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RESUMO




O processo inflamatério € uma resposta coordenada que protege o
hospedeiro apds a infeccdo ou trauma, e que envolve diversas reacdes
moleculares. Uma vez que a inflamacao esta intimamente ligada ao processo
de destruicdo da articulagédo temporomandibular, este estudo tem por objetivo
analisar, por meio de analise imuno-histoquimica, a expressdo de IL-6, um
marcador inflamatorio importante em discos articulares temporomandibulares
de pacientes com deslocamento anterior de disco com (ADDwR) e sem
reducdo (ADDwoR) e sua associacdo com a osteoartrose (OA). Quarenta e
dois (n = 42) discos articulares foram divididos em dois cortes: 1) analise 1: 8
de controle, 17 ADDwWR, 17 ADDwoR, e 2) analise 2: sem OA (n = 25 ) e com
OA (n=17). A &rea de imunocoloracao foi comparada estatisticamente entre os
grupos (p<0,05). N&o foram observadas diferencas significativas entre o0s
grupos ADDwR e ADDwoR, e com e sem OA, com respeito a expressao de IL-
6, apds exame imuno-histoquimico. Estudos futuros devem ser realizados com
uma amostra maior, 0 que poderia esclarecer a associacdo do mediador

inflamatorio IL-6 com a disfuncéo da articulacdo temporomandibular.



ABSTRACT
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The inflammatory process is a coordinated response that protects host
after infection or trauma, involving several molecular reactions. Once the
inflammation is closely linked to the process of destruction of the
temporomandibular joint, this study aims to examine, by immunohistochemistry,
the expression of IL-6, an important inflammatory marker, in temporomandibular
articular discs of patients with anterior disc displacement with (ADDwR) and
without reduction (ADDwoR) and its association with osteoarthrosis (OA). Forty-
two (n=42) articular discs were divided into two cutoffs: 1) analysis 1: 8 control,
17 ADDwR, 17 ADDwoR, and 2) analysis 2: without OA (n=25) and with OA
(n=17). The area of immunostaining was compared statistically between groups
(p<0.05). It was not observed significant differences between the groups
ADDwR and ADDwoR, and with and without OA, in respect to the expression of
IL-6 by immunohistochemical examination. Future studies should be conducted
with a larger sample size, which could clarify the association of the inflammatory

mediator IL-6 with temporomandibular joint dysfunction.
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1. INTRODUCAO
1.1 A ARTICULAC}AO TEMPOROMANDIBULAR (ATM)

A articulacdo temporomandibular (ATM) é uma articulagcdo chamada de
ginglimo-artroidal (capaz de realizar movimentos tanto de rotacdo quanto de
translacdo), formada pelas superficies articulares do osso temporal e do
condilo mandibular bilateralmente, sendo separada em um compartimento
superior e inferior por um disco fibrocartilaginoso, e totalmente envolto por uma
capsula articular.

Internamente, a ATM possui uma fina membrana, composta por uma
camada intima de células sinoviais (1-4 células de profundidade) que recobre
todas as superficies internas da articulacdo, com excecao do disco e cartilagem
articular, cuja principal fungdo € a producdo de fluido sinovial, mas também
esta envolvida na rapida difusdo de nutrientes para a cavidade articular, bem
como na fagocitose, na degradacdo e na remocdo de detritos para fora da
articulacéo (TEN CATE, 1994).

O fluido sinovial produzido por estas células possui, além da funcdo de
lubrificar as superficies da articulacao, um papel fundamental na manutencéo e
protecdo da cartilagem articular, bem como o fornecimento de nutrientes
essenciais para os fibrocondrécitos, o que é facilitado pelo movimento da
articulagdo. A falta de movimento articular reduz a difusédo de nutrientes a partir
do liquido sinovial para os fibrocondrocitos que compdem as superficies
articulares. Um dos principais componentes do fluido sinovial é o &cido
hialurénico, motivo pelo qual muitos estudos vém associando seu uso em
articulagbes com osteoartrose, demonstrando melhorar a mobilidade articular e
suprimir a dor e inflamagé&o (NEO et al., 1997).

As articulagbes temporomandibulares se movem em conjunto, e ao
contrario da maioria das articulagbes sinoviais, sdo revestidas por
fibrocartilagem, que é mais resistente a mudangas degenerativas e tem uma
maior capacidade para reparacdo do que a cartilagem hialina presente nas
demais articulagdes (DIMITROULIS, 2005).

Semelhante a outras articulagGes, as articulagbes temporomandibulares
podem se adaptar as demandas funcionais, possuindo enorme capacidade de
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remodelacdo (DIMITROULIS, 2005). Apresentam-se como uma articulacao
duplo-dependente, possuindo um ponto fixo e rigido de inicio e fim de
movimento, que apresenta correlacdo com as estruturas dentarias. Dessa
forma, qualquer alteracdo em uma ATM, com o tempo, acarretara disfungcao na
articulacao contralateral (BROSSARD, 2005).

1.1.1 Disco articular

O disco articular é uma estrutura fibrocartilaginosa, bicdncava,
normalmente avascular e aneural, que divide a articulacdo temporomandibular
em dois compartimentos, um superior juntamente com o0 0sso temporal e outro
inferiormente juntamente com o condilo mandibular, servindo para reduzir o

atrito entre essas superficies 6sseas (Figura 1).

Figura 1: Localizaco da articulagido temporomandibular e seu disco articular.

Fonte: Color Atlas of Temporomandibular Joint Surgery. Peter D. Quinn; Editora Mosby, 1998.

Em um estudo de 1954, Rees (REES, 1954) descreveu a anatomia geral
do disco articular sendo composta por trés zonas: a posterior (+/- 3 mm de
espessura), a intermédia (+/- 1,5 mm de espessura) e a anterior (+/- 2mm de
espessura) (Figura. 2).



Figura 2 - Zonas do disco articular da articulacdo temporomandibular.
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Fonte: Lamela et al.; Non-linear viscoelastic model for behaviour characterization of

temporomandibular joint discs. Experimental Mechanics. 2011, pag. 1435-1440.

A posicdo normal de repouso do disco € tomada com a banda
posterior localizada em "posi¢cdo 12 horas” em relacédo ao céndilo em ocluséo,
com a pressao condilar sendo exercida através da fina zona intermédia sobre a

inclinacdo posterior da eminéncia articular (Figura 3).

Figura 3 - Posi¢éo normal do disco em relagéo ao céndilo mandibular

12:00

Fonte: Color Atlas of Temporomandibular Joint Surgery. Peter D. Quinn; Editora Mosby, 1998.
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O disco da ATM é composto quase inteiramente de colageno tipo 1, com
apenas vestigios de colageno tipo Il (MILAN, KLEBE, TRIPLETT & HERBERT,
1991). Fibras de elastina sdo encontradas em quantidades muito menores em
relacdo ao colagéno e tendem a ser mais prevalentes na superficie superior e
periférica do disco da ATM (KEITH, 1979). As fibrilas de colageno dentro de
uma matriz de glicosaminoglicanos sulfatados sdo projetadas para resistir a
compressdo, bem como forcas de tensdo (ALLEN & ATHANASIOU, 2006).
Devido a sua natureza avascular ou pouco vascularizada, o disco tem uma
capacidade muito pobre de reparo (TEN CATE, 1994).

1.2 DESARRANJOS INTERNOS DA ARTICULACAO
TEMPOROMANDIBULAR

Os desarranjos articulares sdo as desordens mais frequentes nas
articulacbes temporomandibulares e caracterizam-se por uma relacéo
posicional e funcional anormal entre o disco articular e superficies articulares
da ATM, que podem levar de um estagio mais grave a degeneracao
osteoartritica da ATM (CAMEJO et al., 2014; LORETO et al., 2012; KIGA et al.,
2011).

O disco da ATM pode apresentar diferentes niveis de mal
posicionamento (ex. deslocamento lateral ou medial do disco), mas a situacao
que € mais frequente é o deslocamento anterio-medial, devido ao
tracionamento pelo musculo pterigoideu lateral, o que a torna a maior artropatia
temporomandibular. E caracterizada por uma relagdo anormal ou mal
alinhamento do disco articular em relacdo ao coOndilo. Essa condicéo
frequentemente refere-se a um desarranjo interno, o qual interfere com o
movimento suave da ATM, resultando em achados clinicos como dor, sons
articulares e travamento (CAMEJO et al., 2014; LEONARDI et al., 2012;
LORETO et al., 2010; LEONARDI et al., 2010).

As desordens da ATM sdo encontradas mais frequentemente nas
mulheres, sendo que os fatores responsaveis por esta prevaléncia ainda nao
estdo completamente esclarecidos. Estudos recentes vém demonstrando a

influéncia de hormonios sexuais femininos em tais desarranjos, como 0
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estradiol, progesterona e estrogénio (ARNETT et al., 2013; TORRES-CHAVES
et al., 2011; KOU et al., 2011; RIBEIRO DA SILVA et al., 2010).

As diferencas entre alteracOes adaptativas e doencas dependem do
balanco entre eventos moleculares anabdlicos (reparativos) e catabolicos
(destrutivos) nos tecidos afetados. Portanto, a doenca se estabelece quando a

destruicdo supera a reparacao tecidual (Figura 4).

Figura 4. Processo de destruicdo da cartilagem articular da articulacdo temporormandibular.
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capacity reduced
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Kuroda, et al.; Biomechanical and biochemical characteristics of the mandibular condylar
cartilage, Osteoarthritis and Cartilage, 2009, pag. 1408 -1415.

Sons articulares ndo séo necessariamente sinais de degeneragao ou um
indicativo para tratamento. Desarranjos moderados a severos sao observados
sem imagens em mais de 30% da populagéo, assim como 25% dos cliques
articulares mostram discos normais ou levemente deslocados. Somente 5%
apresentam problemas funcionais ou patolégicos que sdo passiveis de cirurgia.
Independentemente de ser agudo ou crénico o deslocamento de disco nao
necessariamente € doloroso e pacientes livres de dor frequentemente nao
requerem tratamento. Terapia é indicada se dor, limitacdo de abertura bucal ou
ambas estiverem presentes.

Os deslocamentos anteriores de disco podem ser mais comumente
agrupados em duas categorias: deslocamento de disco com e sem redugdao,

podendo ser uni ou bilateral. No segundo grupo, muitos autores concluiram
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que o disco da ATM é sujeito irreparavelmente a sobrecargas anormais diretas
e/ou indiretas por um longo periodo, levando a mudancas patolégicas como
remodelamento, displasia e deformacéo (CAMEJO et al., 2014; LORETO et al.,
2010; CAPURSO E MARINI, 2007; MILANI et al., 2003; EBERHAR et al.,
2000).

1.2.1 Deslocamento anterior de disco com reducdao

No deslocamento anterior de disco com reducdo, o disco articular
encontra-se deslocado anteriormente em repouso e, com a abertura de boca,
este disco retorna a posicado anatdmica ideal em relacdo ao condilo (Figura 5).
Nesta condi¢do o disco reduz ou é recapturado na abertura bucal. A reducao
do disco é acompanhada por um som que € frequentemente descrito como um
cligue ou estalo. Com o fechamento mandibular, um segundo som, chamado
de clique reciproco ou som de fechamento, pode ser escutado quando o disco
retorna a posicdo anteriorizada, geralmente associado a dor por compressao
do tecido retrodiscal (zona bilaminar) pelo céndilo, a qual € inervada. (GRAFF-
RADFORD, BASSIUR, 2014).

Figura 5: Deslocamento de Disco com Reducéo. A — Seta demonstrando disco articular

localizado anteriormente em posi¢éo de boca fechada. B — Seta demonstrando disco articular

retornando para sua posi¢ao correta durante movimento de abertura bucal.

Fonte: Color Atlas of Temporomandibular Joint Surgery. Peter D. Quinn; Editora Mosby, 1998.
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1.2.2 Deslocamento anterior de disco sem reducao

No deslocamento anterior do disco sem reducao, o disco se mantém fora
de posicdo durante o movimento mandibular, permanecendo deslocado
anteriormente em todos os movimentos mandibulares, sem ocorrer 0 retorno
deste a posicdo anatébmica ideal em relagdo ao céndilo (Figura 6).

Clinicamente, este processo é frequentemente caracterizado por
reducdo da abertura de boca de, no maximo, 30 mm ou até mesmo impedindo
totalmente a abertura de boca, com trauma continuo na regido retrodiscal,
normalmente associado com dor aguda, com desvio em abertura para o lado

afetado e auséncia de clique articular (GRAFF-RADFORD, BASSIUR, 2014).

Figura 6: Deslocamento de Disco sem Redugédo. A — Seta demonstrando disco articular
localizado anteriormente em posi¢éo de boca fechada. B — Seta demonstrando disco articular

permanecendo em mesma posicéo de boca fechada durante movimento de abertura bucal,

sem ocorrer portanto reducao a sua posic¢ao correta.

Fonte: Color Atlas of Temporomandibular Joint Surgery. Peter D. Quinn; Editora Mosby, 1998.

1.2.3 Osteoartrose

A osteoartrose (OA) € uma desordem degenerativa focal que afeta
primariamente a cartilagem articular e o osso subcondral de articulagbes
sinoviais, como a ATM (STEGENGA, DE BONT, BOERING & VAN WILLIGEN,
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1991). E a condig&o osteoartritica mais comum que afeta a ATM, e mostra alta
prevaléncia em mulheres e idosos (BJORNLAND, GJAERUM, MOYSTAD,
2007; JOHANSSON et al., 2006).

A OA da ATM é caracterizada por varios niveis de inflamacdo da
cartilagem articular e osso (VERNAL et al., 2008; YAMADA et al., 2004;
STEGENGA et al, 1991). Varios mediadores inflamatorios, citocinas,
associadas a destruicdo 0ssea e metaloproteases da matriz (MMPs) tém sido
consideradas como possiveis marcadores ativos de OA na ATM, incluindo a
interleucina 1 beta (IL-1B), a interleucina 6 (IL-6), o interferon gama (INF-y), o
ativador da via NF-kappa-B, o fator de necrose tumoral alfa (TNF-a), a
prostaglandina E; (PGE,), a osteoprotegerina (OPG), as metaloproteinases 2 e
9 (MMP-2, MMP-9), e as agrecanase 1 e 2 (KANEYAMA et al., 2005;
SANDLER et al., 1998; SHAFER et al., 1994).

Na OA da ATM, uma resposta inflamatéria complexa é desenvolvida,
envolvendo a sintese de diferentes citocinas por células sinoviais e
inflamatérias nos tecidos articulares (VERNAL et al.,, 2008; YAMADA et al.,
2004; STEGENGA et al.,, 1991). Durante o inicio e progressdo da doenca,
existe um desequilibrio local entre expressdo de uma citocina especifica e de
seus receptores regulatérios solUveis, que pode ser critico na atividade
biolégica da rede de citocinas. Nessas condicfes, tanto fibroblastos quanto
células sinoviais sdo ativados a expressar MMPs e citocinas, que controlam a
formacao/destruicdo da cartilagem e osso articular, determinando o resultado
clinico da OA na ATM.

Nesse processo, os condrécitos vao morrendo e produzem menor
quantidade de proteoglicanas e de colageno. Em consequéncia disso, 0 0SSO
gque estd embaixo da cartilagem, chamado osso subcondral, reage
espessando-se e dando origem a excrescéncias 6sseas chamadas ostedfitos,
levando a alteracfes osteoartriticas na articulagdo. Sendo assim, o colapso e a
erosdo da superficie articular do condilo mandibular séo sinais indicativos de
osteoartrose.

JA estd bem documentado na literatura que a osteoartrose
frequentemente ocorre em conjunto com os desarranjos internos da ATM (DE
BONT et al., 1986). Entretanto, um estudo de Dimitroulis, em 2005, descreve

que, em apenas 6 articulacbes de 18 (33%) diagnosticadas com desarranjos
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em disco articular, foram encontrados sinais de osteoartrose e sugere que 0
fato de a osteoartrose nao ter sido encontrada em todos os casos poderia ser

justificado pelos desarranjos internos precederem a osteoartrose.

1.3 PROCESSO INFLAMATORIO

A inflamacao tecidual € uma resposta coordenada que protege e cura 0
hospedeiro apds uma infecgdo ou trauma e envolve varias rea¢cdes moleculares
do hospedeiro. A habilidade do hospedeiro em controlar este processo, assim
gue o agente causador da inflamacao seja removido, previne a autodestruicdo
tecidual. Esta autorregulacdo ocorre através de um balanco entre mediadores
pro- e anti-inflamatorios.

Vérios estudos tém demonstrado que o processo inflamatério esta
intimamente ligado ao mecanismo de destruicdo da ATM (JIANG et al., 2013;
LEE et al., 2010; HAMADA et al., 2008; SATO et al., 2003; NISHIMURA et al.,
2002; MALEMUND & GOLDBERG, 1999; SANDLER et al.,, 1998). Com a
estimulacdo inflamatoria, células liberam citocinas, as quais vao desencadear
multiplas cadeias reacionais, culminando com a destruicdo da matriz tecidual,
por acdo das metaloproteases da matriz (MMPSs) (figura 4).

As citocinas s@o proteinas de baixa massa molecular, produzidas por
uma variedade de tipos celulares. Atuam promovendo a indugdo ou regulacéo
da resposta imune. Essas citocinas associadas a inflamacéo incluem IL-6, IL-8,
IL-1B, TNF-a, INF-y, e fator de crescimento tumoral beta (TGF-p) (JIANG et al.,
2013; VERNAL et al., 2008).

Classicamente, o TGF-3; é considerado um fator promotor de fibrose.
Entretanto, alguns autores classificam o TGF-£; como um fator proé-inflamatorio,
uma vez que ele atua como agente quimiotatico para neutréfilos, mondcitos e
linfécitos do sangue (JIAO et al., 2014; JIANG et al., 2013).

Algumas citocinas atuam como potentes agentes anti-inflamatorios,
como por exemplo IL-4, IL-10 e IL-13, que suprimem a producao de IL-1, TNF-
a, IL-8 e moléculas de adesdo vascular (FERNANDES et al.,, 2002;
DINARELLO, 2000).



Vérias citocinas, especialmente a IL-6, estimulam a producdo de
proteinas na fase aguda da inflamacdo, em resposta a estimulos variados;
porém, a IL-6 exibe duas caracteristicas contrastantes. Em modelos de
doengas inflamatdrias cronicas demonstra ser pro-inflamatéria, enquanto em
alguns modelos de inflamacdo aguda exibe um perfil anti-inflamatorio, devido
aos seus efeitos inibitorios sobre TNF-a e IL-1, e ativacdo de IL-1ra e IL-10
(VERNAL et al., 2008; GABAY et al., 2006).

O equilibrio existente entre a producdo de citocinas pré e anti-
inflamatorias tem relacdo direta com a progressdao e duracdo do quadro
inflamatério e, consequentemente, de doencas, como as articulares
(MALEMUND & GOLDBERG, 1999; DINARELLO, 2000; FERNANDES et al.,
2002).

1.3.1 Interleucina 6 (IL-6)

Dentre as citocinas, a interleucina 6 (IL-6), também chamada de
interferon beta 2 (INF-B2) merece destaque devido a sua atividade pro-
inflamatoria (VERNAL et al., 2008; GABAY et al., 2006).

E uma citocina pleiotropica que regula reaces imunoldgicas, inflamacéo
e oncogénese. A IL-6 € produzida por varios tipos celulares, incluindo linfocitos,
monacitos, fibroblastos, células endoteliais e também pela estimulacdo por
outras citocinas, principalmente IL-1 e TNF-a (SOUZA et al., 2008; VERNAL et
al., 2008; GABAY et al., 2006); em contraste, IL-4 e IL-13 inibem sua producéo.

A IL-6 exerce a sua atividade bioldgica através de duas moléculas de
receptores: IL-6R (também conhecida como IL-6Ra, gp80 ou CD126) e gp 130
(também referido como IL-6Rp ou CD130). IL-6R é importante para a fixagdo
da ligacdo, mas como sO tem 82 aminoacidos no seu dominio citoplasmatico
desempenha um papel menor na transducéo de sinal (SHIINA et al., 2012).

O IL-6R pode ser encontrado na forma membranar (tissular) ou na forma
solivel. Quando a IL-6 liga-se a IL-6Rm (IL-6R ligada a membrana), a
homodimerizacdo de gpl130 é induzida, e um complexo receptor funcional de
alta afinidade de IL-6, IL-6R e gp130 é formado. IL-6Rs (IL-6R soluvel), que
nao possui a porcdo intracitoplasmatica de IL-6Rm e é produzido quer por

clivagem enzimética de IL-6Rm por ADAM (uma desintegrina e
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metaloproteinase) -17, ou através de processamento alternativo, também pode
ligar-se com IL-6, e, em seguida, o complexo de IL-6 e IL-6Rs pode formar um
novo complexo com a gpl130. Este sistema de sinaliza¢do do receptor original é

denominado IL-6 trans-sinalizag&o (Figura 7) (SHIINA et al., 2012).

Figura 7: Sinalizacao e Trans-Sinalizacao de IL-6.
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conditions. Clin Sci (Lond). 2012 Feb;122(4):143-59.

A trans-sinalizagdo de IL-6 esta correlacionada com a parte pro-
inflamatoria da atividade biolégica da IL-6, a qual € realizada através da
participacédo da fracdo soluvel de seu receptor (IL-6Rs), enquanto que sua via
cladssica de sinalizacdo compreende a atividade degenerativa ou
antiinflamatéria da IL-6, a qual é realizada através da fracdo membranar ou
tissular de seu receptor (IL-6Rm). Uma vez que a clivagem do IL-6R é
principalmente governada pela protease ADAM-17, especula-se que ADAM-17
tenha um papel decisivo no processo inflamatério (Figura 8) (ROSE-JOHN,

2012).
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Figura 8: Atividade Pr6 e Anti-Inflamatéria de IL-6.
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A IL-6 se constitui como um importante marcador inflamatério e esta
entre os mediadores mais potentes da resposta aguda ao trauma. Ela participa
de uma cascata de reacfes que inicia com o dano tecidual e que objetiva, em
dltima instancia, a restauracéo do tecido (GUNSON, ARNETT, MILLAN, 2012).
E uma citocina envolvida numa série de atividades imunoldgicas, em especial a
sintese de substancias de fase aguda pelo figado, estando envolvida na
regulacdo metabdlica da proteina C reativa. Tal como um de seus receptores
(gp130), € amplamente expressa durante a reacdo inflamatoéria, produzindo
efeitos indesejaveis em varios 6rgdos (TONET et al., 2008).

Normalmente é expressa em niveis baixos, exceto durante infecgéo,
trauma ou outros fatores estressantes. Entre os varios fatores que regulam a
expressdo do gene da IL-6, estdo O estrogeno e a testosterona. Apos a
menopausa ou andropausa, 0s hiveis de IL-6 sdo elevados mesmo na
auséncia de infecgéo, trauma ou estresse (ERSHLER et al., 2000). A propria
hiperglicemia caracteristica da intoleréncia a glicose tem relagdo com a sintese

imediata de marcadores como IL-6, com variagbes dos niveis seéricos
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positivamente relacionados e com aumentos mais significativos na
hiperglicemia em pulsos, situacdo comum no diabético (SOUZA et al., 2008).

Nos musculos esqueléticos, a IL-6 tem sido relacionada a protedlise
muscular evidenciada clinicamente pela hipertrofia muscular (WASHINGTON et
al., 2011; OSHIl et al., 2011).

As interleucinas, em especial a IL-6, desempenham papel importante em
varios outros processos fisiolégicos e patoldgicos, como, na depressao
(DOWLAT et al., 2010), na doenca de Alzheimer (SWARDFAGER et al., 2010),
na esquizofrenia (KARANIKAS, 2011), na diabetes (BASU et al., 2011; KIM et
al., 2009), na tuberculose (OKADA et al.,, 2011), em doencas cardiacas
(BENERJEE et al., 2009; KOENIG et al., 2006), na arteriosclerose (VYROUBAL
et al., 2011), nos variados tipos de cancer (KORKAYA et al., 2011; PINE et al.,
2011; MATSUMOTO et al., 2010; GRIVENNIKOV et al., 2009), na doenca
periodontal (MURAYAMA et al., 2011), na peri-implantite (JAVED et al., 2011),
na artrite reumatdide (SIERAKOWSKI & CUTOLO, 2011; CHENEVIER-
GOBEAUX et al., 2004), e na artrite psoritica (FIOCCO et al., 2010).

Em articulacbes, a IL-6 € produzida pelas células sinoviais, mondcitos,
macrofagos e fibroblastos (FU et al., 1995; KUBOTA et al., 1998; SANDLER et
al., 1998).

Em estudos prévios na articulacdo temporomandibular, a concentracéo
de IL-6 no fluido sinovial foi correlacionada com niveis de sinovite, vista
artroscopicamente (LEE et al., 2010; HAMADA et al., 2008; SATO et al., 2003;
NISHIMURA et al., 2002; SANDLER et al., 1998). Foi também verificado que a
IL-6 aumenta a atividade osteoclastica, contribuindo para reabsorcdo Gssea.
(HONDA, 2011; FU et al., 1995).
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2. PROPOSICAO

Este estudo foi projetado para examinar, através de analise imuno-
histoquimica, a expressao de IL-6 em discos da articulacdo temporomandibular
(ATM) de humanos com deslocamento anterior de disco com e sem reducao.
Além disso, uma associagdo com osteoartrose da ATM também foi investigada,
para melhor compreender a relacéo entre o deslocamento de disco da ATM e o

processo inflamatorio.
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IL-6 Expression in Disc Derangement of Human
Temporomandibular Joint and Association with Osteoarthrosis

ABSTRACT

Background: The inflammatory process is a coordinated response that
protects and heals the host after infection or trauma, involving several molecular
reactions of the host. Once the inflammation is closely linked to the process of
destruction of the temporomandibular joint, this study aims to examine, by
immunohistochemistry, the expression of IL-6, an important inflammatory
marker, in temporomandibular articular discs of patients with anterior disc
displacement with (ADDwR) and without reduction (ADDwoR) and its
association with osteoarthrosis (OA). Methods: Forty-two (n=42) articular discs
were divided into two cutoffs: 1) 8 control, 17 ADDwWR, 17 ADDwoR, and 2)
without OA (n=25) and with OA (n=17). The area of immunostaining was
compared statistically between groups (p<0.05). Results: It was not observed
significant differences between the groups ADDWR and ADDwoR, and with and
without OA, in respect to the expression of IL-6 by immunohistochemical
examination. Conclusion: IL-6 expression was not different either between
groups with anterior disc displacement with or without reduction neither
association with osteoarthrosis. Future studies should be conducted with a
larger sample size, which could clarify the association of the inflammatory

mediator IL-6 with temporomandibular joint dysfunction.

Running Title: IL-6 and temporomandibular disorders.
Keywords: temporomandibular disorder, disc derangement, osteoarthrosis, IL-

6
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Introduction

A disc derangement is defined as a malposition of the articular disc in relation to
the condyle and articular eminence of temporal bone. The most common
position is anterior disc displacement (pure anterior displacement, anterolateral
or anteromedial displacement), and can be divided into with (ADDwR) or
without (ADDwoR) reduction (1-4).

In ADDWR the articular disc of temporomandibular joint (TMJ) is displaced
while the mouth is closed and the teeth are in contact in habitual occlusion and
it slides into its normal functional position as the jaw open (5,6). In ADDwoR,
the condyle is unable to slide or snap back underneath the disc. The displaced
disc thus does not reduce to its position on top of the condyle during the
opening movement (5,6).

Disc displacement results in stretching and inflammation of the retrodiscal
tissue, which often results in internal derangement of temporomandibular joint
(ID), and it is considered to be a risk factor for osteoarthrosis (OA)
development, with abnormal remodeling of the condyle and mandibular fossa (
7, 8-17).

ID is characterized by mechanical interference within the joint, associated
with progressive disc displacement secondary to inflammation, trauma (most
common etiologic factor) or degeneration, though it is unclear the real
pathogenesis, which may be associated with genetic predisposition, hormonal
influence or microbial invasion (18-19).

Previous studies have shown the correlation between inflammatory
process and destruction of TMJ components, and (interleukine 6) IL-6 has been
pointed as one of the most important proinflammatory cytokines contributing to

the pathogenesis of TMJ ID (20-28).
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IL-6 is a pleiotropic cytokine produced by several cells, like synovial cells,
monocytes, macrophages, and fibroblasts, in the TMJ (29,30). It regulates
immunological reactions, inflammation, haematopoieses and oncogenesis
(20,21,26), and mediates the induction of osteoclast progenitor differenciation
and osteoclast activity (28).

IL-6 is important to the transition between acute to chronic inflammation
(31), and present a dual effect; at some levels it acts as proinflammatory,
whereas in others can exhibit an anti-inflammatory profile (32-34).

In this study we tested the hypothesis that IL-6 may be involved in the
progression of TMJ ID, as shown by previous research. (20-27) Therefore, the
present investigation was designed to evaluate, through immunohistochemistry,
the expression of IL-6 in TMJ articular discs of ADDwR and ADDwoR patients.
Moreover, the presence of TMJ OA was also investigated to better understand

the relationship between TMJ disc displacement and IL-6 expression.

Materials and methods

Sample selection

A convenient sample of 42 temporomandibular discs from 29 patients, mean
age 32.7 years old, (18 to 56), was recruited for study from the patient pool at
the Evangelico School Hospital, Curitiba, southern region of Brazil (Table I), as
approved by the Ethical Committee on Research at Pontifical Catholic
University of Parand, according to Resolution 196/96 of the National Health
Council and approved under registration number 104. Subjects were not include
if presenting: use of orthodontic appliances, chronic usage of antiinflammatory
drugs, history of diabetes, hepatitis, HIV infection, immunosuppressive

chemotherapy, history of any disease known to severely compromise immune
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function, current pregnancy or lactation, dentofacial deformity major jaw trauma,
previous TMJ surgery, and previous steroid injection in the TMJ.

Subjects completed personal medical history questionnaires and, within a
protocol approved by an Institutional Review Board, signed a consent form after
being advised of the nature of the study. All patients were asked to complete a
pain questionnaire, and a clinical examination was performed according to
Clinical Practice Guidelines for TMJ surgery of the American Association of Oral
Maxillofacial Surgeons. Basically, the clinical examination consisted of palpation
of the TMJ region, the occurrence of painful opening/closing mouth, and
crepitation. The patients were considered to be affected and treated surgically
when presenting painful clinical signs of disc displacement after unsuccessful
nonsurgical treatment for at least 6 months. Regarding complementary exams,
all patients had a panorex. These patients were from the Brazilian public health
system; therefore, a few of them had financial conditions to afford other exams
such as computerized tomography (CT) scan or a TMJ magnetic resonance
imaging. Accordingly, the diagnoses were primarily clinical.

Patients presenting disc displacement with and without reduction were
grouped together for analysis. Out of the control patients, 4 individuals
presented condyle fracture (CFx), confirmed by radiographs and CT scan,
which needed to be operated for the fracture reduction and 4 subjects displayed
active condyle hyperplasia (CH), diagnosed by radiographs, CT scan, and
scintigraphy, as follows:

1) Subjects without any signs of disc displacement (control group; n=8; 8

specimens);

2) Patients presenting anterior disc displacement with reduction (ADDWR;

n=10; 17 specimens);
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3) Patients presenting anterior disc displacement without reduction
(ADDwoR; n=11; 17 specimens).

Subjects were included in clinical categories according to the presence or
absence of disc displacement and, at a second moment, according to the
presence or absence of osteoarthrosis (using Wilkes classification) (35).

Patients’ selection for OA analysis was based on the primary diagnosis of
severe TMJ ID. The stages of TMJ ID were classified into mild, intermediate
and severe according to Wilkes classification based on clinical, surgical and
pathological stages (35). Mild internal derangement (Wilkes stage Ill) is
characterized by simple disc displacement without any morphological alteration
of the disc and with or without osseous shift. The intermediate stage (Wilkes
stage 1V) is characterized by disc displacement and morphological deformity
and/or osseous remodeling changes. Severe derangement (Wilkes stage V) is
characterized by perforations of the disc attachments and osseous shift and/or
osteoarthritic changes (sclerosis, osteophyte formation, articular surface
flattening, depression and/or cystic alterations) (35). Patients from the control
group and those classified as Wilkes Il were considered not presenting OA
and patients classified as Wilkes IV or V were included in the OA group, as
follows:

1) Patients without OA (control group + Wilkes stage Ill; n=18; 25

specimens);

2) Patient with OA (Wilkes stage IV and V; n=11; 17 specimens).

Table | shows the baseline characteristics of the sample.

33



Surgical technique

TMJ surgery was performed according to the technique described by Mehra
and Wolford (36).

First the displaced disk is freed by the surgeon entering the upper and
lower joint spaces and lysing adhesions. At this point a small hole is placed
through the lateral pole of the condyle from posterior to anterior direction. The
Mitek bone-cleat introducer is inserted and pushed into the bone, where two
small coils unlock and attach the cleat to the inner surface of the condyle
cortical bone. A nonresorbable 2-0 or 3-0 suture is placed through the hole and
through the disk at the junction of the posterior and intermediate bands, and the
disk is tied down to the condylar neck. The deformity of the disk precludes
repositioning it into a more normal position, and recontouring the thickened disk
with a scalpel is necessary (this scalpelled material constitutes the sample).

This procedure was conducted for all patients with disc displacement and
the control group. In the CFx patients, the disc displaced by fracture was
repositioned and in the CH patients the disc was sutured to prevent disc
displacement caused by the gap that was created after the high condylectomy.
In cases with disc perforation, the disc was removed completely. Postsurgical
physical therapy was indicated at the discretion of the surgeon.

Histological sections obtained by scapel of disk excess, or in cases with
perforation removed completely, and were prepared for observation of the in

situ expression of IL-6 by immunohistochemistry.

Immunohistochemistry

The TMJ disc sections were deparaffinized with xylol (2 x 10 min) and

rehydrated with absolute ethylic alcohol (3 x 1 min) and 80% ethylic alcohol (1 x
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1 min). Endogenous peroxidase activity was quenched by treatment with H,O,
(5% in methanol) for 10 min. Target Retrieval Solution™ (Dako, DK-2600
Glostrup, Denmark) was used prior to slide staining for heat-inducing epitope
retrieval (for formalin-fixed, paraffin-embedded material), according to the
manufacturer’s instructions. The sections were incubated with monoclonal IL-6
antibody (Imuny Biotechnology, Campinas, Brazil), diluted 1:50 in phosphate-
buffered saline (PBS), 0.1% bovine serum albumin (BSA). For negative
controls, the primary antibody was not added. PBS was used instead. The
secondary antibody, AdvanceTM (Dako, DK-2600 Glostrup, Denmark), was
applied for 30 min, according to the manufacturer’s instruction.

The immunoreactions were visualized by incubating the sections using
3,3’ diaminobenzidine (DAB) chromogen (OriGene, Rockville, MD), (1 drop in 1
mL distilled water). The sections were lightly counterstained with Harris
haematoxylin for 5 min and finally mounted. Immunostaining was considered to
be specific to IL-6 because immunoreactivity was not observed in the negative
controls.

The colour morphometry method was used to analyse the anti-IL-6
immunostained area in the TMJ disc tissue. For this purpose, images of
consecutive fields were captured by the 409 objective lens coupled with the
BX50 Olympus microscope with the Sony camera, Model DXC-107A, and
image analysis was performed with specific software called Image Pro Plus
software (Media Cybernetics Inc., Silver Spring, USA). This software allows an
observer to select and paint the positive areas to obtain an image model and
make the mask for the other stained slides, being automatically calculated the
area of the positive reaction (Fig. 1). This procedure was performed by a single

examiner in a blind manner. The data were entered into a spread sheet, and
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Microsoft Excel (Redmond, WA, USA) was used to obtain the statistical
analysis. The variable area was measured in square micrometers (um?) and

was obtained with the mean of all positive areas.

Statistical Analysis

To compare the groups regarding area, the model of analysis of variance with
one factor (ANOVA) was considered. To compare control and affected group
the Student’s T-test for independent samples or non-parametric Mann-Whitney
test was employed. To meet symmetric condition of the variable, data of area
are previously submitted to a logarithmic transformation. P value <0.05 was
considered statistically significant. Data were analyzed with the software

Statistica V. 8.0 (StatSoft Inc, Tulsa, OK, USA).

Results

Expression of IL-6 was observed at cytoplasm, especially in fiborochondrocytes
(Figs. 2 and 3). However, statistically significant differences were not found
between TMJ samples of ADDwR, ADDwoR and Control, and between TMJ

discs of patients with and without osteoarthrosis.

Expression of IL-6 in TMJ sample ADDwR, ADDwoR and Control

Significant differences were not found in the expression of IL-6 in TMJ discs

between the three groups for the variable area (p=0.322) (Table 2).

Expression of IL-6 in TMJ discs of patients with and without osteoarhrosis

It was observed that all the patients with ADDwoR presented OA. On the other

hand, all patients without OA presented ADDwR.
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Statistically significant differences were not found in the expression of
IL-6 in TMJ discs between the groups with and without OA for the variable area

(p=0.133) (Table 3).

Discussion
For the last few years, many papers were published showing the participation of
various markers, and distinct pathways in the progression of TMJ ID using TMJ
discs and synovial liquid (27, 40-54). In diseases of the TMJ, the synovium and
articular cartilage produce various mediators that have the potential to induce
chondrocyte death through necrosis or apoptosis (37-39). Camejo et al. (48),
showed a higher expression of FasL, an apoptotic marker, in TMJ discs with
reduction when compared to discs without reduction (in which a less intense
inflammatory process and more mechanical stress may coexist); and a lower
expression of this marker in the discs of patients with osteoarthrosis, which
suggests that apoptosis may protect against TMJ disorder progression and
reinforces that necrosis should be the main way of cell death in OA
fibrochondrocytes.

One of the most important and studied pathway in the progression of
TMJ ID is inflammation. The clinical symptoms of temporomandibular disorders
involve pain and dysfunction during mandibular movement, which are basically
symptoms of inflammation. Inflammatory changes in the TMJ modify physical
and functional properties, first reversibly and finally irreversibly reducing its
ability to withstand pressure and compression forces (55). Loreto et al. (46)
showed that MMP-7 and MMP-9 are expressed in arthritic joints and provided
evidence of a role for those MMPs in disc damage in TMJ ID, with higher

expression being detected in the posterior than in the anterior and intermediate
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bands of ADDwWR and ADDwoR discs. Cytokines have emerged as the master
controllers of hard tissue degradation in human joint tissue in both osteoarthritis
and inflammatory arthritis models (27, 28). Kim et al. (50), using TMJ synovial
liquid, demonstrated a higher expression of IL-1B, IL-6 and Granulocyte
Macrophage Colony stimulating Factor (GM-CSF) in patients with
temporomandibular dysfunction.

IL-6 is one of the main cytokines enrolled in this process, produced by
many kinds of cells, such as monocytes/macrophages, T cells, fibroblasts, and
endothelial cells, promoting T-cell and B-cell differentiation, usually elevated in
sepsis or aseptic inflammation (such as rheumatoid arthritis) (56). IL-6 may
have a role in acute and chronic phases of inflammation. Acute inflammation is
a beneficial and limited response, particularly during infectious conditions,
whereas chronic inflammation is a persistent phenomenon that can lead to
tissue damage, and to angiogenesis involving the synovium, articular cartilage,
and bone. One characteristic of acute inflammation is that initially, the infiltration
of leukocytes is predominantly neutrophilic, but after 24 to 48 hours monocytic
cells predominate. In contrast, chronic inflammation is associated histologically
with the presence of mononuclear cells such as lymphocytes and macrophages.
IL-6 causes not only the acute phase reaction, but also the development of
specific cellular and immune humoral response, including the final stage of B
cell differentiation, immunoglobulin secretion and activation of T cells. The main
mechanism of acute inflammation to chronic is the recruitment of monocytes to
the inflammation area, which explains the importance of IL-6 in this process. In
models of chronic inflammatory diseases, such as arthritis, IL-6 is pro-
inflammatory, while in models of acute inflammation, IL-6 exhibits an anti-

inflammatory profile (31-34).
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Since the inflammatory process influences the progression of ID, this
study was designed to test the hypothesis that IL-6 may be higher expressed in
TMJ human disc of ADDwWR and ADDwoR, and not only in the synovial fluid, as
already extensively described in the literature (46, 48-52). Nevertheless,
significant differences were not observed between the groups control and with
and without anterior disc reduction of the articular disc with respect to the
variable area for the expression of IL-6 measured by immunohistochemical
examination. It was observed, however, that although an increase was not
statistically significant, a higher IL-6 expression was found in the group with
more extreme phenotype (without reduction), in which continuous chronic
inflammation has jeopardized the tissue.

Moreover, the presence of TMJ OA was also investigated to better
understand the relationship between TMJ disc displacement and IL-6
expression. OA is a focal degenerative disorder that primarily affects the
articular cartilage and subchondral bone of synovial joints such as TMJ, which
ultimately relies on osteoclastic activity (54,57,58). It is a consensus that TMJ
disc displacement and OA often occur concomitantly, and that disc
displacement leads to OA (57,59-68). It was not observed in our study
significant differences between the groups with and without osteoarthrosis with
respect to the variable area for the expression of IL-6 measured by
immunohistochemical examination, but the results suggested a higher
expression in the group with osteoarthritis, last stage of a chronic inflammatory
destructive process. This may represent a frustrated attempt to control disease
progression.

The lack of difference between the groups in this study does not mean

that the levels of IL-6 are not really increased in cases of disc displacement
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without reduction, and with osteoarthrosis. This study has some restrictive
limitations, such as the small sample size together with the control group, which
includes patients with condyle fracture and condyle hyperplasia. Although the
sample size is extremely reduced, it is noteworthy that only about 5% of people
worldwide present a functional or pathological TMJ problem amenable to
surgery (69) and, for ethical reasons, it is not possible to retrieve healthy
retrodiscal tissue from normal patients to serve as controls. Moreover, our
sample may be one of largest samples in vivo composed of articular discs.
Besides, there was a very high variability in IL-6 expression inside each group,
which might have contributed to this finding.

Future studies should be conducted with a larger in vivo sample size,

which could make clearer the impact of IL-6 on the progression of TMJ ID.
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Table 1. Baseline clinical characteristics of the control and study group with and without TMJ

dysfunction, associated with Wilkes Stage

Affected Side

Patient Race Gender Age (yrs) Diagnosis Right  Left Wilkes Stage
1 Caucasian F 39 ADDwoR X \Y
2 Caucasian M 27 CFx X
3 Caucasian F 25 ADDwoR X \
4 Caucasian F 46 ADDwoR X \Y
4 Caucasian F 46 ADDwoR X \%
5 Caucasian F 20 ADDwoR X \Y
5 Caucasian F 20 ADDwoR X \%
6 Caucasian F 41 ADDwWR X 1]
6 Caucasian F 41 ADDwWR X ]
7 Caucasian F 35 CH X
8 Caucasian F 32 ADDwWR X 1]
8 Caucasian F 32 ADDWR X m
9 Caucasian F 41 ADDwoR X \Y
9 Caucasian F 41 ADDwoR X \
10 Caucasian F 26 ADDwWR X i
10 Caucasian F 26 ADDwWR X 1
11 Caucasian F 28 ADDWR X I
11 Caucasian F 28 ADDWR X m
12 Caucasian F 33 CH
13 Caucasian F 36 ADDwWR m
13 Caucasian F 36 ADDWR X 11l
14 Caucasian F 18 ADDwWR X m
14 Caucasian F 18 ADDWR X m
15 Caucasian F 38 ADDwoR X v
15 Caucasian F 38 ADDwoR X 1Y
16 Caucasian F 45 ADDwoR X v
17 Caucasian F 23 CH X
18 Caucasian F 51 ADDwoR X \Y
19 Caucasian F 33 ADDwoR X \Y,
19 Caucasian F 33 ADDwoR X \Y,
20 Caucasian M 22 CFx
21 Caucasian F 35 ADDwoR v
22 Caucasian F 22 ADDWR X I}
22 Caucasian F 22 ADDwWR 1
23 Caucasian F 24 ADDwWR X 1
24 Caucasian M 18 CFx X
25 Caucasian F 32 CH X
26 Caucasian M 37 CFx
27 Caucasian F 23 ADDwoR X v
27 Caucasian F 23 ADDwoR X \%
28 Caucasian F 42 ADDwWR X 1
29 Caucasian F 56 ADDwWR X 1

ADDWOR, Anterior disc displacement without reduction; ADDWR, anterior disc displacement with reduction; CH,

condylar hyperplasia; CFx, condylar fracture.
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Table 2. IL-6 area of immunostaining (um?) in the discs of the control and study group with

and without TMJ dysfunction.

Variable Group n Mean Median  Minimun Maximum Star]dgrt P-value*
deviation
Area Control 8 54.17 53.77 16.50 97.09 28.60
With
. 55.46 4474 12.82 248.25 52.82 0.322
redution
Without
. 77.05 51.57 28.78 225.08 58.74
redution

* One-factor ANOVA, p<0.05
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Table 3. Diferences between groups with and without osteoarhrosis with respect to
area of in situ expression (um?) of IL-6 cytokine.

Variable Group n Mean Median Minimun Maximum Stapdgrt P-value*
deviation
IL-6area  WHNOUL oo ce05 4474 1282 24825  45.82
osteoarthrosis
With
) 7 77.05 51.57 28.78 225.08 58.74 0.133
osteoarthrosis

*Student’s t test for independent samples, p<0.05
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Figure 1 (A) Microphotography showing the positive immunohistochemical
reaction for IL-6 in brown, used as the mask. (B) Image Pro Plus™ analysis of
the positive immunohistochemical reaction identified by the software through a
sample of brown coloration considered appropriated by the observer, pattern
followed for all fields analysed. The mean of all positive reaction represented
the immunohistochemical expression of IL-6 measured in um?.



Figure 2 Immunostaining for IL-6 in the temporomandibular joint disc of patients
affected by disc displacement with reduction (ADDwWR).(A) Magnification of 10x.
Arrow = fibrochondrocyte. (B) Magnification of 20x. Arrow = fibrochondrocyte.
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Figure 3 Immunostaining for IL-6 in the temporomandibular joint disc of patients
affected by disc displacement without reduction (ADDwoR).(A) Magnification of
10x. Arrow = fibrochondrocyte. (B) Magnification of 20x. Arrow =
fibrochondrocyte.
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4. CONCLUSOES

1)

2)

3)

Nesse estudo:

N&o foram observadas diferencas estatisticamente significante entre os
grupos controle, ADDWR e ADDwoR, com relacdo a variavel area para a
expresséo da IL-6. Observou-se, no entanto uma maior expressao de IL-
6, apesar de ndo estatisticamente significativa, no grupo com fenétipo

mais extremo (deslocamento de disco sem reducéo).

N&o foram observadas diferencas estatisticamente significantes na
expressdo da IL-6 entre 0s grupos com osteoartrose e sem osteoartrose.
Porém, os resultados sugerem uma maior expressdo no grupo com
osteoartrose - a Ultima fase de um processo destrutivo inflamatdrio
cronico, o pode representar uma tentativa frustrada de controlar a

progresséo da doenga.

Foi verificado que todos os pacientes com ADDwoR apresentavam OA,

e gue todos os pacientes sem OA eram do grupo com ADDwWR

A grande variabilidade de expresséo da IL-6 encontrada dentro de cada

grupo, juntamente com o pequeno tamanho amostral, pode explicar a diferenca

nao ter sido estatisticamente significante entre os grupos. Estudos futuros

deverdo ser realizados, com um tamanho amostral maior, o que contribuira par

elucidar a associacdo do mediador inflamatorio IL-6 com a disfuncdo da

articulagéo temporomandibular.
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