronic acid.

Several studies have shown the use of HA in inflamed periodontal sites with
beneficial results on clinical parameters.”*>® Considering that AH are able to bind to
cell surface molecules whose activate intracellular signaling pathways?®, one of the
possible effects of HA in the improved clinical parameters.* could be in modulating
expression of cytokines by immunocompetent cells activated by microbial products of
subgingival plaque.

Considering that cells in inflamed periodontal tissues are stimulated by
bacterial products, were previously stimulated human monocytes with P. gingivalis
and then incubated with high or low molecular weight HA. Stimulation with P.
gingivalis significantly increased the frequency of monocytes producing all tested
cytokines, except the IL-6 in the intermediate monocyte subpopulation, reinforcing
the idea that different subpopulations of monocytes respond differently to the
microbial stimulus.

In the present study, although incubation with HA did not significantly affected
the expression of cytokines in the intermediate monocyte subpopulation, adding HHA
or LHA to cells stimulated with P. gingivalis prevented the increase in the frequency
of IL-1B" cells and the intensity of the expression of this cytokine. IL-1B exerts potent
inducing activity of bone resorption and secretion of matrix metalloproteinases
(MMPs), responsible for the destruction of periodontal tissues in periodontal
disease.® It was observed that local IL-1 levels decrease significantly after the
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completion of the treatment of periodontal disease.”” Intermediate monocytes
express higher levels of adhesion molecules,! suggesting increased recruitment of
this subpopulation to sites of periodontal disease. Thus, the reduction in the
expression of IL-18 induced by HHA or LHA in the intermediate monocyte
subpopulation suggests modulatory effects of inflammation, with reduction of tissue
damage in periodontal sites infected with P. gingivalis.

Differently of destructive pathway involving pro-inflammatory cytokines,
regulatory pathways mediated by anti-inflammatory cytokines can control or reduce
the development of inflammation. In periodontal disease, there was high levels of IL-
10, which may be related to an attempt to control immunoinflammatory mechanisms
with decreased disease severity.!®*° The IL-10 directly affects the production of
interferon gamma (IFN-y) by T Ilymphocytes, playing an important role as

immunoregulatory  cytokine.?*3*

Moreover, IL-10 reduces IFN-y and TNF-a
expression in NK cells and the expression of various proinflammatory cytokines, such
as IL-1, IL-6, IL-8, IL -12 and TNF-a in macrophages.’®! The results of the present
study showed that incubation with HHA and LHA was unable to significantly affect
the expression of IL-10 by monocytes stimulated with P. gingivalis, suggesting that
HA action is not by direct induction of anti-inflammatory cytokines expression in
periodontal sites.

Studies suggest that inflammatory action of high molecular weight HA
molecules is due in part by the inhibition of diffusion of inflammatory mediators such
as prostaglandins, metalloproteinases and other bio-active molecules present in the
extracellular matrix, making the cellular communication.®" penetration of bacteria and
bacteria-cell interactions difficult.* Furthermore, it has been demonstrated
antimicrobial effect of HA for P. gingivalis, Aggregatibacter actinomycetemcomitans
and Prevotella intermedia.>” %

Although this study has shown the ability of high and low molecular weight HA
to prevent the increase of IL-1p expression induced by P. gingivalis in intermediate
monocytes, the antiinflammatory effect of HA in sites with periodontal disease
appears to involve other mechanisms non-dependent modulation of the direct action

of cytokines in immunocompetent cells stimulated by periodontopathogen.
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Figure 1 - Percentage of positive cells and median fluorescence intensity (MFI) of
cytokines in CD14+ monocyte population.

* Indicates significant difference compared to control group. One-way ANOVA with repeated measures
test followed by Tukey post hoc test at 5% significance level.

a Lowercase letter represent significant differences between different treatments with cells not
stimulated with P. gingivalis or between cells stimulated with P. gingivalis. One-way ANOVA with
repeated measures test followed by Tukey post hoc test at 5% significance level.
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Figure 2 - Percentage of positive cells and median fluorescence intensity (MFI) of

cytokines in CD14"CD16™ monocyte subpopulation.

* Indicates significant difference compared to control group. One-way ANOVA with repeated measures
test followed by Tukey post hoc test at 5% significance level.

a Lowercase letter represent significant differences between different treatments with cells not
stimulated with P. gingivalis or between cells stimulated with P. gingivalis. One-way ANOVA with
repeated measures test followed by Tukey post hoc test at 5% significance level.
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Figure 3 - Percentage of positive cells and median fluorescence intensity (MFI) of

cytokines in CD14"CD16" monocyte subpopulation.

* Indicates significant difference compared to control group. One-way ANOVA with repeated measures
test followed by Tukey post hoc test at 5% significance level.
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8 CONSIDERACOES FINAIS

Embora o AH seja capaz de se ligar aos mondcitos, nossos dados sugerem que o efeito
clinico anti-inflamatorio observado em estudos prévios, ndo envolve inibicdo da expressao de
moléculas de superficie e citocinas pro-inflamatorias. Estudos adicionais envolvendo sua
atividade microbicida e também andlises in vitro com outros periodontopatdégenos envolvidos

na doenca periodontal sdo necessarios.
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