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Lista de abreviaturas

AP1: activating protein-1

ARE: AU-rich elements

C/EBP: CAAT/enhancer-binding protein

COX-2: cyclooxygenase-2

CREB: cAMP response element-binding

ELK 1: ETS-domain protein-1 ou ETS-like protein-1
ERK-1 e -2: extracellular-regulated kinases 1 e 2
ECM: extracellular matrix

GCF: gingival crevicular fluid

IL1-a: interleukin 1-a

IL1- B: interleukin 1- B

IL6: interleukin 6

IkB: inhibitor of kappa B

JAK/STAT: Janus kinase/ signal transducers and activators of transcription
JNK: c-Jun N-terminal kinase

MAPK: mitogen-activated protein kinase

Mkk3/6: mitogen-activated protein kinase kinase 3/6
MMP: matrix metalloproteinase

NO: nitric oxide

NF-kB: nuclear factor kappa B

OSE-2: osteoblast-specific transcription factor Cbfa1
OsM: oncostatin-M

PGE;: prostaglandin E;

P13 kinase: phosphatidylinositol 3-kinase

Runx-2: runt-related transcription factor 2

TGF-B: transforming growth factor

TIMPs: tissue inhibitors of MMPs

TNF- a: tumor necrosis factor a



Aquino SG. Expressdo de MMP-13 e ativacdo de vias de sinalizagao
intracelular em dois modelos de doenga periodontal induzida
experimentalmente em ratos [dissertacdo mestrado]. Araraquara: Faculdade de
Odontologia da UNESP; 2008.

Resumo

A progressao da doenga periodontal € marcada pela excessiva produgéo de
citocinas que, por sua vez, promove o aumento de outros mediadores
inflamatoérios, entre os quais, de metaloproteinases de matriz (MMPs). MMP-13
€ uma colagenase de regulacdo complexa que tem sido relacionada a
degradacdo da matriz extracelular (ECM) e a reabsor¢cédo 6ssea em diversas
condi¢gbes inflamatérias, incluindo doenca periodontal e artrite reumatoéide. A
regulacéo da expressao génica requer a ativagdo de varias vias de sinalizacao
através da interacédo de receptores celulares especificos a estimulos externos,
como antigenos bacterianos e citocinas derivadas do hospedeiro. A
complexidade da rede de citocinas estabelecida durante a progressdo da
doencga periodontal depende das vias de sinalizagdo ativadas, as quais s&o
influenciadas pela natureza do estimulo extracelular. Considerando o papel
fundamental das vias de sinalizacdo no controle da expressao génica de
citocinas e a relevante atividade de MMP-13 na doencga periodontal, este
estudo avaliou a expressdo de MMP-13 e as vias de sinalizagao ativadas
durante o curso de dois modelos de doenca periodontal induzida
experimentalmente. A expressdo de MMP-13 nos niveis de RNA mensageiro
(mRNA) e proteina foram avaliados por RT-PCR e Western Blot,
respectivamente. A cinética de ativagdo das vias de sinalizag&o intracelular
relacionadas a expressdao de mediadores inflamatorios também foi verificada
por Western Blot. Estes achados foram relacionados a severidade da reacao
inflamatéria determinada por estereometria. Dois modelos experimentais foram
usados: injecdo de LPS e colocacdo de ligadura. Inje¢cdes de LPS de
Eschericia coli foram realizadas na regido palatina de molares superiores 2
vezes por semana (30 pg por aplicagdo). Ligaduras foram colocadas na regido
cervical dos primeiros molares inferiores. O grupo controle recebeu injecées de

PBS (veiculo) na gengiva palatina dos primeiros molares superiores, enquanto



ligaduras ndo foram colocadas nos molares inferiores. Amostras foram
coletadas 5, 15 e 30 dias ap6s a indugédo da doenga periodontal e processadas
para extracdo de RNA total e proteina, assim como rotineiramente processadas
para analise histolégica/estereométrica. Um aumento significante da
severidade da inflamagao foi observado em ambos os modelos ja no periodo
de 5 dias. Entretanto, o modelo de ligadura mostrou uma diminuicdo da
intensidade da inflamacéo aos 30 dias, que nao foi observada no modelo de
injecao de LPS. O perfil de expressao dos niveis de mRNA de MMP-13, assim
como a cinética das vias de sinalizagdo ativadas durante o curso da doenca
periodontal foram distintos segundo o modelo experimental mas, em geral,
acompanharam a severidade do processo inflamatério. De forma interessante,
nao houve correlacédo entre os niveis protéicos e de mRNA de MMP-13 em
ambos os modelos, sugerindo uma regulagdo pds—transcricional da expresséo
de MMP-13 in vivo. Além disso, p38 e ERK MAPkinases, assim como NF-kB
foram ativadas nos dois modelos de doencga periodontal, embora com cinética
distinta; enquanto ativacdo de STAT3 e STATS foi verificada apenas no modelo
de ligadura. Estes achados sugerem uma ativacédo diferencial de receptores
celulares em cada forma de indugéo da doenca periodontal, o que determina
diferencas temporais e qualitativas nas redes de sinalizacdo intracelular
ativadas e influencia a regulacdo da expressao génica de MMP-13 em cada

modelo experimental.

Palavras-chave: Metaloproteinase 13 da matriz; sistema de sinalizagdo das

MAP Quinases; fatores de transcricao; doencgas periodontais; ratos.



Aquino SG. MMP-13 expression and signaling pathways activated in two
models of experimentally-induced periodontal disease in rats [dissertacao
mestrado]. Araraquara: Faculdade de Odontologia da UNESP; 2008.

Abstract

The hallmark of destructive periodontal disease progression is the
overproduction of cytokines which promotes the increased expression of other
inflammatory mediators such as, MMPs. MMP-13 is a collagenase of complex
gene regulation that has been implicated on ECM degradation and bone
resorption in several inflammatory conditions, including periodontal disease and
rheumatoid arthritis. Regulation of gene expression requires the activation of
several signaling pathways through receptor-ligand binding of external stimuli
represented by bacterial antigens and/or host-derived cytokines. The complexity
of the cytokine network established during periodontal disease progression
results from the signaling pathways activated, which are determined by the
nature of external stimuli. Thus, considering the fundamental role of signaling
pathways on regulation of cytokine gene expression and the relevant role of
MMP-13 in periodontal disease, this study evaluated the expression of MMP-13
and the signaling pathways activated during the course of two experimentally-
induced periodontal disease models. Expression of MMP-13 at mRNA and
protein levels was evaluated by reverse transcription polymerase chain reaction
(RT-PCR) and Western Blot, respectively. The activation kinetics of some
signaling pathways that are related to the expression of inflammatory mediators
was also verified by Western Blot. The two experimental models used were:
LPS injections and placement of ligatures. Bi-weekly injections of Eschericia coli
LPS were done into the palatal aspect of upper molars (30 ug per injection).
Ligatures were placed at the cervical portion of both lower first molars. The
control animals received injections of PBS vehicle on the palatal gingiva of
upper molars, whereas no ligatures were placed on the lower molars. Samples
were collected 5, 15 and 30 days after beginning of periodontal disease
induction and processed for extraction of total RNA and protein, as well as
routinely processed for histology/estereometry. A significant increase on the

severity of inflammation was observed in both experimental models already at



the 5-day period. However, the ligature model presented a significant decrease
on the intensity of inflammation at the 30-day period, which was not observed
with the LPS injection model. MMP-13 expression profile, as well as the kinetic
of signaling pathways activated during periodontal disease were somewhat
different according to each experimental model, however paralleled the severity
of inflammation. Interestingly, there was no transcription-translation coupling for
MMP-13 in both models, suggesting a post—transcriptional regulation of MMP-
13 expression in vivo. Moreover, p38 and ERK MAPkinases, as well as NF-kB
were activated in both periodontal disease models, however with different
kinetics, whereas activation of STAT3 and STATS5 was verified only on the
ligature model. These findings suggest a differential activation of cellular
receptors in each model of experimentally-induced periodontal disease, which
results in temporal and qualitative differences on the signaling network and

influences MMP-13 gene regulation in each experimental model.

Keywords: Matrix metalloproteinase 13; MAPKinases signaling system;

transcription factors; periodontal diseases; rats.



Introducéo

Atualmente é bem estabelecido que a resposta inflamatéria/imune tem
papel fundamental na manutencdo de uma condi¢do fisiolégica ou no
estabelecimento e progresséo de processos patoldgicos de carater auto-imune,
inflamatério ou infeccioso, como as doencgas periodontais. A determinagéo do
estado de normalidade ou de doenca depende da atividade de potentes
mediadores de comunicagao celular: as citocinas™.

As citocinas, por sua vez, sdo polipeptideos produzidos e secretados
frente a presenca do microrganismo ou outros antigenos desencadeando
respostas celulares diversas que medeiam e regulam processos fisioldgicos
importantes, como o desenvolvimento de células hematopoiéticas, das reagcdes
imunes e inflamatorias'®. No entanto, quando sintetizadas em niveis elevados,
as citocinas modificam o padrdo de resposta celular, participando
substancialmente no desenvolvimento de patologias de carater inflamatorio
cronico, como € o caso das doencas periodontais®.

As doencas periodontais sdo infecgdes nas quais 0os microrganismos

Gram-negativos tém papel fundamental’’>"¢8

e sua progressao € decorrente de
um desequilibrio no processo dindmico saude-doenga entre a microbiota
periodontopatogénica do biofilme dental e a resposta do hospedeiro frente a
agressao'®. Esta pode ocorrer diretamente, por meio da liberacdo de toxinas e
produtos do metabolismo microbiano, ou de forma indireta através da inducao
de uma resposta inflamatéria/imune do hospedeiro, com a produc¢ao e liberagcéo
de diversos mediadores e subsequiente dano tecidual®®.

Assim, a resposta imune/inflamatéria tem um papel fundamental na

doencga periodontal, ja que a extensdo e grau de destruicdo tecidual séo

determinados, sobretudo, pelo balango entre os niveis de citocinas pro e
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antiinflamatorias e seus antagonistas®, o que classifica a doenca periodontal
como uma infeccdo mediada e modulada pelo hospedeiro, com aspectos
histologicos e imunologicos semelhantes a outras alteragcdes de carater
inflamatorio crénico, como a artrite reumatdide®?.

Sendo o padrao de resposta inflamatoéria/imune regulado pelas citocinas,
existem abundantes evidéncias de alteragées na expressédo destas moléculas
imunorreguladoras, com elevados niveis de TNF-a (tumor necrosis factor a), IL-
18 (interleukin-1 beta), IL-6 (interleukin-6) e PGE; (prostaglandin Ej)
encontrados em sitios doentes em comparacao aos presentes em condi¢cdes
de salde clinica'®'41619.72,

Esse desequilibrio pode entdo resultar em destruicdo dos tecidos
periodontais mineralizados e/ou n&o-mineralizados por efeitos diretos destas
citocinas ou indiretos, por meio da inducdo (autdcrina ou paracrina) da
expressao de outros mediadores bioldgicos por células inflamatérias e
residentes, como, por exemplo, as metaloproteinases de matriz (matrix
metalloproteinases ou MMPs)?".

MMPs constituem uma familia de proteases neutras dependentes de
ions metalicos (Célcio e Zinco), fundamentais na degradagcdo da matriz
extracelular (extracellular matrix ou ECM), um dos principais eventos em
diversos processos fisiologicos e patoldgicos®’. Entre os 25 membros ja
identificados, 24 estdo presentes no genoma de mamiferos e mais
especificamente, 22 em humanos’®. Apesar de geneticamente distintas, estas
endoproteases possuem caracteristicas bioquimicas e estruturais semelhantes,
como a presenca de pelo menos 2 dominios conservados: o pro-dominio e o

dominio catalitico, sendo este o segmento ativo que apresenta o ion Zinco em

sua estrutura, necessario para a conversao da forma latente/ pré-enzima para a
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forma ativa/catalitica, mediante interagdo com residuos de cisteina do pro-
dominio e sua consequente ruptura51.

Além do fundamental papel em processos de remodelagédo de ECM,
atualmente se reconhece a atuagcdo das MMPs na modulacdo da resposta
imunolodgica, regulando a atividade ou inibicdo de outras proteases e inibidores,
além de proteinas nao pertencentes a matriz como citocinas, quimiocinas,
receptores, peptideos antimicromianos e também a funcé&o e liberacdo de
fatores de crescimento'? 4% %7

Considerando as caracteristicas estruturais e funcionais, estas foram
classificadas de acordo com a especificidade de substrato em: colagenases,
gelatinases, estromelisinas, matrilisinas, MMPs de membrana e outras®™>. A
subfamilia das colagenases € composta por 3 membros que apresentam
variagcbes de atividade catalitica segundo o tipo de colageno: MMP-1
(colagenase 1 ou intersticial) degrada principalmente colageno tipo Ill; MMP-8
(colagenase 2 ou derivada de neutréfilos) atua mais sobre colageno tipo | e
MMP-13 (colagenase 3) é uma potente enzima colagenolitica e gelatinolitica,
com capacidade de digerir colageno tipo Il com uma eficiéncia 6 a 10 vezes

maior que os tipos | e lll e apresenta uma atividade de gelatinase 40 vezes

mais forte que MMP-1 e MMP-8%.
Em condicdes fisiologicas, o nivel de expressao de MMPs é baixo e

compativel com uma remodelagdo da ECM, com a participacdo dessas
endoproteases em eventos importantes como: embriogénese, reparo 6sseo
~ . . ~ 81 P ~ . e
normal, ovulagéo e cicatrizagdo”'. No entanto, niveis elevados sao verificados
em patologias caracterizadas pela degradacdo de cartilagem e tecido
conjuntivo®>. Nestes eventos, as colagenases parecem ter uma fundamental

participacdo, n&do apenas pela grande propor¢cdo de colageno intersticial
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(principal substrato) presente, mas, sobretudo, pela exclusiva habilidade destas
enzimas em iniciar a clivagem da tripla hélice de colageno, disponibilizando
esse substrato para posterior degradagdo por outras MMPs™®. Assim, ndo s6 a
especificidade de substrato, como também o padréo de expressdo das MMPs
varia, sendo a MMP-13 a colagenase com padrado de substrato mais amplo,
incluindo colagenos tipo: I, 11, I, IV, X, XIV, tenascina, fibronectina e agrecan
(proteoglicana mais abundante na cartilagem articular)?®. Além disso, é
importante destacar que a MMP-13 apresenta a expressdo mais estritamente

regulada®®"".

Esta protease foi originalmente descoberta em uma biblioteca de cDNA
de carcinoma de mama humano'™ e atualmente esta associada a diversos
processos patologicos, incluindo carcinoma de células escamosas, osteoartrite,
artrite reumatdide, metastase tumoral em tecido oésseo, doencas
cardiovasculares® e doengas periodontais®®>. Nestas desordens, além da
degradacédo da ECM e reabsorcao 6ssea, observa-se uma reacao inflamatéria -
imune, com altos niveis de citocinas pré-inflamatérias. Visto que a expressao
génica de MMPs é regulada por diversos mediadores inflamatérios, como as
citocinas e prostaglandinas50 estes, entdo, sdo capazes de induzir a produgao
de MMPs por diferentes tipos de células residentes e inflamatérias. Assim, a
expressao de MMP-13 por condrocitos articulares é induzida por IL-1 (principal
citocina envolvida na patogénese da artrite)'*>*', TNF-a*® e também por
oncostatina M (oncostatin M ou OsM) associada ou n&o a outras citocinas pro —
inflamatdrias’’. J& em células endoteliais, o éxido nitrico (nitric oxide ou NO)
atua na regulacdo da expressédo de MMP-13 em nivel transcricional®*. Em
fibroblastos de ratos, foi observado um aumento da expressao desta

colagenase apés tratamento com IL-6, por acdo na regiao AP-1 (activating
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protein-1) do promotor proximal do gene da MMP-13%. Citocinas associadas a
reabsor¢cao 6ssea como: PGE,, IL1-B e TNF-a, também elevaram os niveis de
RNA mensageiro (mMRNA) de MMP-13, MMP-3, MMP-9 e de inibidores
teciduais de metaloproteinases (tissue inhibitors of MMPs ouTIMPs) 1 e 3 em
cultura de osteoblastos’>"®.

Os TIMPs sdo um grupo de 4 reguladores funcionais endégenos com
reconhecido potencial de inibigdo da atividade de MMPs*. O balanco entre a
atividade destes inibidores naturais e de MMPs determina o grau de
degradacdo da ECM. No entanto, uma variedade de mediadores bioquimicos
influencia nesse equilibrio: fatores de crescimento, hormoénios, produtos
oncogénicos e os niveis de citocinas pro — e antiinflamatérias”.

Especificamente nas lesdes periodontais, s&do observados elevados
niveis de citocinas como: IL-1B, IL-6, TNF-a e PGE,***°. Diversos estudos in
vitro utilizando fibroblastos do ligamento periodontal foram realizados, com o
intuito de investigar o efeito de diferentes mediadores inflamat6rios na
expressdo de MMP-133+%6883 ' yso de deste tipo celular ¢ justificado pela
sua prevaléncia no ligamento periodontal e por apresentar caracteristicas
fenotipicas de osteoblasto, sendo entdo fundamental na manutencdo e
remodelacéo tecidual e também em processos patologicos de degradagao da
ECM?%. Estimulo com TGFB-1 sobre fibroblastos gengivais humanos induziu a
expressdo de MMP-13, verificada em niveis de mRNA e protéico**°®. O grupo
de Nishikawa et al.*®, avaliou o efeito de TNF-a sobre a expressdo de MMP-13
em nivel de mRNA por RT-PCR, demonstrando um aumento tempo e dose-
dependente desta colagenase em fibroblastos do ligamento periodontal
humano, evento sobre o qual PGE, apresentou uma regulagédo negativa, ou

seja, em presengca de PGE; ocorre uma diminuicdo dos niveis de MMP-13
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induzidos por TNF-a. Neste trabalho, foi ainda verificado que a expressao de
PGE;, é dependente de COX-2 (cyclooxygenase-2), resultado confirmado por
Noguchi et al.*’, assim como o efeito inibitorio de PGE, sobre a expressdo de
MMP-13 induzida por IL1-a, sugerindo a participagdo indireta de PGE; na
regulacédo da degradagao da ECM, via modulagdo da expressao de MMP-13,
na leséo periodontal.

Além disso, diversos estudos in vivo confirmam a presenca e atividade
de MMP-13 nos tecidos periodontais, seja em eventos fisiolégicos de

remodelagdo 6ssea e da ECM®®"3, assim como no quadro inflamatorio cronico

24-25,74 I 58

das doengas periodontais . Ravanti et al.”™, mostraram a participacéo
desta protease na cicatrizagdo normal de feridas de tecido gengival humano,
localizando sua expressdao por imunohistoquimica. MMP-13 também foi
verificada por Takahashi et aI.73, durante a movimentacdo dental ativa em
ratos, por hibridizagado in situ e RT-PCR. Este estudo mostrou a expresséo de
MMP-13, sobretudo no lado de compresséo, associado a reabsorcao Ossea,
por osteocitos e células do ligamento periodontal proximas a linha de
reabsor¢do, mostrando mais uma vez o importante papel desta colagenase na
remodelacgéao tecidual.

Devido a atividade proteolitica destrutiva, que € associada a elevados
niveis de expressdo de MMP-13, sua expressdo em amostras de tecido
periodontal e no fluido crevicular gengival (gingival crevicular fluid ou GCF) de
pacientes portadores de doenca periodontal, também foi estudada®2>",
Nestes trabalhos, amostras de GCF foram utilizadas para analise das
diferentes formas moleculares de MMP-13: ativa (48 kDa) e pré-ativa (60

kDa)"®, bem como de outras MMPs por Western blot. Ja as amostras de tecido

gengival eram processadas para a técnica de hibridizagdo in situ e/ou
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imunohistoquimica para localizagdo da expressdo. Tervahartiala et al.”™
verificaram a presenca de altos niveis de MMP-13 no epitélio sulcular e em
fibroblastos e macrofagos dos tecidos com periodontite em comparagao as
amostras teciduais sadias, resultados semelhantes aos obtidos pelo grupo de
Kiili et al.*®, embora este ndo tenha observado marcagdo imunohistoquimica
em fibroblastos. Neste trabalho, ainda, avaliou-se a expressdao de MMP-13 no
GCF apo6s raspagem e alisamento radicular. Apesar de uma redu¢do com o
tratamento mecanico, a expressdao de MMP-13 permaneceu em niveis
consideraveis, sugerindo a participacdo desta protease também na fase de
reparo/cicatrizagdo tecidual. Variagdes na proporgdo das formas moleculares
pré-ativa e ativa de MMP-13 foram encontradas nos resultados de Western blot
destes estudos. A forma ativa de MMP-13 foi a mais prevalente no GCF dos
pacientes com doenca periodontal, embora as formas pro6-ativa (60 kDa) e
complexa (>100 kDa) também pudessem ser detectadas.

Os niveis de cada forma molecular e, portanto, a atividade catalitica das
MMPs, pode ser regulado pelos niveis de citocinas®®, como também pela
interacdo destas endoproteases com seus inibidores naturais (TIMPs)?. Além
disso, um grande numero de inibidores sintéticos de MMPs tem sido avaliado
para aplicacdes terapéuticas em diversas patologias, com alguns sendo,
inclusive, testados em ensaios clinicos no tratamento da artrite reumatoide e
cancer*?, porém apresentando pequena eficacia. Esta falha é atribuida a falta
de seletividade/especificidade destes inibidores**, podendo desencadear
efeitos colaterais severos como a sindrome musculo-esqueletal, com o
enrijecimento de articulagbes em consequéncia da interferéncia com a
remodelacdo normal da ECM®°. Assim, inibidores menos potentes, como os a

base de tetraciclina, estdo sendo vistos como uma alternativa mais segura, pois
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reduzem apenas o0s niveis patologicos de MMPs®*®. Somado & auséncia de
especificidade, o conhecimento ainda limitado das fungcées das MMPs, tanto
em condigdes fisioldgicas como em patologias, pode influenciar negativamente
na obtengdo de um inibidor satisfatério®. Portanto, o melhor entendimento do
padrdo de expressdo e dos mecanismos moleculares de regulagdo da
expressao de MMP-13, pode contribuir para o desenvolvimento de novas
estratégias terapéuticas direcionadas a inibigcdo desta colagenase.

No entanto, é importante ressaltar que, em niveis adequados, a
atividade da MMP-13 é necessaria em determinados eventos, como
desenvolvimento &sseo-endocondral, papel demonstrado em camundongos

13", Através da analise de fratura

deficientes para MMP-13 por Kosaki et a
produzida na tibia desses animais, pode se observar que a falta de MMP-13
promove um atraso no processo de reparo, com aumento da zona hipertrofica
de cartilagem e retardo na reabsorcéo desta, pelo impedimento de penetracéo
de condroclastos e capilares na cartilagem. O ensaio de angiogénese in vitro
em pellet de cultura de condrécitos demonstrou a importancia da MMP-13 na
maturagcéo dessas células e na indugéo vascular, outros eventos fundamentais
para o reparo tecidual.

Em relagdo a expresséo e regulacdo de MMP-13, existem evidéncias
indicando uma variagéo significativa segundo o tipo celular, como demonstrado
por Uchida et al.”. Neste trabalho, o efeito de diferentes mediadores biolégicos
associados a reabsorcdo d6ssea sobre a expressdo de MMPs e TIMPs, foi
investigado em 3 diferentes grupos de células osteoblasticas de camundongos:

linhagem MC3T3-E1 e culturas primarias de osteoblastos e de células da

calvaria de camundongo. Em relagdo ao controle, todos os fatores utilizados
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aumentaram a expressao de MMP-13 nas trés culturas, mas com padrbes de
inducéo distintos entre as diferentes linhagens.

A natureza do estimulo extracelular também exerce influéncia na
expressdo e regulagdo da MMP-13%. Com o intuito de mimetizar a forca
fisiologica externa que localmente guia o processo de remodelacdo dssea,
processo que requer degradacdo de ECM com participacdo de MMP-13, Yang

et al.®

realizaram a aplicagcao de forga mecanica sobre células osteoblasticas
MC3T3-E1 aderidas em membrana flexivel de colageno e verificaram uma
inducéo da expressao e atividade de MMP-13.

Além disso, diversos mecanismos moleculares podem estar envolvidos
na regulacdo da expressao de MMP-13. Mecanismos pds-transcricionais de
regulacdo de expressao génica relacionam-se com a modulacdo da
estabilidade do mRNA, que pode ocorrer por meio da interagdo de uma
proteina ao RNA no citosol em segmentos (motifs) das regides 5 e 3’ néo-
traduzidas, como as regides ricas em adenosina-uridina (AU-rich elements ou
ARE). Rydziel et al.®®, por exemplo, demonstraram que o aumento dos niveis
de mRNA de MMP-13 induzido por cortisol em osteoblastos é decorrente da
estabilizacao do transcrito mediada por regides ARE da por¢ao 3’ ndo traduzida
de MMP-13.

Mecanismos transcricionais também participam efetivamente da
regulacdo da MMP-13, através da ativacéo diferencial de diversos fatores de
transcrigao*'®35778 A ativacdo de NF-«xB (nuclear factor kappa B), por exemplo,
estd associada a diversas condigdes inflamatorias crbénicas, como
aterosclerose, artrite reumatdide e as doencas periodontais*®. Basicamente,
esta ativacdo (dependente de um estimulo externo que é internalizado e

transmitido por alteragcbes conformacionais de proteinas citoplasmaticas
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ativadas em direcdo ao nucleo), é decorrente da dissociacdo entre a
subunidade reguladora IkB (inhibitor of kappa B) e NF-«xB (promovida por
fosforilagao) e permite a translocacao deste fator de transcricdo para o nucleo,
seguida da interacdo com as sequéncias de DNA apropriadas no promotor do
gene alvo, iniciando a transcricdo. Importantes mediadores inflamatoérios
requerem a ativacdo de NF-kB para sua expresséo génica, como as citocinas:
IL-1, IL-6 e TNF-a, além de MMP-1 e MMP-13"°. Em relacdgo a MMP-13,
trabalhos in vitro demonstram a participacdo de NF-«kB na regulacdo de sua
expressdo>>>%"°. Liacini et al.>***®, por exemplo, demonstraram através do uso
de inibidor especifico para NF-kB, o envolvimento deste fator de transcrigdo na
expressdo de MMP-13 induzida por IL-1 e TNF-a em condrdcitos articulares de
humanos. Além disso, o bloqueio direto da via de NF-kB em células articulares
tem sido sugerido como terapia viavel na redugéo da transcrigdo de MMPs na
artrite’”®. Dessa forma, a investigagdo da acdo de NF-kB sobre a expressao de
MMP-13 em um modelo in vivo de doenca periodontal, que apresenta
fisiopatologia semelhante a artrite, pode ser interessante.

Varios sitios potenciais de ligacao de fatores de transcrigédo, incluindo
AP-1, PEA3, SP1, Runx2, p53, NF-xB, OSE-2, C/EBP, CREB e Elk-1 sdo
encontrados no promotor proximal do gene da MMP-13>*%77682 No entanto, a
ativacao de fatores de transcricdo especificos depende diretamente do
estimulo extracelular e das vias de sinalizacdo intracelular utilizadas. Nesse
sentido, diversos estudos sobre regulacao da expressao de MMP-13 realizados
em condrocitos articulares demonstram que o estimulo por diferentes citocinas
pré—inflamatérias como IL-1, TNF-a e OsM, por exemplo, promovem o
recrutamento de fatores de transcricao especificos, como: NFkB, AP-1, Runx-2,

dependendo das vias de sinalizagcao implicadas preferencialmente, segundo o
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tipo celular'’3%41

. Estas vias de sinalizag&o intracelular sado constituidas por
grupos de proteinas que, ap6s a transdugédo do sinal para o interior celular,
participam de uma cascata de eventos de fosforilagcdo, que culminam na
ativacdo de fatores de transcricdo, promovendo assim a expressado de
determinado gene’®. Especificamente na regulagdo da expressio de MMP-13,
diversos estudos demonstram o envolvimento de diferentes cascatas de
proteinas kinase ativadas por mitdgenos (mitogen-activated protein kinases, ou
MAPK) como a familia de serina-threonina kinases: ERK-1 e -2 (extracellular-
regulated kinases)'*%%%; UNK (c-Jun N-terminal kinase)***', e p3g3436.8.62:63
ERK-1/2 sao kinases ativadas primariamente por mitégenos e fatores de
crescimento, enquanto considera-se que fatores indutores de estresse e
citocinas proé-inflamatoérias sejam os principais ativadores de JNKs e p38

kinases®*"®

, 0 que é suportado pela demonstracdo de que a ativagdo da via
MKK3-p38, (mitogen-activated protein kinase kinase 3-p38) promove a
transcricdo de citocinas pro-inflamatorias como TNF-q, IL-1, IL-6, PGE,*?. No
entanto, existem evidéncias de ativacdo cruzada e interagbes em diversos
niveis entre as principais vias das MAPKinases, incluindo ERK e p38°°%,

Diversos trabalhos in vitro tém sido realizados em fibroblastos do
ligamento periodontal, investigando o papel das MAPKinases na inducédo de
genes ligados a resposta inflamatéria por diferentes estimulos®*°8%2%3,

Um destes estudos avaliou o papel das MAPKinases na expressao e
regulacdo de MMP-13 em fibroblastos do ligamento periodontal em resposta a
estimulos inflamatérios®®. Foi constatado que a p38 MAPKinase esta envolvida
na regulacdo negativa da expressdao de MMP-13 induzida por IL-1B e TNF-q,

tanto a nivel de mRNA quanto de proteina. Este processo envolve mecanismos

transcricionais e ocorreu mesmo com a inibicdo de MKK3/6 (mitogen-activated
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protein kinase kinase 3/6), ativadores da p38 MAPKinase na cascata de
sinalizagao intracelular. No entanto, apds estimulo dessa mesma linhagem
celular com LPS bacteriano, a expressdo génica de MMP-13 foi regulada
positivamente (isto é, inibicdo da via de sinalizagdo resultou em reducdo da
expressao génica) tanto por p38 quanto por ERK MAPKinases®. Existem ainda
outros estudos enfatizando o crucial papel de p38 MAPKinase na expressao de
MMP-13 (induzida por TGF-B) em fibroblastos gengivais e de pele, com uma
menor atuagdo de ERK-1/2°%. Por outro lado, em condrécitos articulares, a
expressao de MMP-13 é mediada sobretudo por interagdo entre outras vias de
sinalizagao que n&o a de p38"".

Dessa forma, uma mesma via de sinalizagdo intracelular pode ser
ativada por diferentes estimulos e dependendo destes, promover uma
regulacado diferencial da MMP-13. Um mecanismo possivel é a existéncia de
ramificacdes e interagdes entre estas vias de sinalizagdo, o que pode resultar
na ativagao diferencial de fatores de transcri¢cao, repressores da transcrigéo ou
outros reguladores negativos os quais modularéo a expresséo génica de MMP-
13. Isto também pode ocorrer de forma indireta, com a indugdo de genes de
resposta precoce (por exemplo, PGE;) apds o estimulo, os quais irdo modular
a expressao de MMP-13%,

Estudo recente de El Mabrouk et al." em cultura primaria de condrdcitos
obtida de pacientes com artrite, demonstrou a participacdo nado s6 das
MAPKinases na expressao de MMP-13 induzida por OsM, mas sua interacao
com as vias JAK-STAT (Janus kinase-signal transducers and activators of
transcription) e PI3 kinase (phosphatidylinositol 3-kinase), sugerindo a inibicéo
de moléculas da cascata intracelular como alternativa terapéutica. Nesse

sentido, diversas formas de intervengcdo sobre a rede de citocinas tém sido
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exploradas, incluindo o uso de receptores soluveis, assim como de anticorpos
(como anticorpos anti-TNF-a no tratamento de artrite reumatdide™ e de
inibidores de vias de sinalizacdo intracelular no tratamento de cancer’. Para
isso, 0 conhecimento dos mecanismos de modulagcéo da expressao génica nos
diferentes niveis é fundamental.

Com relacao a MMP-13, os relatos da literatura evidenciam que sua
regulacéo é complexa e muitos pontos ainda necessitam ser elucidados, entre
eles, o papel das MAPKinases e outras vias de sinalizacao intracelulares, bem
como a participacdo de mecanismos transcricionais e pos—transcricionais de

regulacéo, eventos que estdo sumarizados na Figura 1.

FIGURA 1 — Esquema ilustrativo indicando como estimulos extracelulares distintos podem
ativar as mesmas vias de sinalizacao intracelular, levando a ativacédo diferencial de fatores de
transcri¢do, afetando assim a expressao dos genes-alvo por mecanismos transcricionais. Deve
se considerar também a existéncia de mecanismos poés-transcricionais de regulacdo, mediados
por proteinas capazes de se ligar ao mRNA, modulando a expressao génica ao afetar a meia-
vida do mRNA no citoplasma celular. Ha, ainda, a possibilidade de regulag&o indireta por meio
da modulagéo da expressédo de outros genes pelos mesmos estimulos extracelulares, bem
como de interac&o entre as vias de sinalizago intracelulares. E preciso considerar ainda que a
regulacao génica da MMP-13 pode variar segundo o tipo celular considerado.

Assim, uma melhor compreensdo dos mecanismos envolvidos na
regulacdo da expressdo de MMP-13 durante a patogénese da doenca

periodontal, também pode ser interessante para o entendimento de outras
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alteracbes com mecanismos patogénicos semelhantes, como a artrite
reumatdide, para o estudo de forma abrangente da resposta
inflamatoria/imune, como também ter importantes implicagdes terapéuticas. O
estudo em especial do papel das vias de sinalizagao intracelular envolvidas,
pode gerar novas estratégias com objetivo de inibir/minimizar o dano tecidual,
baseadas no uso de compostos bioquimicos que possam interferir nos
mecanismos de regulacdo da expressdo génica em nivel molecular, na

tentativa de modular assim a resposta inflamatéria.



Proposicéo

Considerando a relevancia da MMP-13 na patogénese das
doencas periodontais, este estudo teve como objetivos:

1 - Avaliar a expressao de MMP-13 em dois modelos de doenca
periodontal induzida por ligadura ou injecao de LPS em roedores.

2 - Determinar a ativagdo das vias de sinalizagdo intracelular
associadas a inflamagdo e correlacionar esta informagédo com a
atividade de diferentes fatores de transcricdo relevantes para a
expressao de MMP-13 em tecidos periodontais patologicamente

comprometidos de ratos.



CAPITULO1



Objetivo especifico: Avaliar a expressdo de MMP-13 em tecidos periodontais
patologicamente comprometidos em dois modelos de doencga periodontal

induzida por ligadura ou injecéo de LPS em roedores

Hipotese: A expressdo de MMP-13 € aumentada durante a doenca
periodontal. Contudo, os niveis variam segundo o tipo celular (células epiteliais,
fibroblastos gengivais, células do ligamento periodontal, osteoblastos,

osteoclastos, células inflamatorias) e natureza do estimulo extracelular.

Abordagem: A expresséo génica de MMP-13 durante a doenca periodontal foi
avaliada in vivo nos niveis de mRNA e proteina em amostras preparadas por
homogenados teciduais por meio de RT-PCR e Western Blot, respectivamente.
Além disso, a expressdo de MMP-13 foi correlacionada com os niveis de
inflamacéao tecidual avaliados por estereometria para as 2 formas de inducao

experimental da doenca periodontal.
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Abstract

Objective: Evaluate the expression of MMP-13 during the course of two models
experimentally-induced periodontal disease.

Background: MMP-13 is a collagenase with complex regulation that is associated with
various diseases characterized by destruction of mineralized and non-mineralized
connective tissues, including periodontitis.

Methods: Expression of MMP-13 at mRNA and protein levels was studied during the
course of experimentally-induced periodontal disease by reverse transcription
polymerase chain reaction (RT-PCR) and Western Blotting, respectively. Two
experimental models were used: LPS injections and ligature placement. 30 pug of a PBS
solution of LPS from Eschericia coli was injected twice a week into the palatal aspect
of upper molars. Ligatures were placed at the gingival margin around lower first molars.
A sham-operated group received injections of PBS vehicle on the palatal gingivae of
upper first molars whereas no ligatures were placed on the lower molars. Samples were
collected 5, 15 and 30 days after initiation of periodontal disease and processed for
extraction of total RNA and protein, as well as routinely processed for
histology/stereometry.

Results: Both experimental models produced a significant increase on the inflammatory
infiltrate that paralleled elevated levels of MMP-13 mRNA and protein at 5 and 15
days. The LPS model was associated with a sustained level of inflammation and
increased MMP-13 mRNA throughout the 30 days, whereas the ligature model showed
a decrease on the severity of inflammation and MMP-13 mRNA at the 30-day period.
Interestingly, MMP-13 protein levels were diametrically contrary to the mRNA levels,
suggesting that post-transcriptional regulatory mechanisms may play a role on MMP-13
regulation in vivo. Moreover, these mechanisms may be different and specific to each
experimental model.

Conclusion: MMP-13 expression during LPS- and ligature-induced experimental
periodontal disease follows the increase on severity of inflammation at the earliest
periods. At 30 days, there is a decrease on the severity of inflammation on the ligature
model, and post-transcriptional mechanisms may play a role in modulating MMP-13

protein availability.
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Introduction

The profile of cytokines expressed in the course the host immune response has a
fundamental role in the maintenance of homeostasis as well as in the initiation and
progression of a multitude of pathological processes, including those related with self-
immunity, infections and chronic inflammatory diseases, such as periodontal diseases[1,
2]. In chronic inflammatory diseases, the interplay between cytokines and their
antagonists will ultimately determine the severity and extent of tissue destruction[3, 4],
which may occur either as a direct effect of increased level of cytokines, or as an
indirect consequence of cytokine expression[4]. Various biological mediators that are
related with mineralized and non-mineralized tissue destruction can be induced by
increased levels of cytokines, including matrix metalloproteases (MMPs). MMPs are a
family of neutral proteases Zn/Ca-dependent with an essential role in extracellular
matrix (ECM) turnover and degradation, one of the most important events in many
physiological and pathological processes[5]. Indeed, excessive MMP levels are
observed in pathologies related to cartilage and connective tissue degradation, such as
rheumatoid arthritis and periodontal diseases[6]. The connective tissue affected in these
diseases is characterized by a high content of interstitial collagen, suggesting a
fundamental role for the collagenase subfamily of MMPs, which includes MMP-1,
MMP-2 and MMP-13. This important role of collagenases is based on the exclusive
ability of these enzymes to initiate the cleavage of the triple helical structure of
collagen[7]. Among the collagenases, MMP-13 or collagenase-3 has the widest
substrate pattern and presents the most strictly regulated expression[8, 9]. MMP-13 was
first described on a human breast carcinoma cDNA library[10] and has been related to a
number of pathological processes, including squamous cell carcinomas, tumor
metastasis, cardiovascular diseases[11], osteoarthritis, rheumatoid arthritis and
periodontal diseases[12]. MMP-13 gene expression is induced in various inflammatory
and resident cell types, such as condrocytes[13-17], endothelial cells[18],
osteoblasts[19], and fibroblasts[20] by many inflammatory mediators, including
inflammatory cytokines, prostaglandins (PGs)[3] and bacterial LPS.

Increased levels of TNF-alpha, IL-1f3, IL-6 and PGE2 levels are observed in
periodontal disease[21-27], which is a mixed and complex infection, with plenty of
bacterial antigens in the dental biofilm, including LPS. In vitro studies have shown that

inflammatory cytokines induced MMP-13 expression by resident cells from the
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periodontium[5, 9, 28, 29]. Also, in vivo studies have confirmed both the presence and
activity of MMP-13 in periodontal tissues during physiological events related to bone
and ECM turnover[30], as well as increased expression of MMP-13 in chronic
inflammatory periodontal diseases[12, 31, 32]. Evaluation of MMP-13 expression in
tissue samples and gingival crevicular fluid (GCF) from periodontal disease patients
shows high levels in sulcular epithelium, fibroblasts, and macrophages, in comparison
to healthy tissue samples [31]. MMP-13 presence has been associated with alveolar
bone resorption[33, 34]. Nevertheless, suitable MMP-13 levels are required for some
physiological events, such as endochondral bone development[35], as well as in
embryogenesis, normal bone repair, ovulation and healing[36]. Specifically in
periodontal disease, MMP-13 role in tissue repair and healing was suggested by the
considerable levels of MMP-13 verified even after non-surgical periodontal
treatment[12]. Moreover, literature reports on different pathological conditions indicate
a complex and differential MMP-13 expression and regulation, depending on cell
type[37] and extracellular stimuli[5, 38, 39]. Thus, a better understanding of MMP-13
expression pattern and regulation using a periodontal disease model might lead to
alternative therapies aiming at inhibiting and/or minimizing tissue destruction that may
be valuable for other pathologies as well.

Animal model studies have provided significant information on the pathogenesis
of periodontal diseases[40, 41]. Two experimental models of periodontal disease have
been used more commonly: injection of bacterial lipopolysaccharide (LPS) directly on
the gingival tissue; and the placement of a cotton ligature on the cervical portion of
posterior teeth. In rodents, both models have been shown to induce inflammation on the
connective tissue and alveolar bone resorption [42-45]. Even though the LPS injection
model has been shown, both in vitro and in vivo, to initiate chronic inflammation in the
connective tissue by inducing expression of various inflammatory mediators, including
MMP-13[39], and ultimately result in alveolar bone loss[45-47], the ligature-induced
model of experimental periodontitis is considered by some to be the most similar to
periodontitis in humans mainly because of the participation of live microorganisms with
diverse virulent factors other than LPS, known as pathogen-associated molecular
patterns (PAMPs). The greater diversity of antigens in the ligature model may result in
a more complex response by the host, since it may trigger various receptors in different
cell types, which my have an effect on the cytokine and inflammatory mediators

network. Thus, considering the relevant role suggested for MMP-13 in periodontal
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diseases and its differential regulation according to cell type and nature of extracellular
stimuli, this report evaluated the kinetics of MMP-13 expression in these two murine
models of experimentally-induced periodontal disease. The severity of the inflammation
on periodontal tissues during progression of periodontal disease in each experimental

model was also assessed.

Materials and methods

Experimental design

A total of 30 male adult Wistar rats (Rattus Norvegicus albinus) were
maintained under specific pathogen-free conditions with food and distilled water ad
libitum. The animals were weighed weekly to ensure proper growth and nutrition. The
rats were divided into two groups: A - Sham-control (n=6) were anesthetized but no
ligatures were placed on the lower molars and only the same volume of vehicle (PBS,
pH 7.4) was injected on the palatal aspect of upper molars. B - Experimental group
(n=24) in which the two models of experimental periodontal disease were implemented:
ligature placement on lower first molars and LPS injections on the palatal aspect of the
upper molars. The experimental protocol was approved by the Ethical Committee on
Animal Experimentation of the Biology Institute at the University at Campinas (IB-
UNICAMP) and performed in accordance with the guidelines from the Brazilian
College for Animal Experimentation (COBEA).

General anesthesia was induced with intraperitoneal injections of ketamine and
xylasine chloridrate at 0.08 mL/100g body weight and 0.04 mL/100g body weight,
respectively. Cotton threads were tied around the right and left lower 1st molars. For
LPS-injection model, 3 ul of a 10 mg/mL solution of Eschericia coli LPS (strain
055:B5 - Sigma Chem Co., St. Louis, MO, USA) in PBS was injected into the palatal
gingiva using a Hamilton micro-syringe (Agilent). The injections were done between
the upper Ist and 2nd molars bilaterally twice a week for 30 days with previous
sedation of the animals. Before the induction of periodontal disease, two animals from
negative control group were killed by carbon dioxide asphyxiation after being sedated.
5, 15, and 30 days after the initiation of experimental periodontal disease, 02 animals of
the control group and 08 animals of the experimental group were killed.

The maxillary and mandibular jaws were hemisected, and some of the block

sections including 1% and 2" molars with their surrounding tissues were submitted to
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routine histological processing to be used in the stereometry evaluation, whereas other
blocks were used for the extraction of total RNA and protein. For stereometry, 1 block
including the upper and 1 block including the lower molars of the control group was
analyzed per period, whereas 3 blocks of the upper and 3 blocks of the lower molars
were analyzed per period for the experimental group. These tissue blocks were
immersed directly in 10% buffered formalin fixative solution for 48 h and decalcified in
tetrasodium-EDTA aqueous solution (0.5 M, pH 7.4) during 2-3 months, under
agitation at room temperature. Each specimen consisted of a section containing the 1st
and 2nd molars and their surrounding alveolar process and were included in paraffin
blocks. Serial 4 uM sections were obtained in the bucco-lingual direction and stained

with hematoxylin-eosin (HE).

Stereometry

The inflammatory parameters were quantified, according to the score of
PMN/mononuclear cell inflammation described by Liu et al.[48]: 0, no inflammatory
cells; 1, slight inflammation (a few inflammatory cells); 2, moderate inflammation
(remarkable inflammatory cells scattered throughout the connective tissue above the
bone crest); 3, severe inflammation (predominance of inflammatory cells). The analysis
was conducted by a single examiner that was blind to the experimental groups using an
optical microscope (Diastar Cambridge) set at 200 X magnification. Semi-serial
sections of 4 uM were obtained from the tissue blocks on a buccal-lingual orientation. A
total of 3 sections were evaluated per tooth. Each of these 3 sections was spaced 100
uM from each other, in order to be representative of 300 uM extension from the middle
of the mesial root towards the distal aspect of the first molars. Each histological section
was divided into thirds that received individual scores. An imaginary lower limit was
represented by a horizontal line drawn at the top of the bone crest, and the soft tissue
above this line was divided into the following thirds: 1 - near to the tooth; 2 - the middle
portion; 3 — near the oral epithelium (Figure 2). In the slides of the lower molars
(ligature model), both buccal and lingual aspects were examined, whereas on slides
from the upper molars (LPS model) only the palatal aspect was analyzed. The scores for
each model (control, LPS or ligatures) and area (mesial, mid, distal) were averaged for
each period. All evaluations were repeated three times independently by the single

examiner to assess the consistency on scoring criteria.
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Semi-quantitative RT-PCR

Total RNA was extracted from tissue samples using Trizol reagent according to
the manufacturer’s instructions. The quantity and purity of total RNA were determined
on a Biomate 3 (Thermo Electron Corporation) spectrophotometer by the 260 nM and
260/280 nM ratio readings, respectively. Complementary DNA was synthesized by
reverse transcription of 800 ng of total RNA using 2.5 uM Oligo (dT) 12-18 primers
and 1.25 U/uL Moloney murine leukemia virus reverse transcriptase in the presence of 3
mM MgCl,, 2 mM dNTPs and 0.8 U/uL of RNAse inhibitor, according to the
manufacturer’s protocol (Improm II — Promega). The PCR reaction was performed in a
MyCycler (Bio-Rad) thermocycler using 2ul. of the RT reaction product on a 25 uL
total volume PCR reaction mix (GoTaq Flexi, Promega) that contained: nuclease free
water, PCR buffer, Taqg DNA polymerase, 0.8 mM dNTPs, 1.5 mM MgCl, for GAPDH
and 2.5mM MgCl, for MMP-13, in the presence of 100 pmol/ul of each gene’s primers
(50 pmol/ul of sense and antisense primers) for both genes. Optimyzed cycling
conditions used for MMP-13 was: initial denaturation at 95°C for 2 min and 35 cycles
of: 95°C for 1 min, 60°C for 1 min, 72°C for 2 min, followed by a final extension step
at 72°C for 10 min . For GAPDH primers the cycling conditions were as follows: initial
denaturation at 95°C for 2 min and 25 cycles of: 95°C for 1 min, 52°C for 1 min, 72°C
for 1 min and a final extension step at 72°C for 10 min. The PCR primer sequences and
PCR conditions are shown in Table 1. The PCR products were resolved by
electrophoresis on 1.5% (w/v) agarose gels containing ethidium bromide (0.5 pg/mL) to
visualize the PCR products. The amplified DNA bands were analyzed densitometrically
after digital imaging capture (Image Quant 100 - GE Healthcare), using Image J 1.32;j
software (National Institute of Health, USA — http://rsb.info.nih.gov/ij/). The density of
the bands corresponding to MMP-13 mRNA in each sample was normalized to the
density of the band representing the housekeeping gene GAPDH and expressed as fold
change over unstimulated control.

Table 1 —Primer pairs and cycling conditions.

Gene Primers (5’ - 3’) Acession# Ta Amplicon Cycles
Sense (S) and antisense (AS) (OC)

GAPDH CACCATGGAGAAGGCCGGGG -8 BC083065 52 418 bp 25
GACGGACACATTGGGGGTAG — AS

MMP13 GGTCCCAAACGAACTTAACTTACA —S NMO008607 60 445 bp 35

CCTTGAACGTCATCATCAGGAAGC - AS
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Western Blot

Total proteins were extracted from gingival tissue samples using a detergent-
based extraction buffer (T-PER, Tissue Protein Extraction Reagent - Pierce) containing
a protease inhibitor cocktail (Protein Stabilizing Cocktail — Santa Cruz Biotechnology)
according to manufacturer’s instructions (Pierce Biotechnology). The tissue samples
were macerated in the buffer (50 pL / mg of tissue) and centrifuged for 5 min at 13,000
RPM at 4°C. The supernatant was collected and subsequently concentrated with
centrifuge filter devices (Microcon YM-10 - Millipore Corp) at 14,000g for 25 min at
room temperature. The concentrated supernatants were quantified using a Bradford
protein quantification system (Bio-Rad) and 40 ug of total protein were added to a SDS
sample buffer containing 2% SDS, DTT as a reducing agent, glycerol and bromophenol
blue dye (Cell Signaling), heated-denaturated at 97° C for 5 min and chilled on ice of 5
min before loading on 10% SDS-polyacrylamide gels.

Electrophoresis on discontinuous acrylamide gels were carried out at 100 V for
90 min and subsequently electro-transferred to 0.2 uM nitrocellulose membranes using
300 mA constant current for 1 hour. The membranes were blocked for 1h in Tris-
buffered saline containing 5% non-fat dry milk and 0.1% Tween-20 and subsequently
washed for 5 min (3 times) with TBS-0.1% Tween at room temperature. The
membranes were then incubated with primary antibody overnight at 4°C (1:50 dilution
in PBS - Ab3 LIPCO II D1 — Lab Vision Neomarkers). Membranes were washed in
TBS-T buffer for 5 minutes (3 times) and incubated with secondary antibodies
conjugated to horseradish peroxidase (1:1000 dilution in the blocking buffer) for 1 hour
at room temperature, washed again with TBS-T buffer (5 min, 3 times). Detection of
MMP-13 bands was carried out on radiographic film by using a chemiluminescence

system (Lumi-Glo, Cell Signaling).

Results

LPS model induced sustained inflammatory changes, whereas ligature-induced
periodontitis presented a decrease on severity of inflammation after 30 days

H/E stained sections were analyzed and revealed differences on the localization
of the inflammatory infiltrate according to the experimental model: on LPS injection

model, the inflammation was located on the vicinity of the alveolar bone crest; whereas
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on the ligature model it was located subjacent to the gingival sulcus (Figure 1).
Inflammation scores for each experimental model in each period were compared to
control and to each other by non-parametric analysis of variance followed by Dunn
multiple comparisons test (Figure 2). Interestingly, both experimental models presented
the highest inflammatory score at the 5-day period, and the severity of inflammation
was significantly higher in comparison to the control group throughout the 30-day
experimental period. On the ligature model, a significant decrease on the severity of
inflammation is observed at the 30-day period. Even though the scores for ligature
model were somewhat higher than those of the LPS model at the 5 and 15-day periods,

no decrease was observed in the LPS model at the 30-day period.

Differential LPS- and ligature-induced MMP-13 mRNA expression pattern is consistent
with the inflammatory status

In comparison to the control group, MMP-13 expression had a significant
increase already at the 5 days in LPS model, which was sustained during the remaining
experimental periods (Figure 3). The ligature model showed an evident increase MMP-
13 expression after 5 and 15 days, followed by a significant decrease on day 30. These
results mirror those of the stereometry for the severity of the inflammation as presented
before and indicate a strong correlation of the inflammatory status and the expression of
MMP-13 at the mRNA level. It’s well documented that the expression of MMP-13 is
expressed at low levels in healthy periodontal tissues where this collagenase is related to
the physiological turnover processes[9, 12, 30]. Our results are in accordance with these

findings.

Lack of transcription-translation coupling on MMP-13 expression in experimental
periodontal disease

In parallel to the severity of inflammation and expression of MMP-13 at the
mRNA level, a significant increase on MMP-13 protein expression was observed in
both LPS and ligature models already at day 5. However, in contrast to the stereometry
and RT-PCR results, a significant decrease on MMP-13 protein at the 30-day period
was noted on the LPS model (Figure 4), whereas in the ligature sites increased MMP-13
protein levels were sustained throughout the experimental period. Moreover, the highest
levels of MMP-13 protein expression on ligature-induced periodontal disease were

verified at the 30-day period. This was a surprising finding, since the 30-day period of
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ligature sites was associated with the lowest levels of inflammation and MMP-13
mRNA for this model of experimentally-induced periodontal disease. The lack of
transcription-translation coupling for MMP-13 expression suggests that post-
transcriptional mechanisms may play important roles on the regulation of MMP-13 gene

expression.

Discussion

Experimental animal models of periodontitis are widely used for a better
understanding of periodontal disease pathogenesis[40, 41] and as a chronic
inflammation model may provide information that is useful to other conditions, such as
rheumatoid arthritis. Since the composition of periodontal tissues include various types
of collagen and considering that MMP-13 has a wide substrate base, an increased
production may play an important role in the breakdown of mineralized and non-
mineralized connective tissue during periodontitis progression. This is supported by
studies associating increased levels of MMP-13 with various pathologies that are
characterized by destruction of bone, cartilage and non-mineralized connective
tissues[33, 34]. Thus, MMP-13 can be considered an important biological mediator of
host-response in inflammatory conditions, including periodontal disease, and the study
of temporal pattern of MMP-13 expression during the pathogenesis of experimentally-
induced periodontal disease can provide more information on the role of this
collagenase that may be utilized to generate alternative therapeutic strategies based on
the modulation of gene expression.

However, MMP-13 is a gene of complex regulation with reports indicating that
both transcriptional and post-transcriptional mechanisms are involved; and it is also
well documented that MMP-13 regulation depends on cellular type[37] and extracellular
stimuli[5, 38, 39]. In this report we evaluated the kinetics of MMP-13 expression in the
gingival tissues using the two most commonly used experimental models of periodontal
disease: LPS injections and ligature placement. Both models have been used by a great
number of studies and lead to the development of an inflammatory reaction and
resorption of alveolar bone crest[45, 49-51], which are the main features of periodontal
disease in humans. In the ligature model, accumulation of a complex biofilm of live
microorganisms provides greater similarity with the periodontal disease in humans since

various PAMPs are present, including toxins, enzymes, metabolic by-products,
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zymosan, flagellin, CpG DNA, peptidoglycan and LPS; however there is also the
component of mechanical trauma associated with the placement of these ligatures. In
the LPS injection model there is more control over the intensity of the antigenic
stimulation, which initially is also more specific, since it is restrict to the activation of
TLR receptors. LPS can mediate tissue destruction by activating different cell types
present in the periodontal tissues, including: fibroblasts, lymphocytes, osteoblasts[52]
and also by stimulating osteoclastogenesis[45]. These initial effects of LPS result in a
complex host response represented by the production and release of an array of
inflammatory mediators by these activated cells[53], including PGs, cytokines and
MMPs, as demonstrated in previous in vitro studies by our group[39, 54].

Our results indicate that a significant inflammatory reaction was induced in both
models already 5 days after beginning of periodontal disease induction. The
inflammatory response elicited in LPS and ligature models differed only at the end of
the 30-day experimental period, when a significant decrease on the severity of
inflammation was noted only in the ligature sites. Interestingly, the kinetics of MMP-13
expression at the mRNA level paralleled the severity of inflammation on both models,
including the decrease on ligature sites at the 30-day period, suggesting that
inflammatory cells could be the main source of MMP-13 mRNA in gingival tissues.
This is further supported by the finding that no decrease on MMP-13 mRNA was
observed with the LPS model, which was also characterized by sustained inflammation
severity. The predominance of PMNs and low levels of plasma cells and leucocytes
during periodontal disease development has been traditionally observed in rats[41], so
these cells alongside with macrophages could be the main source of MMP-13 mRNA.
We have previously shown that MMP-13 expression can be induced on periodontal
tissue cells by proinflammatory cytokines[5], which have been found in increased levels
in periodontally diseased sites[21-27]. Thus, the increased accumulation of
inflammatory cells observed in both experimental models could be associated with the
production of proinflammatory cytokines and, consequently, MMP-13 expression.
Expression of MMP-13 mRNA in LPS model increased in a time-dependent manner in
accordance with the sustained inflammation and greater density of inflammatory cells.
These cells might have produced inflammatory cytokines in response to LPS, which
may have resulted in autocrine and paracrine induction of MMP-13 in a cytokine

network of increasing complexity over time.
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However, it was unexpected to find that the MMP-13 protein levels did not
accompany the mRNA levels. In spite of the reports indicating a role for post-
transcriptional mechanisms on gene regulation of MMP-13 in vitro, we could not find
any study reporting this finding in vivo. Interestingly, on ligature model samples, the
protein levels of MMP-13 increased towards the end of the experimental period,
whereas on LPS model samples the levels of MMP-13 protein were maximum at 5 days
and decreased thereafter. This lack of transcription-translation coupling points to a
significant role of post-transcriptional mechanisms during periodontal disease in vivo, as
already demonstrated for rheumatoid arthritis[55]. Moreover, these mechanisms seemed
to be reciprocal with the mRNA levels and also to depend on the model, since when
MMP-13 mRNA was elevated at 30 days in the LPS model, protein levels were low,
whereas when MMP-13 mRNA was decreased at 30 days in the ligature model, protein
levels were elevated. So, on the LPS model a positive regulation of MMP-13 protein
levels was associated with post-transcriptional mechanisms, whereas on the ligature
model post-transcriptional mechanisms resulted in a negative regulation of MMP-13
protein levels. It will be interesting to find out if this differential regulation of MMP-13
protein levels according to the model of experimentally-induced periodontal disease
results from the activation of different post-transcriptional mechanisms.

It is important to note that there are important differences both on the microbial
species from which LPS was purified, as well as on the regimen of administration used
on the studies that employed this model[44, 56]. Importantly, LPS from the
periodontophatic microorganism Porphyromonas gingivalis is shown to activate TLR-
2[57, 58], whereas LPS from most other species activate TLR-4. Also, even though our
regimen was of two LPS injections/week, other authors used a regimen of three
injections/week[56] or even a single injection[59], the total dosage of LPS/week was
very high (60 pg/week) and resulted in significant inflammation and bone loss.

Another unexpected finding was that the ligature model did not result in
inflammation of increasing severity; in fact it did not even induce a sustained severity of
inflammation throughout the experimental period. It has been reported that ligature
model promotes an inflammatory infiltrate, characterized by increased recruitment and
activation of leukocytes, which ultimately results in periodontal tissue damage[41, 49,
50, 60]. Even though we did observe significant inflammation at 5 and 15 days, there
was a decrease on the severity at 30 days, which hypothetically could be ascribed to a

protective feature of periodontal tissues that receded apically from the aggression
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located on the gingival margin, in an attempt escape from the aggression and recover
the biological space. Moreover, the ligatures were placed around the cervical portion of
the teeth, in contact with the gingival margin, but without pushing them subgingivally.
Once placed, the ligatures were kept throughout the 30-day experimental period,
however they were not pushed further apically even if the gingival margin had receded.
Interestingly, the ligature model had the slightly higher scores for the severity of
inflammation in comparison to LPS model on days 5 and 15 of the experimental period.
At the earliest period this could be partly attributed to the mechanical trauma associated
with the placing of ligatures, however at 15 days inflammation is most likely associated
with the activation of different TLRs through the several PAMPs present in ligature
microenvironment and of cytokine receptors by the cytokine network established.
Besides the simultaneous activation of various receptors that may result in a more
severe and complex inflammatory response, it is also been shown that some bacterial
antigens act synergistically as shown by the concomitant application of LPS and
bacterial proteases in the gingival sulcus of rats[47].

The complex interaction of bacterial antigens and host-derived cytokines that
will ultimately establish the cytokine network requires the activation of several
signaling pathways and various molecular mechanisms for gene regulation are likely to
be involved[61]. The differential expression profile of MMP-13 found in the LPS and
ligature experimental models could be related to the specificities of signaling pathways
activated in each model, which is supported by previous evidence that regulation of
MMP-13 depends on the nature of extracellular stimulation[5, 39]. We showed that
MMP-13 expression at mRNA and protein levels was differentially regulated in LPS
and ligature-induced models, moreover that post-transcriptional mechanisms are likely
to be involved in gene regulation in vivo. Further studies are already under way to get a
better insight into the molecular mechanisms responsible for MMP-13 expression and

regulation during chronic inflammation.
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Figure Legends

Figure 1 — Representative images of each experimental period (5, 15 and 30 days) are
shown according to the method of induction of experimental periodontal disease (LPS
or ligatures). Transversal sections from maxilla and mandibula showed that LPS model
induced sustained inflammatory changes, whereas ligature-induced periodontitis

presented a decrease on severity of inflammation after 30 days (H/E; x200).

Figure 2 — Stereometric analysis of the inflammatory changes associated with each
model of experimentally-induced periodontal disease. Severity of inflammation was
evaluated in H/E stained sections using a score of the density of inflammatory cells. The
sections were divided in thirds from the tooth surface to the oral epithelium, as indicated
on the figure, and represent the following: 1-lateral to the tooth, 2-mid-portion between
the tooth and the oral epithelium, 3-outer third, close to the oral epithelium. For the
ligature model both vestibular and lingual aspects of the tooth were considered, whereas
in the LPS model only the palatal aspect was analyzed. The results are shown on the
vertical scatter plot graphs for the LPS and Ligature models, and indicate a significant
decrease on the severity of inflammation at 30 days ( p<0.05 and ! p<0.05, Kruskal-
Wallis followed by Dunn multiple comparisons test). The LPS model presented a
sustained severity of inflammation. Sections from at least three animals per period and

model were analyzed.

Figure 3 — MMP-13 expression profile during the course of experimentally-
induced periodontal disease. RT-PCR shows that MMP-13 mRNA expression is
differentially regulated according to the experimental model. MMP-13 expression
induced by LPS (A) and ligature (B) models increases significantly already at 5 days,
maintaining elevated levels in both models at 15 days. At 30 days, there is a significant
decrease on MMP-13 mRNA only on ligature model sites. The gel images are
representative of at least three independent samples per experimental period, and the bar
graphs depict the results of the densitometric analysis. MMP-13 mRNA expression was
normalized to the expression of the house-keeping gene GAPDH. The bars represent

mean fold changes and the vertical lines the standard deviation of the mean fold change
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in comparison to untreated control (*p<0.05, One-sample t test). The ! indicates a

significant difference (p<0.05) from other experimental periods.

Figure 4 — MMP-13 protein expression does not agree with the mRNA levels. 40 ng
of total protein were loaded on discontinuous SDS-acrylamide gels, electrophoretically
separated and transferred to nitrocellulose membranes. Both pro-active (48kDa) and
active (60 kDa) forms are visible on the images. Even though MMP-13 protein
paralleled the mRNA levels at 5 and 15 days in the LPS (A) and ligature (B) models, at
30 days protein expression levels were diametrically opposite to mRNA levels in both
models. This suggests participation of post-transcriptional mechanisms on MMP-13
gene regulation. The images are representative of the results obtained using samples
from at least 4 different animals per period and experimental model. ! p<0.05, One-
sample t test. The * indicates a significant difference (p<0.05, One-sample t test) from

control group.
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CAPITULO?2



Objetivo especifico: Determinar a ativagdo das vias de sinalizagéo
intracelulares associadas com a resposta inflamatéria e correlacionar esta
informag@o com a atividade de diferentes fatores de transcricéo relevantes para

a expressao de MMP-13 e destruicdo dos tecidos conjuntivo e 6sseo.

Hipotese: Ha uma ativacao diferencial das vias de sinalizagédo segundo o tipo
celular ou tecido durante a doencga periodontal. As vias de sinalizag&o ativadas
irdo induzir diferentes fatores de transcricdo e esta atividade pode ser
correlacionada com a destruicdo tecidual e com os niveis de expressao de
MMP-13.

Abordagem: As vias de sinalizacdo (p38, ERK MAPkinases) e fatores de
transcricdo (STAT3, STAT5 e NF-kB) ativados durante a doenga periodontal
foram estudados por eletroforese em gel de acrilamida (Western blot) em

amostras de proteina total extraidas dos tecidos periodontais.
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Abstract

Objective: Evaluate the signaling pathways activated during the course of two models
experimentally-induced periodontal disease.

Background: Regulation of gene expression results from the activation of signaling
pathways initiated by receptor-ligand binding of external antigens and also of cytokines
produced by the host immune system. Understanding the signaling pathways relevant
for a given condition may provide information useful on a therapeutic approach.
Methods: Activation of signaling pathways associated with the expression of
inflammatory mediators was studied during the course of experimentally-induced
periodontal disease by Western Blotting. Two experimental models were used: LPS
injections and ligature placement. 30 ug of a PBS solution of LPS from Eschericia coli
was injected twice a week into the palatal aspect of upper molars. Ligatures were placed
at the gingival margin around lower first molars. A sham-operated group received
injections of PBS vehicle on the palatal gingivae of upper first molars whereas no
ligatures were placed on the lower molars. Samples were collected 5, 15 and 30 days
after initiation of periodontal disease and processed for extraction of total protein, as
well as routinely processed for histology/stereometry.

Results: Ligature model was associated with rapid and transient activation of p38 and
ERK MAPK as well as of NF-kB. Activation of these signaling pathways on the LPS
model was delayed but sustained throughout the 30-day experimental period.
Inflammatory changes induced by both models were similar; however there was a
significant reduction on the severity of inflammation on the ligature model, which
paralleled the decrease observed on activation of the signaling pathways. Interestingly,
activation of STATS3, especially on Tyrosine residues, and of STATS was verified only
on ligature model.

Conclusion: p38 and ERK MAPKinases, as well as NF-kB were activated during the
course of LPS- and ligature-induced experimental periodontal disease in parallel with
the severity of inflammation; however with different kinetics. STAT3 and STATS

activation was noted only on ligature-induced model.
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Introduction

In recent years periodontal research has been increasingly focusing on the
understanding of the host immune response to the microorganisms in the dental biofilm
(12). This is because current knowledge attributes most of the mineralized and non-
mineralized tissue destruction associated with the progress of destructive periodontal
diseases to a general imbalance on the production of host-derived biological mediators.
This imbalance is triggered by the microorganisms in the dental biofilm and also
possibly modified by genetic variations as well as environmental or acquired host
conditions (26, 28, 43).

The hallmark of destructive periodontal disease is the overproduction of
cytokines and other inflammatory mediators, which is similar to other chronic diseases,
including conditions of non-infectious origin such as rheumatoid arthritis (16).
Production of cytokines and inflammatory mediators is usually a tightly-controlled
process which is always initiated by external stimuli, or ‘signals’ that are rapidly
transduced through the cytoplasm and into the nucleus where gene expression starts
with the transcription of DNA into pre-mRNA. From this very start to the final
assembly of the biologically-active protein, there are a great number of regulatory
mechanisms that can affect gene expression and the signaling pathways activated
participate in many of these mechanisms, both at transcriptional and post-transcriptional
levels.

Uncontrolled overproduction of cytokines has serious consequences to the
organism and is documented in a number of diseases, including cancer and autoimmune
diseases. Thus, cytokine production is a fast and transient process, initiated and
controlled by an even faster mechanism represented by the signaling pathways. These
are generally composed by proteins arranged in a general hierarquical order that allows
the flow of information from the outside of the cell to the nucleus (32). Thus, proteins
that can sense the external signal (receptors) convey the message to a variable number
of cytosolic proteins that can interact with other proteins and induce post-translational
modifications that transfer energy, provoking changes in the tridimensional
conformation of the target proteins which ultimately modulate their biological activity.
The most common of these post-translational modifications is phosphorylation by
kinases because it is very fast, reversible and does not require de novo protein

production. Interestingly, the proteins comprising many of the signaling pathways are
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very conserved among different species of organisms indicating their fundamental role
in many essential physiological reactions. Some of these signaling pathways have also a
relevant role in diverse pathological conditions, demonstrating their multivalency. For
instance, the p38 MAPK pathway is involved in the control of cell proliferation and also
in the transduction of inflammatory and stress signals (9), with many reports indicating
its relevance in disease processes including rheumatoid arthritis (23, 24, 48) and
periodontal disease (17).

Other interesting facts include the possibility of cross-talk and interaction among
different signaling pathways that are simultaneously activated by the same external
signal; the cell- and tissue- specificity of signaling pathways activated by the same
external signal; and the specific effects resulting from the activation of a given signaling
pathway depending on the nature of the external stimuli.

Specifically in periodontal disease, in spite of a great deal of information
available on the expression of inflammatory cytokines, we could not find any reports on
the signaling pathways activated in vivo. The cytokine profile associated with
periodontal disease in vivo varies and includes both Thl- and Th2-type responses. IL-
la, IL-1B, IL-8 and TNF-o mRNA were detected in macrophages present in inflamed
gingival tissues (21), whereas Th-2 cytokine IL-4 and pleiotropic IL-6 protein were also
observed in diseased periodontal tissues (51). The type of periodontal disease, gingivitis
with no bone resorption or periodontitis, has been associated with a characteristic
cytokine profile. Thus, expression of Thl-type cytokines has been associated with
gingivitis, whereas Th2 cytokines were found in higher levels on periodontitis-affected
tissues (18, 45), even though this distinction was not clear-cut with both Th1 and Th2
cytokines being produced in gingivitis and periodontitis affected tissues and the
predominant profile may determine the activity of tissue destruction (8, 41, 50).

Since the cytokine network established in diseased periodontal tissues is very
complex and may be subject to shifts depending on disease activity (4, 52), and also due
to the redundant and overlapping role of many cytokines, understanding the signaling
pathways involved in cytokine gene expression may provide an alternative approach for
the modulation of host response affecting the whole cytokine profile.

The rationale for this research approach is that once the signaling pathways
governing cytokine production during periodontal disease are understood, it may be

possible to use a therapeutic strategy based on the selective inhibition of signal
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transduction to affect the cytokine profile and, consequently, the outcome of the host
response (16, 17).

In this study we provide information on the kinetics of signaling pathways
activated in two models of experimentally-induced periodontal disease. We focused on
pathways that were shown to be relevant for inflammatory diseases and/or for
expression of cytokines that are associated with mineralized and non-mineralized
connective tissue destruction, including p38 and ERK MAPKinases, STAT-3 and
STAT-5 and NF-kB.

Methods

Animals and experimental periodontal disease models

Thirty male adult Wistar rats (Norvegicus albinus) obtained from the
Multidisciplinary Center for Biological Investigation (CEMIB-UNICAMP), weighing
approximately 250 g each were housed under specific pathogen free conditions at the
animal facility of the Department of Microbiology and Immunology, Biology Institute -
State University of Campinas (IB-UNICAMP). The animals were housed in pairs with
food and distilled water ad libitum, and the study protocol was conducted according to
the recommendations of the Brazilian College of Animal Experimentation (COBEA)
and approved by the Animal Experiments Ethics Committee — UNICAMP (CEEA).

Two experimental models of periodontal disease were used: ligature-induced
periodontal disease at the lower first molars and LPS-injections at the palatal aspect of
upper first molars of the same animals. A total of 6 animals were used as sham-controls:
they were anesthetized but no ligatures were placed on the lower molars and only the
same volume of vehicle (PBS, pH 7.4) was injected on the palatal aspect of upper
molars.

For the injection procedures, anesthesia was induced with IP injections of a 2:1
mixture of ketamine and xylazine (80 pL and 40 pL per 100g of body weight,
respectively). The test group (n=12) received a 3 pL injection of a 10 pug/ul PBS
suspension of E. coli LPS (strain 055:B5, Sigma-Aldrich Chemical Co.) with a 33-
gauge Hamilton syringe to the palatal interproximal gingivae at the mesial aspect of the
first molars. Injections were performed 2 times per week. This protocol was modified

from a previous publication (34). After obtaining a slight separation between the first
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and second molars with an endodontic file, cotton thread ligatures were placed
subgingivally around both lower first molars of all animals in the test group at day 0
using a pair of modified tweezers.

Two control and 8 experimental animals were killed by an overdose of
anesthetics at each of the experimental periods of 5, 15 and 30 days. For all
experimental animals, one randomly determined side of the lower and upper jaw was
removed (n=5) for each method of periodontal disease induction and period), trimmed
to retain only the first molars and surrounding tissues and fixed in 10% buffered
formalin for 48 h at 4 C. Three samples from each jaw were prepared in the same way
from the control animals. These samples were decalcified in 0.5M EDTA pH 8.0 for 4
to 6 weeks, embedded in paraffin and subsequently were used for the stereometric
analysis after routine histological processing and staining with hematoxylin and eosin.
Soft tissue samples were obtained from the remaining areas of control and experimental

animals and total protein was extracted for Western blot analysis.

Stereometric analysis

Semi-serial sections of 4 uM were obtained from the tissue blocks on a buccal-
lingual orientation. The sections were processed for regular H/E staining, and a total of
3 sections were evaluated per tissue block. Each of these three sections was spaced 100
uM from each other, in order to be representative of 300 uM extension from the middle
of the mesial root towards the distal aspect of the first molars. A point-counting
technique was used to evaluate the proportion of the following structures on the H/E-
stained sections: fibroblastic cells, collagen, vascular structures and inflammatory cells.
Two areas were assessed individually by a single examiner who was blind to the
experimental groups: a submarginal area, representing the connective tissue subjacent to
the gingival sulcus (apical border of junctional epithelium and tooth structure as the
coronal and medial limits, respectively); and a bone crest area, representing the
connective tissue adjacent to the bone crest (a horizontal limit was set 25 uM below the
most coronal portion of the bone crest as the apical limit, whereas the tooth structure
was the medial limit). A 250 pM?* square-lattice grid was constructed using an image
software (Adobe Photoshop, 7.0) and the type of structure found on the intersection of
the grid lines was counted on a optical microscope (Diastar-Cambridge Instruments)

under 200X magnification. The actual area assessed in each section varied due to
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differences on the volume of soft tissue above the bone crest, but the presence of each
structure was normalized to the total area analyzed in each section and is expressed as a

percentage of the total area analyzed.

Western blot

Activation of the selected signaling pathways (NF-«xB, p38 and ERK
MAPKinases, STAT-3 and STAT-5) was evaluated in total protein extracted from
tissue samples harvested at the different experimental periods. These protein samples
were harvested by tissue homogenization in a commercially obtained extraction buffer
(T-Per, Pierce Biotechnology) supplemented with aprotinin, leupeptin, PMSF and
sodium orthovanadate as protease and phosphatase inhibitors on ice, followed by
centrifugation at 9,000 RPM at 4 C for 5 minutes. The supernatants were transferred to
a new tube, subjected to three cycles of freeze (-80 C) / thawing (37 C) for complete
lysis of cellular membranes and quantitated using the Bradford method (Bio-Rad Lab.).
40 pg of total protein were added to a sample buffer containing glycerol, SDS and DTT,
heat-denatured at 95 C for 5 minutes and subsequently loaded on SDS-polyacrylamide
gels.

The proteins were electrophoretically separated on 10% Tris-Cl polyacrylamide
gels run at 100 V for 90 min and subsequently electro-transferred to 0.2 uM
nitrocellulose membranes (300 mA constant current for 60 minutes). The membranes
were blocked (Tris-buffered saline with 5% non-fat dry milk, 0.1% Tween-20) for 1
hour at room temperature and then incubated overnight at 4°C with primary antibodies
against the phosphorylated forms of the proteins of interest. The presence of the primary
antibodies was detected on radiographic film by using HRP-conjugated secondary
antibodies and a chemiluminescence system (Lumi-Glo, Cell Signaling). The
membranes were stripped off both primary and secondary antibodies by incubation in
stripping buffer (100 mM 2-mercaptoethanol, 2% SDS, 62.5 mM Tris-Cl, pH 6.7) for
15 minutes at room temperature followed by 10-minute wash in dH,O (2x) and a final
10-minute wash in Tris-buffered saline containing 0.1% Tween-20. After stripping, the
membranes were blocked as described previously and incubated with antibodies against
GAPDH to verify equal loading of the wells. Digitalized images of the radiographic

films were obtained in a gel documentation system (ImageQuant 100, GE Lifesciences)
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and densitometric measurements were obtained using Image] 1.37v software (NIH,

Bethesda, MD, USA).

Results

p38, ERK MAPKinases and NF-kB are activated with different kinetics in LPS-

and ligature-induced periodontal disease

Significant activation of ERK, p38 and NF-kB was observed already at 5 days
with ligature-induced periodontal disease, whereas on LPS-injected sites both p38 and
NF-kB were significantly activated only after 15 to 30 days (Figures 1 and 2). This may
be due to a differential utilization of these signaling pathways by the receptors activated
in each method. Since LPS activates mainly TLR-4, on ligature sites other receptors
might be activated due to the presence of increased number of viable microorganisms
secreting toxins and with participation of other pathogen-associated molecular patterns
capable of activating other TLRs, including CpG DNA, flagellin and zymosan.
Interestingly, only ERK MAPK was significantly activated at 5 days on LPS-injected
sites, suggesting direct and preferential utilization of this pathway by TLR-4 signaling.
Another interesting finding is the decrease on the activation of these MAPKinases on
ligature sites after 15 and 30 days. This was unexpected, since the common belief was
that if ligatures are maintained long enough, inflammation would persist and the teeth
would be exfoliated due to severe loss of periodontal support. On the other hand, LPS
sites showed sustained activation of both MAPKinases through days 15 and 30. The
stereometric analysis supports these results, since the density of inflammatory cells
decreased on the proximity of the bone crest at days 15 and 30 (Figure 4). This decrease
may explained by a initial resorption of the bone crest and apical displacement of
supporting tissues caused by the ligatures, allowing the organism to increase the
distance between the bone crest area and the aggression (ligatures), returning to a
homeostasis state. Activation of NF-kB also occurred early on ligature in comparison to
LPS sites, however, in contrast to the MAPKinases it was sustained throughout the 30-
day experimental period. Delayed activation of NF-«kB is consistent with a preferred

utilization of TLR-4 in LPS sites.
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STAT3 and STATS are preferentially activated on ligature-induced periodontal

disease model

On LPS sites there was a discrete activation by phosphorylation of Serine
residues of STAT3 starting at day 5, however this activation only reached statistical
significance at 30 days. On the other hand, Tyrosine residue phosphorylation of STAT3,
as well as phosphorylation of STATS were not observed with the LPS model, but were
noticed on ligature sites at days 15 and 30, respectively (Figures 1 and 2). The more
complex signaling network induced by ligatures may explain the increased activation of

both STAT3, and STATS in comparison to LPS sites after 15 to 30 days.

Inflammation induced by ligatures and LPS is similar, but LPS-induced

inflammatory reaction is sustained on the proximity of the bone crest

Both LPS and ligatures induced an obvious inflammatory reaction, as indicated
on the illustrative images (Figure 3) and stereometric analysis results (Figure 4). This
reaction is represented by a significant increase on the numbers of inflammatory cells
and vascular structures. The general change on the composition of the connective tissue,
including a decrease on the number of fibroblasts and on the density of collagen is a
common finding in periodontal disease. The characteristics of inflammation induced by
LPS and ligatures are similar, however the severity of inflammation in the area of the
bone crest decreased on ligature sites towards the end of the 30-day experimental
period. This is shown by the non-significant difference on the number of inflammatory
cells between the control sites and 30-day ligature sites, as well as the trend of
increasing number of fibroblasts and collagen from 15 to 30 days. In spite of subtle and
sometimes non-statistically significant differences, this suggests an attempt of damage
repair that is noticeable only on ligature sites. Since inflammation associated with
ligatures initiate on the gingival margin because of both mechanical trauma as well as
increased dental biofilm accumulation, it is possible that initial damage, represented by
the increased severity of inflammation at the bone crest area on day 5 after ligature
placement, may in fact increase the distance between the bone crest area and the
ligatures. This hypothesis would also explain why this trend of decreasing severity is
much more subtle on the submarginal area, which is in greater proximity to the ligature.

These results also agree with the finding that activation of MAPKinases decreased on
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ligature sites towards the end of the experimental period. The LPS-induced
inflammation was sustained at both the submarginal and bone crest areas throughout the
30-day experimental period, which is consistent with the persistent challenge to the host
immune system represented by the injections performed 2 times/week for the duration
of the experimental period. Since these LPS injections were performed on the palate at a
distance of approximately 1 mm from the gingival margin it is interesting to note that

this model also produced a sustained inflammatory reaction on the submarginal area.

Discussion

The relevance of signaling pathways to specific pathological conditions, such as
cancer, Alzheimer’s disease, rheumatoid arthritis, acute coronary syndrome, chronic
obstructive pulmonary disease and dental diseases(14, 31, 38, 39) has been an area of
active research recently. Our research group has shown that bacterial LPS activate
multiple signaling pathways in periodontal ligament fibroblasts(29, 36). However, we
could not find any literature report on the kinetics of signaling pathways activated
during experimentally-induced periodontal disease. In this report we provided evidence
that p38, ERK MAPKinases, as well as NF-xB and, to some extent, STAT3 are
significantly activated during periodontal disease. The choice of signaling pathways to
be studied was based on their relevance to the expression of inflammatory mediators,
such as IL-1, TNF-o(1), IL-6(5, 30), MMP-13(37), MMP-9(20) and RANKL(35).

The comparison between two commonly used methods of inducing periodontal
disease in a murine model revealed important differences on the kinetics of activation of
these signaling pathways. LPS-induced periodontal disease was associated with a
delayed activation of all the signaling pathways evaluated in comparison to the ligature
model, except for ERK MAPK. This may be associated with the characteristics of TLR-
4 signaling; however one would expect that NF-kB would also be rapidly activated by
this pathway. The delayed activation in comparison to the ligature sites might be due to
a difference on the intensity of the aggression, as well as to difference on the kinases
activated that will lead to IxB (IKK complex) phosphorylation on the canonical
signaling pathway. Downstream of TNF receptor activation, phosphorylation of IKK
complex requires the recruitment of TRAF2 and TRAFS5 which will recruit RIP to act as
a scaffold for the binding of IKK complex. TLR signaling requires a different set of
adaptors, including MyD88 and TIRAP, which will recruit IRAK or TRAF6, and it is
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currently believed that the kinase TAK1 would link TRAF6 to the IKK complex(11,
44). These characteristics of the signaling pathways downstream of different receptors
may explain the temporal differences on NF-«xB activation.

Sustained activation of ERK and p38 MAPKinases in the LPS model may be
attributed to the continuous stimulation during the 30-day experimental period
represented by the two injections/week regimen, whereas in the ligature model the
initial bone resorption resulted in a greater distance between the aggression (ligatures)
and the soft tissue, decreasing the severity of the inflammation and, thus the activation
of these signaling pathways, in this model. However, there may be differences on the
activation of various kinases upstream of p38 MAPK according to the model (LPS or
ligatures) that can explain differences on the intensity and/or kinetics of activation of
this pathway. In the LPS model, upstream enzymes in the p38 pathway such as TRAF6
may interact with MyD88 associated with TLR signaling(22) and TAK1 may also be
activated by LPS(19) that can ultimately affect the profile of inflammatory gene
expression in each model. We have also shown previously(36, 37) that activation of
MKK3 and 6, immediate upstream activators of p38, may also account for differences
on p38 MAPK phosphorylation and gene expression, and this can vary in intensity or
kinetics according to the experimental model of periodontal disease, LPS- or ligature-
induced.

It was an interesting finding that ERK MAPKinase was the only signaling
pathway that was already significantly activated at the 5 day period, especially since this
pathway is usually associated with signaling of polypeptide growth factors and
hormones(3). We found constitutive activation of ERK MAPK in a mouse periodontal
ligament fibroblast cell line(37), and recently ERK MAPK was one of the pathways
implicated in the expression of IL-1B, TNF-a and IL-12 in concanavalin A-stimulated
murine macrophages, in conjunction with p38 MAPK(15). Besides cell growth and
differentiation, ERK MAPK has been shown to have important role also on several
inflammatory processes, and phosphorylation of some transcription factors has been
shown to require both p38 and ERK, including MSK1/2, MNK1/2 and RSKb(10).
Indeed, pharmacologic manipulation of the ERK pathway is currently being assessed in
clinical trial for oncology applications(42, 46).

The signal transducers and activators of transcription (STATs) family of latent
transcription factors are involved in many cytokine signaling pathways(13), especially

by those that use the gpl30 receptor Stats dimerize upon phosphorylation and
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translocate to the nucleus where it will bind to specific DNA motifs on the promoter
region of the target genes. STAT3 can be phosphorylated at tyrosine and serine
residues. This dual phosphorylation is needed for full activation, even though the role of
serine phosphorylation is not well known it has no effect on the DNA-binding of
STAT3(49). As far as we know, activation of STATs in periodontal disease in vivo has
not been reported yet. The finding of STAT3 and STATS activation only on ligature
sites may be due to increased levels of inflammatory cytokines on these sites in
comparison to the LPS sites. Thus, two hypothesis may explain the STAT activation on
ligature sites only: the more complex array of signaling pathways activated at the
ligature sites might account for the increased level of cytokine expression; and also the
cross-talk between MAPKinases and STAT may account for a delayed STAT
activation(1, 7, 25, 40, 53), especially on the serine residue(6, 47).

The differences on the activation of signaling pathways according to the
experimental model should be considered when interpreting the results of studies that
use either of these models, since the signaling pathways activated (and the dynamics of
this activation) will influence the pattern of gene expression, even though the general
histological characteristics of the inflammatory reaction are similar. In fact, the
differences between the ligature and LPS-models of experimentally-induced periodontal
disease are usually discussed only in terms of the extent of bone loss produced and the
histological characteristics of the inflammation of periodontal tissues in each method.

Regardless of the model, p38 and ERK MAPKinases and NF-xB were
significantly activated during experimentally-induced periodontal disease. There are
numerous reports indicating a relevant role for p38 and NF-xB to periodontal
inflammation(2, 33), and interestingly p38 MAPK even mediates activation of NF-kB
induced by IL-1B(27). In fact, there is increasing evidence of participation of multiple
signaling pathways on inflammatory gene expression and it will be interesting to find
out the collaboration of each pathway. There may be either synergistic or antagonistic
effects of different pathways to the final steady-state result, and different pathways may
affect distinct molecular mechanisms of gene expression, i.e., transcription and post-

transcriptional mechanisms. Moreover, the effect of a given pathway on gene
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expression may depend on the external stimuli as we have previously shown for p38
MAPK on regulation of MMP-13 expression(36, 37). It may also be cell- or tissue-
specific, which adds another level of complexity to the study of cell signaling pathways
as it relates to regulation of gene expression. In this regard, it will be interesting to
know the kinetics of activation of signaling pathways in different pathological
conditions in Vvivo, since therapeutic approaches based on modulation of signaling
pathways may affect more than one cell type or tissue.

Here we provide a new insight on relevant differences between the methods that
may be used on the study of signaling pathways involved in infectious and
inflammatory conditions, since the LPS method initially activates only TLR-4 and
subsequent activation of other receptors will be dependent on the cells activated and
recruited to the area in response to that; it allows the study of the role of TLR-4
signaling pathway in the establishment of a complex inflammatory reaction.
Interestingly, evidence for a relevant role of TLR signaling in rheumatoid arthritis has
been recently shown(38), which stresses out the applicability of the knowledge derived
from the LPS-model of experimentally-induced periodontal disease. On the other hand,
the ligature method most likely activates a broader range of receptors and signaling
pathways once they are inserted because of both mechanical trauma and increased
accumulation of a live and complex microbiota. It will be interesting to evaluate the
profile of inflammatory mediators expressed in the periodontal tissues in each method,

which will be done in future studies.
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Figure legends

Figure 1 — Differences on the kinetics of signaling pathway activation in ligature-
and LPS-induced models of experimental periodontal disease. Total protein was
extracted from gingival tissue samples obtained from ligature (A) and LPS injection
sites (B) at 5, 15 and 30 days periods. 40 pg of total protein was separated by
electrophoresis in 10% acrylamide gels under denaturing conditions and transferred to
nitrocellulose membranes. Activation of the signaling pathways was determined by
incubating the membranes with the specific primary antibodies and revealed with HRP-
conjugated secondary antibodies and an ECL system. The images are representative of

three independent samples.

Figure 2 — Densitometric analysis of the Western blot results indicate sustained
activation of MAPKinases on LPS injection sites and stronger activation of STATs
in ligature sites. The Western blot images of three independent samples were
digitalized and submitted to densitometric analysis using a gel documentation system
(ImageQuant 100, GE Lifesciences) and software (Image J, NIH). The density of the
target proteins was normalized to the density of GAPDH and is expressed in arbitrary
densitometric units. LPS injection sites demonstrated a significant sustained activation
of MAPKinases. This was not observed on ligature sites that presented a decrease on the
activation of ERK and p38 already at 15 days and further decreasing at 30 days, when
the difference from healthy control sites was not statistically significant. On the other
hand, activation of NF-xB, STAT3 and STATS was sustained throughout the 30 days
and was noticeably stronger than on LPS sites. Bars represent mean normalized
arbitrary densitometric units of three independent samples for each period, and vertical

lines the standard deviation. The - indicates a significant difference (p<0.05) from
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other experimental periods, whereas the * indicates a significant difference from control

sites (p<0.05, ANOVA followed by Tukey test).

Figure 3 — Inflammation associated with ligatures decreases its severity on the
proximity of the bone crest towards the end of the experimental period in
comparison to that observed on LPS injection sites. Representative images of each
experimental period (control, 5, 15 and 30 days) are shown according to the method of
induction of experimental periodontal disease (LPS or ligatures). The general
characteristics of the inflammatory reaction are similar between both methods and
include increases on densities of cells and vascular structures, and decreases on number
of fibroblastic cells and collagen. The image from a control site depicts the positioning
of the 250 uM? grids on the two areas studied on the stereometric analysis: a
submarginal area limited coronally by the junctional epithelium and laterally by the
tooth structure, and the bone crest area with an apical limit set at 25 uM below the most

coronal part of the bone crest and laterally by the tooth structure.

Figure 4 — Stereometric analysis indicate that LPS injections are associated with a
sustained inflammatory reaction at the bone crest area. Inflammation was studied
by the relative presence of inflammatory cells, vascular structures, fibroblastic cells and
collagen on two 250 uM? areas (schematically shown on figure 3). The LPS-induced
inflammation was sustained at both the bone crest and submarginal areas throughout the
30-day experimental period, which is consistent with the persistent challenge to the host
immune system represented by the injections performed 2 times/week for the duration
of the experimental period (panel A and B respectively).On the other hand, the density
of inflammatory cells decreased on the proximity of the bone crest at days 15 and 30 for

ligature model (panel A). The ! indicates a significant difference (p<0.05, ANOVA and
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Tukey tests) from control sites and *,* indicates a significant difference (p<0.05, One-

sample t test) between Ligature and LPS models in the same period.
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Material e método

Obtencédo e manutencao de animais

Foram utilizados 30 ratos Wistar (Norvegicus albinus) machos e adultos,
mantidos no biotério da UNICAMP, com padrao SPF (Specific Pathogen Free),
de acordo com o Colégio Brasileiro de Experimentagdo Animal (COBEA) e o
Comité de Etica em Experimentacgéo Animal (CEEA) do Instituto de Biologia da
UNICAMP. O numero de animais utilizados foi determinado a partir dos
periodos experimentais propostos, considerando 08 animais do grupo
experimental e dois animais do grupo controle-negativo (sham-tratados) por
periodo experimental. Os animais foram acomodados em gaiolas de
polipropileno e receberam alimentacéo granulada (Labina/Purina) e agua ad
libitum, sendo pesados semanalmente. O protocolo experimental foi submetido
ao Comité de Etica em Experimentacédo Animal (CEEA) do Instituto de Biologia
da UNICAMP (Anexo 1).

Os 30 animais foram distribuidos em dois grupos experimentais:

- grupo controle negativo (seis animais): sham-tratados

- grupo tratamento (24 animais): submetidos a inducdo de doenca

periodontal

Inducéo da doenca periodontal

Neste estudo, o modelo de indug¢do de doenca periodontal por ligadura,
assim como o de injecao de LPS na regido palatina, foi utilizado.

Inicialmente os animais receberam anestesia geral (0,08 mL de
Ketamina e 0,04 mL de cloridrato de xilasina por 100g de peso corporal) e
foram em seguida posicionados em mesa operatéria. O modelo de ligadura foi

obtido com a colocagdo de um fio de algoddao numero 24 ao redor dos
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primeiros molares inferiores bilateralmente. Na regido palatina entre o 1° e 2°
molar, realizou-se com microseringas tipo Hamilton (Agilent), a injecado de um
volume de 3uL, correspondendo a um total de 30 ug, de LPS de Eschericia coli
(strain 055:B5 - Sigma Chem Co). As injecbes de LPS foram repetidas 02
vezes por semana bilateralmente, durante as quatro semanas de duracao do
experimento, sendo os animais sedados previamente a realizagdo das
injecbes. O grupo controle recebeu injecbes de PBS (veiculo) na gengiva
palatina dos primeiros molares superiores, enquanto ligaduras nao foram
colocadas nos molares inferiores.

A utilizagédo do LPS para inducao de reabsorgao 6ssea periodontal € um

método bastante utilizado na literatura®?"®’

e visa possibilitar a avaliagdo da
expressao do gene de interesse MMP-13 apds estimulo inicial limitado ao toll-
like receptor 4 (TLR-4). Na doenga periodontal induzida por ligadura, além da
possibilidade de participagdo de um estimulo mecanico na indugéo da resposta
inflamatdria, o acimulo de microrganismos viaveis implica na participagcéo de
diferentes antigenos ou padrées moleculares associados a patégenos (PAMPs,
pathogen-associated molecular patterns), como toxinas e produtos do
metabolismo microbiano, CpG DNA, flagelos e peptideoglicanos. Embora a
inducdo por ligadura possa representar mais apropriadamente a situacao
clinica da doenga periodontal no humano, a complexidade dos antigenos
envolvidos interagindo com diferentes receptores e levando a ativagédo de
diversas vias de sinalizagdo intracelular dificulta a compreensdo dos
mecanismos moleculares envolvidos no processo de destruicdo do tecido
conjuntivo e ésseo. Assim, para efeito comparativo, optamos por incluir no

modelo experimental a indu¢do do processo de reabsorcao déssea por meio de

um agonista de TLR-4.
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Sacrificio dos animais, obtencdo de amostras e delineamento
experimental

Previamente a colocacao das ligaduras e inicio das inje¢des de LPS, 02
animais do grupo controle negativo foram sacrificados, em camara de CO,,
para servirem como baseline. Ap6s 5, 15 e 30 dias do inicio do experimento, 08
animais do grupo tratamento, bem como dois animais do grupo controle
negativo foram sacrificados. A selecdo destes periodos considerou a
representacao do inicio da agressao ou periodos precoces do desenvolvimento
da resposta imune-inflamatéria nos tecidos periodontais (cinco dias), uma vez
que a ativacéo das vias de sinalizag&o e expresséo de citocinas é usualmente
bastante rapida e transitéria, com alteragbes no perfil de citocinas expressas
segundo a fase de desenvolvimento da resposta inflamatéria e doenca
periodontal. Os periodos de 15 e 30 dias seriam representativos da doenca
instalada em nivel moderado/avancado de severidade. A cronologia do
experimento esta representada na Tabela 1.

Imediatamente apdés o sacrificio, a mandibula de cada animal foi
removida e separada em duas hemimandibulas, assim como os blocos
envolvendo 1° e 2° molares superiores. Estas pecas provenientes da
mandibula e da maxila foram entédo reduzidas e destinadas a estereometria ou
a extracao de RNA total e proteinas.

Em relagdo ao grupo controle negativo, as pecgas obtidas de um animal
de cada periodo experimental foram processadas para a analise
estereométrica. Para a mesma finalidade, destinou-se um numero de trés
pecas superiores e trés pecas inferiores dos animais do grupo tratamento
sacrificados em cada periodo experimental. Ja a coleta de tecidos moles para

extracdo de RNA total e proteinas, foi realizada no restante das pecas de
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ambos os grupos, removendo-se o tecido gengival das regides que sofreram a

108

induc&o da doencga periodontal, ou seja, dos molares inferiores e da regido

entre 1° e 2° molares superiores.

As pecas para estereometria foram fixadas em formol tamponado a 10%
durante 48h e entdo desmineralizadas em solugédo de EDTA (0.5 M, pH 8.0)
sob agitacao a temperatura ambiente durante 2-3 meses (com troca da solugéo
2x/semana), com posterior inclusdo em parafina. Cortes seriados de 4 ym de
espessura foram obtidos na dire¢ao vestibulo-lingual, montados em laminas de
vidro e em seguida receberam a coloracdao (H/E), para posterior analise
estereométrica do processo inflamatorio.

Os tecidos periodontais coletados para extragdo de RNA total foram
armazenados logo ap6s sua remocdo em 1mL de Trizol (guanidine
isothiocyanate) (Invitrogem, Corp.) a -80°C. Ja o tecido mole destinado a
extracdo de proteinas foi mantido a -20°C em 500uL de RNA holder

(Bioagency) até o momento do processamento para as analises.

Tabela 1 — Cronologia do Experimento

0 5 10 15 30
Colocacgao da +
ligadura
Checagem da + + + +
ligadura
Sacrificio +* + + +

+ significa que o procedimento foi realizado no periodo indicado. *Apenas 02 animais do grupo
controle negativo foram sacrificados no baseline do experimento.

* Injegdes de LPS serdo realizadas 2 vezes / semana, durante as 4 semanas.
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Estereometria

A analise estereométrica do processo inflamatorio foi realizada com o
auxilio de um microscopio de luz (Diastar-Cambridge Instruments) na
magnificagdo de 200 x. Um total de 3 cortes foi avaliado por dente. Um
intervalo 100 uM foi dado entre esses cortes com o objetivo de se obter em 300
MM de extensdo areas representativas das porgdes mesial, média e distal do
dente.

A técnica estereologica de contagem de pontos foi empregada nos
cortes de HE para avaliar a proporgao de componentes teciduais em um plano
bidimensional por microscopia. Este procedimento permite a avaliagao

quantitativa do quadro inflamatoério nas proximidades da agressao.

Com esta finalidade, foi determinada a densidade volumétrica relativa
(ou proporgédo) dos seguintes componentes teciduais: fibras colagenas,
fibroblastos, outros tipos de células (inflamatérias, osteoclastos,
cementoblastos, etc.), vasos sanguineos e outras estruturas (que
correspondem ao tecido Osseo, epitelial, dente e nervos). Duas diferentes
localizagbes anatébmicas da porcao vestibular e/ou palatina dos cortes foram

quantificadas:

1- o tecido conjuntivo subjacente ao sulco gengival, junto a base do epitélio
juncional (EJ) — O limite coronal foi representado pela borda apical do epitélio

juncional e a estrutura dental correspondeu ao limite medial.

2- o tecido conjuntivo proximo ao topo da crista 6ssea, junto a superficie dental
(CO) — O limite apical foi delimitado 25 yM abaixo da por¢ao mais coronal da

crista 6ssea e a estrutura dental correspondeu ao limite medial.
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Nos cortes que receberam a injecdo de LPS, foi realizada apenas a
analise da regiao palatina. Apds a captura de imagens, a quantificacao foi feita
com o auxilio de grades confeccionadas com a dimensao de 50 uM x 50 uM ou
250 uM? de area. Estas grades foram posicionadas (sobrepostas) preenchendo
as duas regides de interesse da imagem (EJ e CO) e, para cada grade, foram
contados 25 pontos coincidentes sobre as estruturas histolégicas. Em seguida,
foi feita uma analise percentual de cada componente tecidual em relagdo ao
numero total de pontos contados por periodo experimental baseado no trabalho
de Odze et al.*® para a representacdo grafica da estereometria. Estes mesmos
cortes foram submetidos a uma segunda forma de analise estereométrica.
Todas as analises foram realizadas 3 vezes por um examinador cego para 0s
grupos experimentais. O processo inflamatorio foi determinado através de um
escore de células inflamatérias (PMN/mononucleares) de acordo com Liu et
al.’®: 0, auséncia de células inflamatérias; 1, inflamacdo leve, com uma
pequena quantidade de células inflamatoérias; 2, inflamagdo moderada (numero
significativo de células inflamatérias difusas pelo tecido conjuntivo acima da
crista dssea); 3, inflamagcdo severa, com predominancia de células
inflamatérias. Para a aplicagdo deste sistema de escores, os cortes histoldgicos
mandibulares foram divididos em 3 areas de forma ficticia, tendo como base o
topo da crista 6ssea, em diregcdo ao tecido conjuntivo gengival. As regides pré-
determinadas e avaliadas foram: 1, proxima ao dente; 2, o centro da crista
Ossea, 3, lateralmente a crista 6ssea. O modelo de ligadura foi avaliado para
essas 3 regides pelo lado vestibular/bucal e lingual. Ja os cortes maxilares,
tratados com LPS, sofreram analise da porgédo palatina, especificamente da

area proxima ao topo da crista éssea alveolar. O valor médio para cada animal
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foi determinado e usado para avaliar a extensao do quadro inflamatério durante

os diferentes periodos experimentais dos modelos de ligadura e LPS.

Extracdo de RNA total, transcrigéo reversa e PCR

O RNA total do tecido foi extraido com o reagente Trizol, segundo o
protocolo do fornecedor (Invitrogen Corp.). A quantidade e pureza do RNA
foram determinadas em espectrofotometro de luz UV (Biomate 3 - Thermo
Electron Corporation) por meio da avaliagdo das absorbancias a 260 nm e da
relacdo entre as absorbancias a 260/280 nm, respectivamente.

A sintese de cDNA foi realizada subsequentemente em termociclador
(MyCycler - Bio-Rad), utilizando 800 ng de RNA total na presenga de Oligo-dT
(12-18) primers, dNTPs, MgCl, e enzima de transcriptase reversa, segundo as
instrucdes do fabricante (Improm Il - Promega).

Os pares de primers especificos para MMP-13 e para o gene
gliceraldeido-3-fosfato desidrogenase (GAPDH) estdo apresentados na Tabela
2. GAPDH foi utilizado como controle endégeno do RT-PCR por ser um gene
constitutivo, cuja expressdo nao se altera com a indugdo da doenca
periodontal. Embora as seqléncias de pares de primers especificas para os
genes-alvo de camundongos tenham sido publicadas na literatura, as
condicdes da reagédo de PCR (incluindo concentragcédo de primers, temperatura
de anelamento e numero de ciclos) foram otimizadas em experimentos-piloto.
As sequéncias dos RNAs mensageiros utilizadas neste trabalho foram obtidas

no banco publico de dados NCBI.
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Tabela 2 — Seqliéncia dos primers e condi¢des iniciais da reagdo de PCR (Camundongo)

Gene Primers (5" — 3’) Acession Ta Amplicon Ciclos
Sense (S) e antisense (AS) # ‘o)

GAPDH CACCATGGAGAAGGCCGGGG - S BC083065 52 418 bp 25
GACGGACACATTGGGGGTAG - AS

MMP13  GGTCCCAAACGAACTTAACTTACA-S NM008607 60 445 bp 35

CCTTGAACGTCATCATCAGGAAGC - AS

A reacao de PCR foi feita em termociclador (MyCycler - Bio-Rad), com
um volume total de 25 pL, utilizando 2 pL do produto da reacdo de
transcriptase reversa na presenca de 100 pmol/pL de primers de cada gene (50
pmol/uL de cada primer, sense e antisense), além de uma concentracao de
MgCl, de 1,5 mM para GAPDH e 2,5 mM para MMP-13. Os produtos da reagao
de PCR foram resolvidos por meio de eletroforese em gel de agarose a 1.5%
(Invitrogen Corp.) e corados com brometo de etideo (0.5 yg/mL — Invitrogen
Corp.). Para documentacdo e analise, foram obtidas imagens digitalizadas
destes géis (ImageQuant 100 — GE Healthcare) e submetidas a analise
densitométrica. A expressao do gene - alvo foi normalizada para a expresséo
do housekeeping gene (GAPDH) e expressa como fold change em relagéo ao

controle negativo.

Western blot

A expressdo de MMP-13 foi confirmada por Western blot, técnica
também empregada na determinacdo da ativagdo das vias de sinalizag&o
intracelular (p38 e ERK MAPKinases) e dos fatores de transcricado avaliados
(STAT3, STAT-5 e NF-«B).

Para isto, foram utilizadas amostras de proteina total extraidas dos
tecidos periodontais representativos dos diferentes periodos experimentais,

segundo instrucbes do fabricante. Para isto, foi preparado o tampao de
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extragdo contendo T-PER (Tissue Protein Extraction Reagent - Pierce) e o
coquetel inibidor de protease (Protein Stabilizing Cocktail - Pierce). Este
tampéo foi adicionado aos tecidos, os quais foram macerados, centrifugados
por 5 minutos a 13.000 RPM a 4°C (Sorvall fresco), com posterior remog¢ao do
sobrenadante. Os extratos de proteina foram entdo concentrados, segundo
instrugcdes do fabricante (Microcon YM10 — Millipore Corp.), com centrifugacao
de 10000g por 25 minutos a temperatura ambiente e quantificados pelo método
de Bradford (Bio-Rad) a 595nm em leitor de ELISA ELx 800 (Bio-Tek).
Quantidades iguais de proteina total (40 pg) foram resolvidas por eletroforese.
As amostras de proteina foram em seguida coletadas por
homogenizagédo em tamp&o de amostra contendo SDS 2% (3x SDS Sample
Buffer Blue — Cell Signaling) e 41.7mM de DTT (30x DTT Cell Signaling), e
ajuste de um volume final igual para as amostras com o tamp&o de extragéo de
proteinas. Esta homogenizacédo foi feita em gelo, seguida de fervura para
desnaturacdo protéica a 97°C por 5 minutos, posterior centrifugacio de 30
segundos a 13000 RPM (centrifuga 5415D — Eppendorf) e manutencdo em
gelo por 5 minutos, procedimentos também realizados para o padrdo de peso

molecular biotinilado (Cell Signaling).
Para o Western blot, as amostras foram separadas em géis de

poliacrilamida Tris-Cl a 10% (Mini-Protean 3 cell — Bio-Rad), utilizando
voltagem constante de 100 V por 90 minutos, seguidos de eletro-transferéncia
(Mini Trans-blot Electrophoretic Transfer Cell — Bio Rad) para membranas de
nitrocelulose (Bio-Rad) durante 1 hora a 300 mA cte. Apds o bloqueio em
tampao Tris-NaCl (TBS) contendo 5% de leite desnatado liofilizado (blocking
buffer) por 1 hora sob agitagcdo (TS-2000 VDRL shaker — Biomixer) a

temperatura ambiente, as membranas receberam 3 lavagens de 5 minutos com
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tampao TBS-Tween (TBS-T) a 0,1% e foram incubadas sob agitacédo (Mini
Rocker MR-1 — Biosan) overnight a 4°C com os anticorpos primarios para as
proteinas de interesse: MMP-13 (Ab3 LIPCO Il D1 — Lab Vision Neomarkers)
na diluicdo de 1:50 em PBS; formas fosforiladas de: NF-kB-p50 (1:1000 em
PBS - Santa Cruz Biotechnology), STAT3, STAT-5, p38 e ERK MAPKinases
(Cell Signaling) na diluicdo de 1:1000 em tampao de diluigdo de anticorpo
primario (BSA 5%), além de GAPDH (1:400 - Santa Cruz Biotechnology) para
confirmar que quantidades iguais de proteinas totais foram utilizadas). Os
anticorpos secundarios utilizados (conjugados a horseradish peroxidase) foram
diluidos de acordo com as instrugbes do fabricante (Cell Signaling/Santa Cruz
Biotechnology). Para MMP-13, utilizou-se o anticorpo secundario anti-
camundongo (1:1000 - Cell Signaling) diluido em blocking buffer e para as
demais proteinas, um anticorpo secundario anti-coelho (Santa Cruz
Biotechnology) nas mesmas condi¢gdes. Apos remogao do anticorpo primario e
3 lavagens com TBS-T, a incubagdo com o secundario foi realizada por 1 hora
a temperatura ambiente sob agitacao (TS-2000 VDRL shaker — Biomixer). Em
seguida, as membranas foram novamente lavadas e a detecgdo da presenca
das proteinas realizada por um sistema de quimioluminescéncia (LumiGlo, Cell

Signaling).

Imagens digitalizadas dos filmes radiograficos para Western blot foram
obtidas em um sistema de digital de fotodocumentacéo (ImageQuant 100 — GE

Healthcare) e submetidas a analise densitométrica.



Discusséao
A progressao da doenca periodontal é caracterizada pelos processos de
degradacgao da matriz extracelular e reabsor¢cao 6ssea os quais resultam da
reacao inflamatéria/imune iniciada em resposta a agressdo pelos
microrganismos do biofilme dental e suas toxinas. A severidade do dano
tecidual na doencga periodontal € proporcional aos niveis de citocinas e
mediadores pro-inflamatérios presentes nos sitios periodontais doentes'>*,
Esta afirmacéo é suportada por diversos estudos que demonstram elevados
niveis de citocinas inflamatérias como IL-183, IL-6, TNF-a e PGE; nas lesbes
periodontais1°’14’16'19'33'59'72.

Na complexa rede de citocinas estabelecida com a reacao inflamatéria
associada a doenca periodontal, diversos mediadores bioldgicos s&o
produzidos, incluindo a MMP-13%', a qual pode ter um importante papel nos
processos de degradagdo da matriz extracelular e reabsor¢do éssea. Sua
relevancia nestes processos esta relacionada ao amplo padrao de substratos
da MMP-13, que inclui colagenos tipo I, Il e IV, e também ao fato dos tecidos
periodontais mineralizados e n&o-mineralizados apresentarem elevada
propor¢cdo de colageno em sua composicdo; o que justifica o papel de
destaque desta colagenase no desenvolvimento das lesbes periodontais e
também em outras alteragbes de carater inflamatoério cronico com aspectos
histolégicos de degradacdo de matriz extracelular semelhantes aos da
doenca periodontal, como a artrite reumatdide®.

Estudos in vivo demonstram a presenca e atividade da MMP-13 nos

tecidos periodontais, a qual participa em eventos fisiolégicos de remodelacao

6ssea e do turnover da matriz extracelular’®, enquanto em niveis de
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expressdo mais elevados associados ao quadro inflamatério cronico das
doencas periodontais’ participa dos processos de degradagéo da matriz
extracelular e reabsorcdo 6ssea?*?". O papel da MMP-13 no processo de
reabsorgdo 6ssea é suportado por dados in vivo®**®. Os resultados obtidos
em ambos os modelos de periodontite induzida experimentalmente utilizados
neste trabalho demonstram aumento na expressdo de MMP-13, tanto em
nivel de mRNA quanto protéico, em comparagdo aos niveis de expressao
observados nos animais do grupo controle, em que nao foi induzida a doenca
periodontal. O reduzido nivel de MMP-13 encontrado no periodonto dos
animais do grupo controle é coerente com o conceito de que a MMP-13 &
uma endoprotease de expressao estritamente regulada®®’".

Uma vez que a expressdo génica de MMPs é regulada por diversos

mediadores inflamatorios, entre os quais, as citocinas®®®

, 0 grau de
inflamacé&o presente nos tecidos periodontais, e consequentemente os niveis
de expressdo de citocinas inflamatorias, pode influenciar a producéo de
MMP-13 por diferentes tipos de células residentes e inflamatérias. Este fato
foi observado em nossos resultados, que demonstraram que o perfil de
expressao de MMP-13 em nivel de mRNA acompanhou a intensidade do
processo inflamatério durante a progressédo da doenga periodontal. Assim,
ambos os modelos experimentais apresentaram, ja aos 5 dias de inducgéao,
uma reacgéao inflamatoria consideravel a qual se manteve por todo o periodo
experimental de 30 dias no modelo de injecao de LPS, embora tenha
apresentado significativa reducéo de intensidade no modelo de ligadura aos

30 dias. Os niveis de expressdo de mRNA de MMP-13 acompanharam a

severidade da inflamacao verificada pela estereometria.
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A reducao do processo inflamatério aos 30 dias no modelo de ligadura,
embora ndo seja comumente verificada, pode ser atribuida ao deslocamento
do tecido gengival apicalmente, na tentativa de afastar-se da agresséo e
recuperar o espaco biolégico. E importante ressaltar que, apds a colocacédo
da ligadura na regiao cervical do primeiro molar inferior dos animais, esta néo
foi reposicionada a medida que ocorria a migragdo apical da margem
gengival, havendo assim um maior distanciamento entre os tecidos
periodontais e o estimulo agressor, o que proporcionou a diminuigdo da
intensidade da agressao. Este fato ndo ocorreu no modelo de LPS, em que
as repetidas injegdes mantinham a intensidade da agressdo e,
consequentemente, do processo inflamatério. Esta diferenga entre as
metodologias avaliadas influenciou diretamente os resultados. De qualquer
forma, é possivel constatar uma importante correlacdo entre a expresséo de
MMP-13, a severidade do processo inflamatério e densidade de células
inflamatorias, sugerindo-se entdo uma importante participagéo destas células
na producédo de mRNA de MMP-13. Ja em relagdo a expressdo da MMP-13
em nivel protéico, ndo foi observada correlagcdo com os niveis de mMRNA,
demonstrando a falta de acoplamento transcrigdo-tradugéo (transcription-
translation coupling).

Estudos in vitro demonstram que a regulagdo da express&o génica de

62-63,78 e

MMP-13 é complexa e pode envolver mecanismos transcricionais
poés—transcricionais *°>7". A falta de correlacdo entre os niveis de RNAm e
proteina em ambos os modelos experimentais, sugere uma regulacdo pos—

transcricional da expressdo de MMP-13 na doenga periodontal in vivo. De

forma interessante, esta participagdo de mecanismos pos-transcricionais de
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regulacdo da MMP-13 parece ter ocorrido nos dois modelos experimentais
avaliados, porém de forma distinta. No modelo de ligadura, a diminuigdo dos
niveis de mRNA foi acompanhada por aumento dos niveis de proteina,
enquanto no modelo de LPS foi observado o oposto.

De fato, existem evidéncias de que a regulagdo da expressdao de MMP-
13 depende da natureza do estimulo extracelular®®®®*# Os resultados deste
trabalho de certa forma suportam estas observagdes, uma vez que as formas
de indugao da periodontite utilizadas neste estudo desencadearam respostas
distintas. A injecéo de LPS de E.coli promove um estimulo inicial limitado ao
TLR4, enquanto a colocacdo de ligadura além de incluir um estimulo de
trauma mecanico, proporciona o acumulo de microrganismos viaveis e seus
variados PAMPs, o que leva a ativagao de distintos TLRs e de diversas vias
de sinalizacao celular, o que pode resultar em uma resposta inflamatoria mais
intensa, como demonstrado nos resultados de estereometria. E importante
considerar que a origem (espécie de microrganismo), grau de pureza e
regime de aplicagdo de LPS variam entre os trabalhos que utilizaram esta
metodologia®®', fatores que podem influenciar a intensidade da inflamacéo e,
consequentemente, a severidade do dano tecidual.

No entanto, tanto a natureza quanto a intensidade do estimulo
extracelular determinam quais receptores celulares serao engajados e, assim,
as vias de sinalizac&o intracelular ativadas. As vias de sinalizagdo, por sua
vez, influenciam de forma decisiva a regulacdo da expressdo génica e o
estabelecimento da rede de citocinas, incluindo a da MMP-13, finalmente
determinando o estabelecimento da resposta inflamatéria/imune como um

todo. O papel das vias de sinalizacao intracelular na regulagdo da expressao
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génica usualmente é estudado num contexto de ativagao rapida e transitoria;
no entanto considerando a persisténcia do estimulo agressor nas doencas
periodontais e os niveis elevados de citocinas associados a inflamacao
crbnica que indicam ativacdo sustentada das vias de sinalizagdo, torna-se
interessante compreender a dindmica de ativacdo destas vias no
estabelecimento da inflamacgéo crbénica dos tecidos periodontais, pois deste
entendimento podem ser desenvolvidas estatégias terapéuticas para
modulacdo da inflamaco in vivo?®2"¢",

Neste estudo avaliamos a ativagcdo de algumas vias de sinalizagao
intracelular relacionadas a expressao de mediadores inflamatérios, incluindo
a MMP-13, em dois modelos de doenca periodontal induzida
experimentalmente. Dessa forma, em diferentes momentos do
desenvolvimento da doenga periodontal destrutiva e estabelecimento da
inflamac&o crdnica associada, avaliamos a ativacdo de p38 e ERK
MAPKinases, STAT-3, STAT-5 e NF-kB. A selecao destas vias baseou-se no
envolvimento destas em desordens inflamatérias, entre elas, a doenca

periodontal®®"

, € na regulacdo da expressdo de mediadores inflamatorios
relacionados a degradacdo de tecido conjuntivo e reabsorgdo 6ssea como:
IL-1%°, TNF-0?, IL-6%%°, RANKL* e MMP-13%,

E interessante observar que as informacdes sobre o papel das vias de
sinalizacdo sao derivadas de estudos in vitro, assim a maior complexidade
dos eventos in vivo, incluindo a variedade de estimulos extracelulares e a
participacdo de diversos tipos celulares e de mediadores inflamatérios

endogenos podem influenciar decisivamente o papel das vias de sinalizacao

intracelular no controle da expressao génica. Mesmo em estudos in vitro
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podemos encontrar evidéncias do papel da natureza do estimulo extracelular,
como a demonstracdo de que o papel da ativagdo da p38 MAPK na
regulacdo da expressao de MMP-13 em fibroblastos do ligamento
periodontal®®®® pode resultar em regulacéo positiva ou negativa da expressao
génica, dependendo do estimulo extracelular.

Esta influéncia do estimulo extracelular sobre as vias de sinalizagéo
ativadas no desenvolvimento do processo inflamatério foi demonstrada em
nossos resultados, visto que os modelos de ligadura e LPS apresentaram
evidentes diferengas na cinética de ativacdo das vias analisadas. Ativagao de
STAT3 e STATS5, por exemplo, foi detectada apenas no modelo de ligadura.
Ja aos 5 dias de inducao, este modelo apresentou consideraveis niveis de
p38, ERK e NF-kB, com diminuigcdo das MAPKinases entre os periodos de 15
e 30 dias e manutengdo da ativacdo de NF-«xB durante todo o periodo
experimental. J&a o modelo de LPS apresentou uma ativacado de p38 e NF-kB
mais tardia, aos 15 e 30 dias, enquanto apenas ERK foi significativamente
ativada aos 5 dias de indugdo. Esta cinética de ativacdo das vias de
sinalizagdo, da mesma forma que a expressédo de mRNA de MMP-13,
acompanhou a severidade do processo inflamatério presente nos tecidos
periodontais em ambos os modelos. Portanto, o perfil de expressio
diferencial de MMP-13 tanto em nivel de mRNA quanto protéico verificado
nos modelos de LPS e ligadura, pode ser relacionado a ativacao diferencial
das vias de sinalizagcédo intracelular. Além disso, as diferencas no perfil
inflamat6rio e de ativacdo dessas vias em ambos os modelos estao
relacionadas a ativagao diferencial (qualitativa e quantitativa) de receptores

celulares, promovida por cada forma de indugéo. LPS ativa preferencialmente
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TLR4, podendo-se atribuir a este fato a menor severidade de inflamagao
verificada neste modelo, além da ativagdo em menores niveis das
MAPKinases e de NF-xB. Entretanto, a presenca destas proteinas foi
detectada ao longo dos 30 dias de inducdo, paralelamente ao
estabelecimento e aumento da severidade da reagao inflamatéria com as
injegbes de LPS. Além disso, a intensa ativagdo de ERK aos 5 dias nesse
modelo sugere a ativacao preferencial dessa via por TLR4, o que nado era
esperado. Ja a colocagao de ligadura promove, com o trauma mecénico
inicial aliado a presenga de microrganismos viaveis e seus variados PAMPs,
a ativacdo de um numero maior de TLRs e, consequentemente, uma maior
complexidade da rede de sinalizag&do, o que esta diretamente relacionado a
intensidade da resposta inflamatéria presente, conforme observado pela
analise estereométrica.

Assim, uma mesma via de sinalizagcao pode ser ativada por diferentes
estimulos extracelulares e desencadear uma resposta especifica, na
dependéncia da intensidade e cinética de ativacdo. Ao mesmo tempo, um
mesmo estimulo extracelular pode promover a ativacdo de vias de
sinalizagao distintas, as quais podem interagir por meio de cross-talk e
resultar em um determinado efeito sobre a regulacdo da expresséo génica e,
consequentemente, ter impacto decisivo no estabelecimento da rede de
citocinas. E importante ressaltar que diferentes vias podem atuar sobre esse
controle, tanto em mecanismos transcricionais como pds-transcricionais,
sendo que a participagdo de mecanismos pos-transcricionais é sugerida
pelos nossos resultados na produgdgo de MMP-13 durante a doenga

periodontal induzida in vivo.
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Finalmente, considerando o importante papel da MMP-13 como
mediador biolégico da resposta do hospedeiro na doenga periodontal e em
outras condicbes inflamatérias de fisiopatologia semelhante como a artrite
reumatdide, um melhor entendimento dos mecanismos moleculares
envolvidos na regulacdo da expressdo génica desta colagenase na
inflamacéo crénica pode ter importante aplicacao terapéutica. Sabe-se que
citocinas pré—inflamatorias sdo capazes de induzir a expressdo de MMP-13

em células do tecido periodontal63

, além da participagdo destas moléculas
imunorreguladoras na progressao da doenca periodontal, condicdo em que
sdo verificadas em niveis aumentados'®'41619335972 "5 hadrio de resposta
imune/inflamatéria gerada frente os microrganismos do biofilme dental é

determinado pela rede de citocinas estabelecida'°

que, por sua vez,
depende da complexidade das vias ativadas diante determinado estimulo
externo. Portanto, o melhor entendimento da cinética de ativagédo e papel das
vias de sinalizagao intracelular na doenga periodontal e em outros processos
inflamatoérios e infecciosos é de fundamental importancia para a compreensao
da regulacdo da expressao génica in vivo, incluindo o estabelecimento da
rede de citocinas. Neste sentido, o presente estudo mostrou a aplicabilidade
de ambos os modelos de doencga periodontal no estudo da sinalizagc&o
envolvida em processos inflamatérios, mas detectou significantes diferencas
entre os métodos. O modelo de LPS apresentou uma sinalizagéo inicialmente
limitada ao TLR4. Estudos recentes verificaram a participacédo da sinalizacao
via TLRs na patogénese da artrite reumatoide®®, o que aumenta a utilidade

das informacbes obtidas pelo modelo de doenga periodontal induzida por

LPS. No entanto, a colocacdo de ligadura promoveu uma ativacdo mais
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complexa de receptores e vias de sinalizagdo relacionadas, sendo este
modelo considerado mais representativo da situagdo clinica. Estas
significativas diferencas entre os modelos sugerem a presenca de distintos
perfis de citocinas associados a cada modelo experimental. Assim, um melhor
entendimento de todo esse processo em nivel molecular deve ser elucidado e
empregado na elaboracédo de alternativas terapéuticas que possam intervir
diretamente na transducdo do sinal e assim, no perfil de citocinas
produzida526'27, bem como de outros importantes mediadores biolégicos da

resposta do hospedeiro, como a MMP-13.



Conclusao

O perfil de expressédo dos niveis de mRNA de MMP-13, assim como a
cinética das vias de sinalizacdo ativadas durante o curso da doenca periodontal
foram especificos para cada modelo e estdo relacionados a severidade do
processo inflamatério. A falta de correlagéo entre os niveis de mRNA e proteina
indicam que mecanismos pds—transcricionais participam da regulacdo da
expressao dos niveis protéicos de MMP-13 in vivo. A expressao diferencial de
MMP-13 nos modelos de LPS e ligadura pode estar relacionada as
especificidades das vias de sinalizagdo ativadas em cada modelo. A
complexidade das redes de sinalizagao, severidade das respostas inflamatérias
e os niveis de MMP-13 verificados em cada modelo experimental podem ser
atribuidos a ativagcdo diferencial (qualitativa e quantitativa) de receptores
celulares promovida por cada forma de indugdo e, consequentemente, a
distintos perfis de citocinas. A elaboragdo de alternativas terapéuticas que
possam intervir diretamente na transdugcé&o do sinal e assim, neste perfil de
citocinas, depende do melhor entendimento dos mecanismos moleculares

responsaveis pela regulacao da expresséao génica em desordens inflamatérias.
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