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RESUMO

O acido hialurénico (AH) é um polissacarideo da matriz extracelular que tem sido
utilizado como adjuvante no tratamento da gengivite e da doenca periodontal com
resultados clinicos satisfatorios. Diversos estudos mostraram que o AH interfere em
processos biolégicos como inflamacéo, angiogénese, diferenciagcéo celular e reparo
tecidual. Entretanto, pouco se sabe sobre o efeito do AH nas caracteristicas
fenotipicas e funcionais de células imunocompetentes estimuladas por produtos de
periodontopatdégenos. O objetivo desse trabalho foi avaliar o efeito do AH na
expressdo de moléculas envolvidas na resposta imune em mondécitos humanos
estimulados in vitro por lipopolissacarideos de Porphyromonas gingivalis (Pg-LPS).
Para isso, células mononucleares de sangue periférico de nove individuos foram
estimuladas com Pg-LPS e em seguida incubadas com AH. Por meio de reacdes de
imunofluorescéncia e citometria de fluxo foi avaliada a expressdo das moléculas
CD11b, CD80, CD86 e HLA-DR na populacédo de mondcitos totais e fenotipicamente
marcados para CD14. Os testes estatisticos ANOVA um critério com repeticdo e
post hoc de Bonferroni mostraram que a adicdo de AH aumentou as frequéncias de
mondcitos CD14" expressando CD11b e CD86 em relagdo ao grupo estimulado
apenas com LPS. Além disso, aumentou também a intensidade de expressao de
CD11b na populacéo total de mondcitos. Nossos resultados sugerem que AH pode
afetar a co-estimulacdo de linfécitos T e a adesdo de mondcitos estimulados por

LPS de P. gingivalis, uma vez que influencia a expressédo de CD86 e CD11b.

Palavras-chave: Acido hialurbnico. Porphyromonas gingivalis. Mondcitos.

Comunicacao celular. Adeséo celular.



ABSTRACT

Hyaluronic acid (HA), a natural occurring glycosaminoglycan, has been recently used
in the treatment of periodontal disease, and the clinical results are encouraging. In
fact, several studies demonstrated that HA interferes with biological processes such
as inflammation, angiogenesis and cell differentiation, thus influencing tissue repair.
However, the impact of HA on phenotypic and functional characteristics of
immunocompetent cells stimulated with oral pathogen products remains unclear. The
aim of this study was therefore to evaluate the effect of HA on total monocytes, as
well as CD14+ monocyte subpopulations, stimulated with lipopolysaccharide (LPS)
derived from Porphyromonas gingivalis. Mononuclear cells from peripheral blood of
nine healthy subjects were stimulated with P. gingivalis LPS and then incubated with
HA. The surface expression of CD11b, CD80, CD86 and HLA-DR were quantified by
flow cytometry. The incubation with HA increased the frequency of LPS-stimulated
CD14+ monocytes expressing CD11b and CD86. It also increased the intensity of
CD11b expression on total monocytes. Our data suggest that HA may affect T-cells
costimulatory signaling and monocytes adhesion processes, as it alters the
expression of CD11b and CD86 on monocytes exposed to P. gingivalis LPS.

Keywords: Hyaluronic acid. Lipopolysaccharides. Porphyromonas gingivalis.

Monocytes. Cell adhesion molecules. Cell surface receptors
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1 INTRODUCAO

O &cido hialurénico (AH) € um componente da matriz extracelular que
participa dos processos de migracao e proliferacéo celular, influenciando ativamente
o reparo tecidual (BANSAL; KEDIGE; ANAND, 2010; TAMARI et al., 2011). Além
disso, tem efeitos anti-inflamatério e bacteriostatico (CAMPO et al.,, 2012;
PIRNAZAR et al., 1999). Devido as suas proprieadades biologicas, a aplicacéao
clinica do gel de AH no tratamento periodontal tem sido objeto de intensa
investigacdo (BOGAERDE, 2009). No entanto, a forma como o AH atua nos
processos imunoinflamatérios do microambiente gengival ainda ndo foi
completamente esclarecida. Assim, o conhecimento das caracteristicas fenotipicas e
funcionais de leucdécitos expostos ao AH é importante para entender os eventos
biolégicos associados as suas propriedades clinicas. O presente estudo avaliou o
efeito do AH na expressdo de moléculas de superficie em mondcitos estimuladas
com lipopolissacarideo (LPS) de Porphyromonas gingivalis. Esse estudo visa
contribuir para a melhor compreensdo da acdo do gel de AH no tratamento da

doenca periodontal.

1.1 Acido hialurénico

O &cido hialurdnico foi descoberto em 1934 por Karl Meyer e John Palmer, na
Universidade de Columbia, New York (VEDAMURTHY, 2004). Eles isolaram a
substancia a partir do humor vitreo de olho bovino. O AH é um polissacarideo linear
natural, biocompativel e hidrofilico (JIANG; LIANG; NOBLE, 2007; BANSAL;
KEDIGE; ANAND, 2010). O AH pode ser de alto peso molecular (3000-4000 kDa) ou
de baixo peso molecular (20 kDa) (SADOWITS et al., 2012), pertencendo a um
grupo de substancias conhecidas como glicosaminoglicanas. Esta presente no fluido
sinovial, mesénquima embrionario, corpo vitreo, pele e muitos outros 6érgdos e
tecidos do corpo humano (BANSAL; KEDIGE; ANAND, 2010), ocorrendo
principalmente na matriz extracelular do tecido conjuntivo. A concentragéo de 4cido
hialurdnico livre no tecido é relativamente baixa. No entanto, os niveis de AH s&o
drasticamente elevados quando rapida regeneracdo e proliferacdo celulares séo
requeridas, como na resposta a leséo tecidual e também durante a embriogénese
(ASLAN; SIMSEK; DAY!I, 2006).
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Vérias células possuem receptores de superficie para o AH, sendo o CD44 o
mais significativo. Outros ligantes descritos séo o RHAMM (receptor de AH de
motilidade), HARE (envolvido com a endocitose) e LYVE-1 (expresso no endotélio
linfatico) (BANSAL; KEDIGE; ANAND, 2010). Além disso, 0 AH também ¢é capaz de
interagir com os TLRs (toll like receptors) (JIANG; LIANG; NOBLE, 2007), podendo
dificultar a ligacdo TLR/LPS, modulando assim a resposta inflamatéria (CAMPO et
al., 2012).

Através da sua interagdo com componentes da matriz e com células, o AH
desempenha vérios papéis bioldgicos. Atua na regulacdo da pressdo osmatica e
lubrificacdo dos tecidos (LAURENT et al., 1995), mantendo a integridade estrutural
(BANSAL; KEDIGE; ANAND, 2010). A sua caracteristica viscoelastica serve como
barreira a difusdo de macromoléculas (PISTORIUS et al., 2005), podendo assim
retardar a penetracéo de virus e bactérias (BANSAL; KEDIGE; ANAND, 2010). Sua
funcdo varia desde acdo puramente estrutural até a regulacdo génica por meio da
ligacdo a receptores celulares (BANSAL; KEDIGE; ANAND, 2010). A presenca de
AH facilita a migragéo e a diferenciacao celular por meio da interacdo com fatores de
crescimento presentes no intersticio, favorecendo o processo de reparo do tecido
danificado (TOOLE, 2001). Os efeitos do AH estdo associados ao seu tamanho
molecular (FERGUSON et al., 2011), pois o0 numero de unidades funcionais da
molécula confere propriedades biol6gicas distintas, devido a ativacdo de diferentes
vias de transducdo de sinais celulares. Moléculas de AH de alto peso molecular, por
exemplo, tém funcéo de preenchimento tecidual e exibem acédo antiinflamatéria. Ja
moléculas de AH de até 20 MDa estdo envolvidas na ovulacdo, embriogénese e
angiogénese (DICKER et al., 2014). Durante o processo inflamatorio, ja foi descrito
gue o AH de alto peso molecular tem acdo moduladora, podendo alterar a
biodisponibilidade de mediadores inflamatérios e enzimas secretadas na matriz
extracelular (BANSAL; KEDIGE; ANAND, 2010). Além disso, tem efeito protetor
contra radicais livres, capazes de danificar células e perpetuar o processo
inflamatorio (PRESTI; SCOTT, 1994).

As excelentes propriedades fisicas, quimicas e biolégicas do AH encorajaram
a investigacao do seu uso no tratamento reparador tecidual e os resultados tem sido

promissores.
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1.2 Utilizagao clinica do AH

O gel de AH tem sido utilizado na area médica para o tratamento de diversas
doencas inflamatérias (BANSAL; KEDIGE; ANAND, 2010). Na odontologia, o AH é
amplamente utilizado no tratamento de feridas e inflama¢des na mucosa bucal, além
da doenca periodontal (NOBRE; CARVALHO; MALO, 2009; NOLAN et al., 2006;
PARK et al., 2010; PISTORIUS et al., 2005).

Diversos estudos avaliaram os efeitos clinicos da utlizacdo do &cido
hialurénico como adjuvante no tratamento da gengivite e periodontite. A aplicacao
clinica na forma de membranas e géis de AH durante a terapéutica cirdrgica pode
reduzir a contaminacao bacteriana no local da ferida, diminuindo o risco de infeccéao,
e promover a regeneracao tecidual de modo mais previsivel (PADMA et al., 2013).
Chauhan et al. (2013) avaliaram os efeitos do AH como adjuvante nos
procedimentos de raspagem e alisamento radicular (RAR) durante tratamento da
periodontite crénica. Seus resultados preliminares mostraram que o0 uso de gel de
AH e de clorexidina pode melhorar significativamente os beneficios clinicos da RAR.

Bogaerde (2009) investigou a eficacia clinica do AH para tratamento de
defeitos periodontais profundos. Apds alisamento radicular, o AH na forma de fibras
foi colocado para preencher completamente os espacos do defeito ésseo. Um ano
apos o tratamento, foi observada reducao da profundidade de bolsa periodontal e
ganho de insercao.

Pilloni et al. (2011) avaliaram a eficacia de um biogel a base de AH no
tratamento periodontal. Foram avaliados parametros como diminuicdo de
sangramento, reducéo de profundidade a sondagem, reducéo do indice de placa e
ganho de insercdo. Os pacientes foram devidamente instruidos sobre a higienizagéo
diaria e avaliados apds 7, 14 e 21 dias. Em todos os fatores avaliados obteve-se
melhores resultados no grupo tratado com AH e nado foram relatadas reacdes
adversas. Assim, foi possivel concluir que o tratamento com AH reduz a inflamacao
gengival e melhora os parametros clinicos periodontais.

Briguglio et al. (2013), em um estudo randomizado, avaliaram o efeito da
utilizacdo de AH (Hyaloss matrix, Meta G.C.M) para tratamento dos danos causados
pela periodontite. Foram selecionados 40 pacientes com defeitos infra-osseos
periodontais de duas paredes. Os defeitos foram divididos aleatoriamente em dois

grupos: sitios tratados com AH e sitios tratados com cirurgia de retalho, e
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observados por um periodo de 24 meses. Avaliagbes clinicas e radiograficas
revelaram que o tratamento com AH ofereceu beneficios estatisticamente
significativos quanto a profundidade de sondagem e ao nivel clinico de insercéo.
Eick et al. (2013) descreveram o efeito da aplicacdo do gel de AH em
pacientes com periodontite. Eles observaram variaveis clinicas e também o infiltrado
bacteriano subgengival. Foram selecionados 34 individuos. No grupo teste (n = 17),
o gel de AH foi aplicado durante as primeiras 2 semanas ap0s a raspagem e
alisamento radicular. O grupo controle (n = 17) foi tratado apenas com raspagem e
alisamento radicar. Profundidade de sondagem e nivel de inser¢do foram avaliados
por um periodo de 6 meses. Em ambos os grupos houve beneficio significativo nos
parametros clinicos, sendo que no grupo tratado com AH os resultados foram ainda
melhores. A contagem de bactérias apés o periodo de 6 meses foi significativamente
reduzida no grupo teste, enquanto no grupo controle Prevotella intermedia e
Porphyromonas gingivalis tiveram seu nimero aumentado. Portanto, a aplicagdo de
gel AH como adjuvante no tratamento periodontal pode ter efeitos positivos em
parametros clinicos, além de dificultar a recolonizacéo por periodontopatégenos.
Fawzy et al. (2012) avaliam clinicamente o efeito da aplicacao local de gel de
AH em conjugacao com a cirurgia periodontal. Quatorze pacientes com periodontite
cronica foram incluidos neste estudo. Apdés terapia periodontal ndo cirdrgica inicial e
reavaliacdo, realizou-se cirurgia utilizando a técnica Widman modificado (MWF)
associada a aplicacdo local de gel. No grupo teste foi aplicado gel de AH a 0,8%
(Gengigel, Ricerfarma, Milan, Italy), enquanto no grupo controle foi aplicado placebo.
Os grupos foram avaliados logo apés a cirurgia e ap6s 3 e 6 meses. Os parametros
utilizados foram nivel de insercgéo clinica, profundidade da bolsa, recessdo gengival,
indice de sangramento e indice de placa. Observou-se uma diferenca estatistica
significativa entre os grupos teste e controle apds 3 e 6 meses, onde o grupo teste
apresentou maior ganho de nivel de insercdo clinica e reducdo da recessdo
gengival. Os outros parametros ndo mostraram diferenca estatistica significativa.
Mesa et al. (2002) avaliaram clinica e histologicamente o efeito do gel de AH
no tratamento da periodontite. Um desenho de boca dividida foi utilizado, aplicando-
se aleatoriamente o gel para um quadrante e um placebo para a contralateral. Foram
realizadas biopsias gengivais em 28 pacientes com doenca periodontal. Os autores

concluiram que o gel de AH reduz a proliferagdo celular de fibroblastos e linfocitos,
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diminui o processo inflamatdrio, e propicia melhora clinica em pacientes com

periodontite.

1.3 Moléculas de superficie celular envolvidas nas respostas

imunoinflamatérias

O sistema imune é composto de duas subdivisdes principais: o0 sistema imune
inato e o sistema imune adaptativo. O sistema imune inato consiste na primeira linha
de defesa contra microrganismos enquanto que o sistema imune adaptativo age
como uma segunda linha de defesa e também protege contra nova exposicdo ao
mesmo patdgeno. As células caracteristicas da resposta inata Ssdo 0s
mondcitos/macrofagos, células dendriticas (DCs), neutrofilos e células natural Killer.
Durante a resposta imune adaptativa, incluem-se os linfécitos B (LB) e linfécitos T
(LT) ao conjunto celular presente no tecido afetado (CRUVINEL et al., 2010).

A inflamacdo é um processo complexo associado a resposta imunoldgica.
Inicialmente, a alteracdo da microcirculacdo possibilita 0 extravasamento de plasma
e a diapedese de leucdcitos para o tecido agredido (BRASILEIRO-FILHO, 2009). No
sitio inflamatorio, as células imunocompetentes desempenham atividades biol6gicas
préprias, que sao dependentes da comunicacédo intercelular. Na inflamacéo aguda,
predominam elementos da resposta imune inata, sendo as principais células os
neutréfilos e macrofagos. Na inflamacdo crénica, em geral ocasionada pela
persisténcia do estimulo agressor, o processo inflamatério se mantém e sofre
mudancas qualitativas, ocorrendo alteracdo progressiva nos elementos celulares e
sollveis que infiltram a regido afetada (ABBAS; LICHTMAN, 2007). O tecido
apresenta um infiltrado composto principalmente por células mononucleares
(macrofagos e linfécitos), além de indicios de angiogénese e fibrose (CRUVINEL et
al., 2010). A permanéncia do agente agressor leva a cronificacdo do processo,
havendo concomitancia de destruicdo e reparo teciduas, onde o desequilibrio leva a
perda de tecido. Um exemplo classico € a periodontite. As alteracfes patoldgicas
que caracterizam as manifestacdes clinicas dessa doenca sdo, em grande medida,
resultado da resposta inflamatoéria crénica (YUCEL-LINDBERG; BAGE, 2013). Na
doenca periodontal, portanto, a inflamacéo € responsavel ndo so pela protecéo, mas

também pelo dano causado ao periodonto.
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As células da resposta imune inata possuem receptores de reconhecimento
capazes de identificar padr6es moleculares gerais encontrados nos patdégenos
(pathogen-associated molecular patterns - PAMPs). O LPS é um componente da
membrana das bactérias gram-negativas e um exemplo classico de PAMP. Entre os
periodontopatogenos, encontra-se o P. gingivalis, bactéria altamente virulenta, gram-
negativa e intimamente associada a periodontite (MYSAK et al., 2014). O LPS
derivado de P. gingivalis (Pg-LPS) é capaz de ativar o sistema imune, estimulando a
producdo de mediadores inflamatorios, como citocinas, e a expressdo de moléculas
de superficie (DARVEAU et al., 2004).

Macrofagos e células dendriticas sdo células apresentadoras de antigeno
(APC) profissionais que monitoram continuamente o ambiente através da
internalizacdo de particulas e produtos soluveis (BANCHEREAU; STEINMAN, 1998).
Essas células sdo responsaveis por conectar o sistema imune inato ao adaptativo ao
tornar o antigeno “visivel” para o linfécito T (JANEWAY; MEDZHITOV, 2002). Uma
caracteristica das APCs é a expressao de moléculas do complexo principal de
histocompatibilidade-Il (MHC-II), dentre elas o HLA-DR. A sensibilizagdo dos LT
auxiliares requer a interacdo entre o seu receptor (TCR) e o complexo antigeno-
MHC presente nas APCs (ABBAS; LICHTMAN, 2007). O aumento da intensidade de
expressdo da HLA-DR é um indicativo de ativacdo de APCs (RAZMA et al., 1984,
STIEHM et al.,, 1984) e, em tecidos gengivais saudaveis, sua expressao nao é
frequente (BISSON-BOUTELLIEZ et al., 2001).

Além da ligacdo do complexo antigeno-MHC ao TCR, os LT necessitam de
um segundo sinal, dado por moléculas co-estimulatérias, para gue ocorra sua
ativagcdo e a resposta seja otimizada. A via co-estimulatéria mais conhecida
corresponde a ligagdo das moléculas da familia B7 (B7-1 e B7-2) nas APCs as
moléculas da familia CD28 (CD28 e CTLA-4) nos LT (WANG; CHEN, 2004). A
ligacdo das B7 ao CD28 estimula a ativacdo de LT, a producdo de citocinas e
impede o estado de energia (LINSEY; LEDBETTER, 1993). A ligacdo ao CTLA-4
tem caracteristica inibitoria, regulando o acesso de CD28 aos ligantes B7 (WALKER,;
SANSOM, 2015). O fato de CD28 e CTLA-4 dividirem os mesmos 2 ligantes, CD80
(B7-1) e CD86 (B7-2), levanta a questao sobre a capacidade estimulatéria e inibitoria
dessas moléculas (SANSOM; MANZOTTI; ZHENG, 2003). CD80 e CD86 sao
glicoproteinas da membrana estruturalmente semelhantes e estdo ausentes ou
expressas em niveis baixos nas APCs em repouso (ABBAS;LICHTMANN; PILLAI,
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2008). Durante o processo de ativacao, essas moléculas passam a ser expressas na
superficie celular (SOUZA et al., 2007). Em geral, a expressdo de CD86 é mais
abundante do que a de CD80 (MANZOTTI et al., 2006). Por outro lado, CD80 parece
ter maior avidez de ligagdo a ambos os receptores, quando comparado ao CD86
(WALKER; SANSOM, 2015), fato que poderia compensar a sua menor expressao.
Um estudo realizado por FIELDS et al. (1998) indicam que a ligacdo do CD80 ao
CD28 é mais potente em termos de capacidade de ativacdo celular, quando
comparada a CD86. Interessantemente, CD80 e CD86 tem maior afinidade pelo
CTLA-4 (LINSLEY et al., 1994; van der MERWE, 1997). Sabendo-se que CTLA-4 se
liga aos mesmos ligantes de CD28, mas com maior avidez, pode-se ponderar que
esse sistema opera de forma integrada (WALKER AND SANSOM, 2015). Sendo
assim, o equilibrio entre a expressdo de CD28 e CTLA-4 nos LT e a expressao de
CD80 e CD86 na superficie das APCs parece ser fundamental para o controle da
intensidade e duracéo da resposta imunoldgica.

Macrophage antigen-1 (Mac-1, CD11b/CD18) € um importante membro das
integrinas B2, moléculas de adesdo expressas na superficie de leucoécitos (ABBAS;
LICHTMANN; PILLAI, 2008). Seus ligantes sao intracellular adhesion molecule 1
(ICAM-1) e ICAM-2 (ALTIERI; EDGINGTON, 1998). Mac-1 desempenha papel
importante no processo de recrutamento leucocitario, interagindo com seus
receptores no endotélio vascular (ALTIERI; EDGINGTON, 1998; DIAMONT et al.,
1990; ALTIERI et al., 1990). Uma vez estabelecida a ligacdo estavel, mondcitos e
neutréfilos podem responder ao estimulo quimiotatico provido por mediadores
soluveis, atravessando a parede das vénulas e dirigindo-se para o sitio inflamatorio
(NIELSEN et al., 1994). Mac-1 participa também do processo de locomocao dos
leucdcitos na matriz extracelular por meio da interacdo com diversos tipos de
ligantes, tais como fibronectina, colageno e laminina (THOMPSON; MATSUSHIMA,
1992; SMITH et al.,, 1989). O processo de ativacdo celular modifica o perfil de
moléculas de adesdo expressas pelas células (MARLIN; SPRINGER, 1987;
STAUNTON; DUSTIN; SPRINTER, 1989). Seu papel na migracao de linfocitos ndo é
claro, mas foi demonstrado que CD11b também é expresso na superficie de células
T CD8", onde atua na migracéo celular (KAWAI et al., 2004).

Moléculas de superficie como a HLA-DR, CD80, CD86 e CD11b auxiliam nos
processos de migracao celular e na conexdao entre a resposta imune inata e

adaptativa. Ademais, sao extremamente importantes no estabelecimento e



20

manutencdo de interacdes celulares. Portanto, a expressao diferencial dessas
moléculas pode constituir um fator importante na determinacdo da acao biolégica do

AH no processo imunoinflamatorio periodontal.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar o efeito do acido hialurénico na expressao de moléculas de superficie
envolvidas na resposta imune por mondcitos humanos, in vitro, estimulados por

lipopolissacarideo de Porphyromonas gingivalis.

2.2 Objetivos especificos

a) determinar a frequéncia de mondcitos expressando CD80, CD86, HLA-DR e
CD11b apos estimulacdo com LPS de P. gingivalis e apés incubacdo com
acido hialurénico, comparando entre 0s grupos;

b) determinar a frequéncia de mondcitos fenotipicamente identificados pelo
marcador CD14, expressando CD80, CD86, HLA-DR e CD11b apos
estimulacdo com LPS de P. gingivalis e apds incubacdo com &cido

hialurénico, comparando entre 0s grupos.
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3 ARTIGO

Acido hialurénico altera a expressdo de moléculas de superficie em mondcitos

humanos estimulados com LPS de P. gingivalis

Os resultados desse trabalho foram compilados na forma de artigo a ser
submetido a revista European Journal of Oral Sciences (Qualis B1l). O texto
encontra-se na lingua portuguesa e, apds consideracdes da banca, sera redigido na
lingua inglesa, de acordo com as normas do periddico, que podem ser acessadas
em:
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)16000722/homepage/ForAuthors
.html.
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Abstract

Hyaluronic acid (HA) is a glycosaminoglycan that occurs naturally and has been used
as an adjuvant in the treatment of gingivitis and of periodontal disease with
satisfactory clinical results. Several studies have shown that HA interferes with
biological processes such as inflammation, angiogenesis, cell differentiation and
tissue repair. However, little is known about the effect of HA on phenotypical and
functional  characteristics of  immunocompetent cells  stimulated by
periodontopathogen products. The objective of this study is to evaluate the effect of
HA on the expression of molecules involved in the immune response by human
monocytes stimulated in vitro by lipopolysaccharides of Porphyromonas gingivalis
(Pg-LPS). Thus, mononuclear cells of peripheral blood of nine individuals were
stimulated with Pg-LPS and then incubated with HA at 0.2%. By means of
immunofluorescence reactions and flow cytometry, the expression of molecules
CD11b, CD80, CD86 and HLA-DR was evaluated in the population of total
monocytes and those phenotypically labeled for CD14. Statistical tests, ANOVA, a
criterion of repetition, and Bonferroni post hoc have shown that the addition of HA
increased the frequencies of CD14" monocytes expressing CD11b and CD86 when
compared to the group stimulated only with LPS. Moreover, it increased the intensity
of the expression of CD11b in the total population of monocytes. Our resultas have
suggested that HA may affect the costimulation of T lymphocytes and the adhesion
of monocytes stimulated by LPS of P. gingivalis, once it plays a role in the expression
of CD86 and CD11b.

Keywords: hyaluronic acid; Porphyromonas gingivalis; Monocytes; Co-stimulation;

adhesion molecules.
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Introduction

The periodontal disease is a chronic inflammatory condition of infectious
nature, which affects protective and support periodontal tissues, affecting most of the
world population. This inflammation represents a response of the organism facing the
bacterial attack. Although several periodontopathogens are able to directly damage
the host’s tissue, tissue damage occurs mainly due to the inflammatory process
resulting from this aggression (1). Therefore, immunocompetent cells play a
fundamental role in the pathogenesis of the periodontal disease, because, although
they act as a protective factor, they may also act in the destructive process of the
periodontium (2). In the periodontal disease, the persistence of the aggressive
bacterial stimulation maintains the chronic inflammatory state, which includes
immunocompetent cells such as macrophages and lymphocytes (3). The
identification of microbial products by macrophages and dendritic cells leads to the
cell activation and increase in the expression of surface molecules such as HLA-DR,
CD80, CD86, CD40 and CD11b, which help in the cell migration and activation and in
the link between innate and adaptive immune responses (4,5). These molecules
serves as potent co-stimulators for the activation and function of lymphocytes (4,5).

The treatment of the periodontal disease aims at controlling bacterial
contamination and repairing tissues that were damaged during the pathological
process (6,7). In order to be more effective, new techniques and products have been
suggested, among which is the local application of hyaluronic acid (HA) (8).
Hyaluronic acid is a linear polysaccharide, which occurs naturally, is biodegradable,
biocompatible and highly hydrophilic (9). Although it is a simple polysaccharide, it has
several biological functions triggered by means of its binding to cell surface

receptors, activating signaling pathways, which regulate cell adhesion, migration,
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proliferation and differentiation (10). Molecules of HA may have different molecular
weights according to the number of functional molecular units. The difference of
molecular size confers distinct biological proprerties, due to the activation of different
cell signal transduction pathways (11). In its native form, HA with a high molecular
weight promotes tissue repair, in addition to having bacteriostatic and anti-
inflammatory properties (10,12,13). Therefore, applying an HA gel may help in tissue
healing.

Recent studies obtained positive results by using HA gel as an adjuvant in the
treatment of the periodontal disease. Some authors have seen an increase in the
conjunctive insertion when HA was associated with the surgical treatment (14,15).
Other studies had better results when associating the addition of HA to root scaling
and planing (16,17,18). Similarly, some authors have shown an advantage in the
topical administration of HA in the treatment of gingivitis and periodontitis (19,20).
Other authores (8) verified that the use of an esterified HA, as fibers, increased the
effectiveness of the treatment of deep periodontal defects, reducing the periodontal
pocket depth and insertion gain. Furthermore, the clinical application of HA during
surgery may induce the bacterial contamination at the wound site, reducing the risk
of infection and promoting tissue regeneration more predictably (21).

Although several studies have shown that desired clinical results associated
with the use of HA may help in the treatment of the periodontal disease, its effect in
immunoinflammatory mechanisms has not been elucidated yet. Thus, the objective of
the present study was to analyse the influence of HA in the frequency and intensity of
the expression of surface molecules HLA-DR, CD80, CD86 and CD11b by human
monocytes stimulated by Pg-LPS. Results from this investigation suggest that HA

may affect the co-stimulation of T lymphocytes and the adhesion of monocytes
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stimulated by LPS of P. gingivalis, by means of stimulating the expressions of CD86

and CD11b.

Material and Methods

Approval by the Research Ethics Committee
This study was approved by the Research Ethics Committee of “Pontificia
Universidade Catdlica de Minas Gerais”, Belo Horizonte, Brazil (CAAE:

22097313.0.0000.5137).

Cultures of PBMC with P. gingivalis and hyaluronic acid

Nine adult individuals without the disease and with no use of medicines able to
interfere with the immunoinflammatory response were recruited for this study. Twenty
mL of blood were collected from each individual and stored in heparinized vacutainer
tubes (Beckton & Dickinson). Immediately afterwards, blood was diluted in phosphate
buffered saline (PBS) in a ratio of 1:1 and applied on 10mL of Ficoll-Paque
(Pharmacia). After centrifugation for 40 minutes, 200g, at 20°C, peripheral blood
mononuclear cells (PBMC) were collected and washed 3 times with PBS. After
counting in the hemocytometer chamber, CMSP were resuspended for 1.5x10°
cells/mL in a complete medium: Rosewell Park Memorial Institute (RPMI 1640)
(Sigma Aldrich), 2mM of L-glutamine, 100UI/mL of penicillin G potassium, 100ug/mL
of streptomycin and 5% of normal human serum. Cells were transferred to 4mL
polypropylene tubes and submitted to three treatments: 1) Control; 2) LPS and 3)
LPS+HA. In the control group, CMSP were maintained in complete RPMI. In groups
LPS and LPS+HA, CMSP were incubated for 6 hours in an incubator at 36°C and 5%

of CO,, with 200ng/mL of lipopolysaccharide (LPS) of Porphyromonas gingivalis
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(Lot# LPG 34-23) (InvivoGen, San Diego, CA, USA). Then, hyaluronic acid with a
high molecular weight was added in the LPS+HA group (Jiangxi Pharmaceutical
Group Corporation - JXPGC, Jiangxi, China) at a final concentration of 0.2% in

culture. Thus, CMSP remained for over 20 hours in culture.

Immunofluorescence reactions and flow cytometry

For immunofluorescence reactions, a protocol similar to that described by
other authors was used (22). After different treatments, 2x10° CMSP were
transferred to each well of a 96-well U-bottom plate and washed with PBS. Then,
combinations of monoclonal antibodies were added diluted in PBS 0.015M, pH 7.4,
containing 1mM azide and 0.25% of bovine serum albumin (BSA): anti-CD14 bv421
(clone M5E2, BiolLegend), anti-CD80 PE Cy-7 (clone 2D10, Biolegend), anti-CD86
PE Cy-5 (clone IT2.2, eBioscience), anti-CD11b FITC (clone ICRF44, eBioscience)
and anti-HLA-DR FITC (clone G46-6, BD Pharmingen). After 15 minutes of
incubation at 4°C, cells were washed with PBS and resuspended in PBS buffer with
2% of formaldehyde, 0.5% of BSA and 2mM azide. For all immunofluorescence
reactions, isotype controls (negative controls) were added conjugated with the same
fluorochromes used for labelings.

In order to obtain cytometric data a flow cytometer FACSCanto™Il was used
(Becton Dickinson, New Jersey, USA), obtaining data from 70,000 cells in each tube
analysed. By means of a chart of size versus granularity, a population of monocytes
was selected. Within this selected population, the population of CD14 positive was
determined. Then, positive cells were quantified for each surface antigen evaluated
in the total population of monocytes and in the populations of CD14+ and CD14-

monocytes, with results being expressed in percentage. Intensities of
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immunolabeling of surface molecules in the total population of monocytes and results
were expressed as mean intensity of fluorescence (MIF) emitted. All cytometric

analyses were carried out using FlowJo 7.6.5 software (Tree Star Inc., USA).

Statistical Analysis

Tests of D'Agostino and of Pearson have shown the normal distribution of
data. Thus, ANOVA test, a criterion with repetition, followed by Bonferroni post hoc
test were used in order to evaluate whether there are differences among the groups
evaluated, with a level of significance of 5%. Analyses were carried out by means of

the software GraphPad Prism 5.01 (San Diego, CA, USA).

Results

By evaluating the expression of the costimulatory molecule CD80 in the
population of monocytes selected, verified that the total frequency of CD80+ cells
was significantly higher in groups LPS and LPS+HA when compared to the control
group (Table 1). The same was observed when separately analysing subpopulations
of CD14+ and CD14- monocytes (Table 1). Analysis of the intensity of the expression
of CD80 in the population of total monocytes was also larger in the treated groups
than in the control group (Table 2). Incubation with HA has not affected significantly
the frequency or the intensity of the expression of CD80 when compared to the group
only stimulated with LPS of P.gingivalis.

Results for the expression of CD86 have shown that the incubation with LPS
and with LPS+HA significantly reduced frequencies of CD86+ cells both in the
population of total monocytes and in the subpopulation of CD14 negative monocytes

(Table 1). The same occurred with the intensity of the expression of CD86 in these
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two populations evaluated (Table 2). Although the incubation with LPS has also
reduced significantly the frequencies of CD86+ cells in the subpopulation of CD14+
monocytes when compared to the control group, the addition of HA has increased
the frequency of these cells when compared to the group stimulated only with LPS.
However, frequencies of CD86+ cells within the subpopulation of CD14- monocytes
continued significantly lower in the group treated with HA than in the control group
(Table 1).

The frequency of total monocytes expressing HLA-DR was significantly lower
than that in groups LPS and LPS+HA when compared to the control group, whereas
the intensity of expression of this molecule was similar among the groups evaluated
(Table 2). Although frequencies of HLA-DR+ cells in the subpopulation of CD14+
monocytes have been similar among different groups, the analysis of the
subpopulation of CD14 negative monocytes showed that the group LPS+HA had a
lower frequency of cells expressing HLA-DR than the control group (Table 1).

Analysis of adhesion molecule expression CD11b has shown that there were
no significant differences in total frequencies of monocytes expressing this molecule
(Table 1). Analysis of molecule expression intensity (MIF) in total monocytes has
shown that the incubation with LPS reduced the intensity of the expression of CD11b,
whereas the incubation with HA reversed this situation, returning to similar levels to
those of the control group (Table 2). By analysing subpopulations of monocytes
differently labeled for CD14, we verified that the incubation with LPS reduced the
frequencies of CD14+ monocytes expressing CD11b, whereas the addition of HA
increased this molecule in the CD14+ subpopulation at similar levels of those of the

control group (Table 1). In the subpopulation of CD14 negative monocytes, the
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incubation with LPS+HA increased the frequency of cells expressing CD11b when

compared to the control group (Table 1).

Discussion

Knowledge in the phenotypic and functional characteristics of leukocytes
exposed to HA is important to understand biological events associated to their clinical
properties. It has already been shown that HA is able to affect leukocytes, changing
the production of cytokines (23,24).

Data obtained in the present study have shown that the frequency and
intensity of the expression of molecule CD80 was increased by the incubation with
Pg-LPS, in all populations of the monocytes studied. On the other hand, HA has not
changed the frequency of expression or mean intensity of the expression of this
molecule on the monocytes previously stimulated by LPS. In the analysis of the
expression of CD86 in monocytes stimulated by Pg-LPS, a lower frequency of
expression of this molecule was shown when compared to the control. The
incubation with HA reverted this situation, increasing the frequency of the expression
of CD86 in the CD14+ subpopulation. It is interesting to observe that in the present
study, the frequency of cells immunolabelled for CD80 was smaller than that for
CD86 in all groups studied, as reported by other authors (27).

Several studies highlight the importance of CD80 and CD86 in the lymphocyte
co-stimulation (7,28,29). The interaction of these molecules with their ligands CD28
and CTLA-4 in T lymphocytes provides necessary signs to control lymphocyte
activation (7). Molecules CD80 and CD86 are proteins found on the surface of
antigen-presenting cells (APCs), such as macrophages and dendritic cells (30,31).

Whereas the link to CD28 consists of an important co-stimulation for the activation
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and differentiation of naive T lymphocytes, the link to CTLA-4 has an
immunoregulatory nature, by inhibiting the activity of T lymphocytes previously
stimulated by the antigen recognition (32,33). Molecule CD86 has a greater affinity
for the CTLA-4 surface receptor than that by CD28 (33). By increasing the levels of
CD86 in monocytes stimulated by LPS of P. gingivalis without, however, significantly
changing the expression of CD80, HA might contribute to inhibit the activation of T
lymphocytes in the periodontal site, reflecting on less inflammation and a better
control of tissue destruction. On the other hand, a study carried out by some authors
(34) has shown that HA increases the expression of CD80 and CD86 in dendritic
cells, causing the induction of a greater proliferation of T lymphocytes. The study of
phenotypical and functional characteristics of T lymphocytes stimulated by products
of periodontopathogens is required to verify levels of expression of CD28 and CTLA-
4 receptors, as well as the effects of changes in the expression of CD86 in
monocytos induced by HA in the production of cytokines by these lymphocytes.

We have also analysed the influence of LPS-Pg and of HA on the expression
of HLA-DR in monocytes. This molecule is part of the major complex of human
histocompatibility 1l (MHC Il) present on the surface of APCs (35). MHC is involved in
the antigen presentation to T lymphocyte. The sensitization of T lymphocyte requires
the interaction btween its receptor (TCR) and the MHC-antigen complex present in
APCs (36). This is the first sign to start the lymphocyte activation. Therefore, this
marker may be of particular interest to evaluate the cell immunoregulation. Our
results have shown that Pg-LPS reduces the expression of HLA-DR in total
monocytes. The increase of the expression of HLA-DR might be associated with the
activation of APCs (37,38). However, it has aready been shown that the stimulation

of monocytes by parasites and their products reduces the expression of HLA-DR
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(22). The reduction of the expression of HLA-DR in monocytes stomulated by LPS-
Pg might reduce the microbial antigen presentation to CD4+ T lymphocytes,
changing the cell acquired immune response in periodontal sites. HA was not able to
reverse the reduction of the expression of HLA-DR. Further studies are required to
analyse functional characteristics of lymphocytes co-cultivated with monocytes
stimulated by Pg-LPS and to analyse the possible modulation of the lymphocyte
activity by the presence of HA.

A previous study showed a great expression of ICAM-1 adhesion molecule by
endotelial cells in periodontally compromised sites, suggesting the participation of
this molecule in the balance between health and periodontal disease (39). Therefore,
we have decided to evaluate the expression of ICAM-1 ligand, CD11b, in monocytes
stimulated by Pg-LPS and HA. CD11b belongs to the family of integrins and is
expressed on the surfasse of leukocytes. It functionally regulates cell adhesion and
migration during inflammatory response (40). In our study, although no significant
difference was observed in the frequency of total monocytes expressing CD11b after
incubation with LPS or with LPS+HA, intensity of expression (MIF) of this molecule
was significantly reduced by LPS-Pg. The addition of HA significantly reverted the
reduction of intensity of expression of CD11b. When analyzing the subpopulation of
CD14+, we have also verified reduced frequencies of cells expressing CD11b after
incubation with LPS-Pg and reversion of this effect after adding HA. The addition of
HA in the subpopulation of CD14" monocytes also increased the frequency of
CD11b+ cells, when compared to the control group. This set of effects observed after
incubation with HA may contribute to a larger recruitment of monocytes for
periodontal sites, helping to fight the aggressive agent. In a recent literature review,

some authors (41) suggested that the addition of HA stimulates the movement of
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leukocytes from blood vessels to several tissues. Thus, HA may change the cell
migration due to its interaction with its CD44 surface receptor. Our results support
this hypothesis, since HA stimulated greater expression of the CD11b molecule on
the cell surfasse of CD14+ monocytes, and this molecule i salso assoaciated with cell
migration.

In our experiment, HA was used at a concentration of 0.2% with microbial
stimulation by LPS of P. gingivalis. Further experiments in immunoinflammatory
environments stimulated by microbial products of different periodontopathogens and
for different times are necessary to determine the role played by HA in the cell
signaling and its consequences in the pathogenesis of the periodontal disease.

In conclusion, according to our results, HA was able to change the expression
of surface molecules CD86 and CD11b in human monocytes stimulated by LPS of P.
gingivalis. These molecules are important mediators of lymphocyte activation and of
leukocyte recruitment, influencing effector mechanisms of innate and cell immunity.
Thus, changes in the expression of these molecules might change signalling
pathways mediated by immunocompetent cells, modulating the evolution of the

periodontal disease.
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Table 1

41

Frequencies (%) of cells immunolabelled for molecules/cytokines in the population of

negative CD14 monocytes (CD14-).

Parameter Control LPS LPS+HA Value of p*
Mean SD Mean SD Mean SD
Total CD80 6.2 1.8 145 3.8 15 5.7 <0.05*?/ns?
CDS80 in CD14+ 6.2 1.7 102 3.2 10.4 4.4 <0.05*?/ns?
CD80 in CD14- 15.2 5.9 31.8 10.2 26.2 8.1 <0.05*?/ns?
Total CD86 62.7 19 353 127 39.8 15 <0.05*?/ns?
CD86 in CD14+ 727 141 389 104 49 10.5 <0.05 123
CD86 in CD14- 547 21.8 439 188 419 19.1 <0.05*?/ns?
Total HLA-DR 68.2  14.4 60.8 12.4 59.4 146 <0.05*?/ns?
HLA-DR in CD14+ 76 12.8 715 102 748 105 ns -%3
HLA-DR in CD14- 59.9 159 543 16 52.3 16.6 <0.05%/ns™?
Total CD11b 65.9 4.8 64 9.1 60.3 8.9 ns -%3
CD11b in CD14+ 87.6 3.1 81.3 4.1 86.7 3.7 <0.05 **/ns?
CD11b in CD14- 36.7 15.1 467 9.9 50.7 125 <0.05%/ns'?

“Values of p obtained by ANOVA test, a criterion of repetition followed by Bonferroni post hoc test.

ns - not significant (p>0.05)
SD - Standard Deviation

! Medium versus LPS

2 Medium versus LPS+HA
% LPS versus LPS+HA
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Table 2
Mean Intensity of the expression of surface molecules in the total population of
monocytes.
Parameter Control LPS LPS+HA Value of p*
Mean SD Mean SD Mean SD

CD80 MIF 554.6 345 654.6 61 642.2 59.4 <0.05*?/ns?

CD86 MIF 163.9 43.8 1239 356 135.1 422 <0.05*?/ns?
HLA-DR MIF 99.5 25 91.4 22 91.1 207 ns -%3
CD11b MIF 24.5 1.2 228 1.3 24.7 2.1 <0.05**/ns?

"Values of p obtained by ANOVA test, a criterion with repetition followed by Bonferroni post hoc test.

ns - not significant (p>0.05)
SD - Standard Deviation

! Medium versus LPS

2 Medium versus LPS+HA
3 LPS versus LPS+HA
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4 CONSIDERACOES FINAIS

O AH apresenta propriedades biolégicas que melhoram parametros clinicos
periodontais quando utilizado como adjuvante do tratamento da doenca periodontal.
No entanto, o seu efeito nos mecanismos imunoinflamatérios ndo esta
completamente elucidado. O presente trabalho demonstrou que adicdo de AH a
monocitos estimulados com LPS de P. gingivalis alterou a expressao das moléculas
de superficie CD86 e CD11b, as quais desempenham importante papel no
recrutamento leucocitdrio e na co-estimulacdo de linfécitos T, respectivamente.
Dessa forma, é possivel que a ligacdo do AH a receptores de leucdcitos estimulados
por produtos de periodontopatdégenos nos tecidos periodontais afete a expressao de
outras moléculas envolvidas nos processos imunoinflamatoérios. O estudo das
caracteristicas fenotipicas e funcionais de linfécitos T € necessario para verificar se
as alteracdes na expressado de moléculas de superficie de mondcitos induzidas pelo
AH sédo capazes de afetar a atividade linfocitaria. A melhor compreensao sobre os
efeitos do AH na atividade de células imunocompetentes presentes no ambiente
periodontal pode elucidar seus efeitos diretos nos eventos celulares inflamatérios,
além dos efeitos ja& demonstrados sobre bactérias e mecanismos de reparo tecidual.
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ANEXO A — Aprovacdo pelo Comité de Etica em Pesquisa da PUC Minas

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: EFEITO DO ACIDO HIALURONICO NAS CARACTERISTICAS FUNCIONAIS
DE LEUCOCITOS HUMANOS

Pesquisador: Paulo Eduardo Alencar de Souza

Area Temética:

Verséo: 2

CAAE: 22097313.0.0000.5137

Instituicdo Proponente: Pontificia Universidade Catdélica de Minas Gerais - PUCMG

Patrocinador Principal: Financiamento proprio

DADOS DO PARECER

NUmero do Parecer: 436.196
Data da Relatoria: 21/10/2013

Apresentacdo do Projeto:

O &cido hialurbnico (AH) € um componente da matriz extracelular que tem sido utilizado no
tratamento de inflamag®es articulares e da doenca periodontal. Recentemente, foi demonstrado que
aplicacdo de AH em defeitos ésseos acelera a neoformacgéo dssea. Serdo coletados 20ml de sangue
de quinze doadores voluntérios saudaveis através de puncdo de veia periférica, utilizando-se tubos
vacutainer heparinizados. Como critérios de inclusdo, os doadores deverdo ser adultos e
imunocompetentes. Como critérios de exclusdo, os individuos ndo devem estar fazendo uso de
medicacdo que interfira na resposta imunoinflamatdéria, como antiinflamatérios e drogas
imunossupressoras, e ndo apresentar doenca autoimune ou inflamatdria cronica.

Objetivo da Pesquisa:

O objetivo desse estudo é avaliar o efeito do AH nas caracteristicas funcionais de mondcitos e
linfécitos humanos in vitro, comparando as frequéncias de células positivas para os marcadores e a
intensidade de expresséo desses marcadores.

Avaliagcdo dos Riscos e Beneficios:

Riscos: Os individuos voluntarios poderdo sentir desconforto durante a pun¢éo venosa e pode haver
formag&o de hematoma na regido da puncdo. Para minimizar a formacdo de hematoma, devera ser
feita compressédo com algod&o na area, apds puncéo, por cerca de 1 a 3 minutos.

Beneficios: Os resultados desse estudo permitirdo melhor compreensdo dos mecanismos de agéo do
acido hialurénico nas células inflamatérias, o que podera possibilitar novas estratégias terapéuticas
para o tratamento de doencas inflamatdrias, como a gengivite e periodontite.

Comentérios e Consideragdes sobre a Pesquisa:
Temaética interessante, sendo o projeto bem redigido.

Consideracgfes sobre os Termos de apresentacdo obrigatoéria:
Os termos de apresentacédo obrigatéria foram anexados e estdo de acordo com as normas vigentes.



52

Recomendacgdes:

Modificar a seguinte informag@o no TCLE: substituir a frase "A coleta de sangue sera feita por
pesquisador com experiéncia nesse procedimento” para "A coleta de sangue sera realizada pela
Enfermeira Luzia Joana Vilela (COREM-MG 148001), funcionaria do Departamento de Odontologia
da PUC Minas, no Laboratorio de Biologia Oral deste Departamento”.

Conclusdes ou Pendéncias e Lista de Inadequagdes:
Pela aprovacao do projeto, desde que atenda as recomendacdes desse Parecer.

Situacéo do Parecer:
Aprovado

Necessita Apreciacédo da CONEP:
N&o

Consideragdes Finais a critério do CEP
Acatar as recomendacdes do Parecer.

BELO HORIZONTE, 25 de Outubro de 2013

Assinado por:
CRISTIANA LEITE CARVALHO
(Coordenador)



