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RESUMO

Estudos de céarie demonstraram aspectos inflamatérios nos tecidos
pulpares decorrentes de infec¢cdo estabelecida. Citocinas seriam capazes de
ativar células ligadas a resposta inflamatéria e imune no sentido de neutralizar
potenciais agentes invasores e permitir o reparo dos tecidos pulpares. Algumas
destas, denominadas quimiocinas, poderiam contribuir no estabelecimento de
uma imunoterapia capaz de bloquear aquelas citocinas responsaveis pelo
processo inflamatério. Na inflamacdo cronica estas pesquisas ja possuem
resultados satisfatorios. Na inflamacdo aguda, os estudos ainda estédo
inconclusivos. Este estudo teve como objetivo testar as quimiocinas
CCL5/RANTES, CCR5 e RANKL na inflamacdo pulpar aguda. Métodos: 18
Ratos Wistar foram anestesiados. Foram feitas cavidades até a exposicdo
pulpar nos primeiros molares inferiores. Eles foram divididos em trés grupos
onde se administrou solucdo salina estéril, lipopolissacarideo (LPS) e &cido
lipoteicéico (LTA) (n= 6 por grupo). Os segundos molares inferiores higidos
foram utilizados como controle. As cavidades foram seladas com amalgama e a
eutandsia foi realizada apés 48h. As mandibulas foram dissecadas para exame
histoldgico e da imunoexpressao das quimiocinas em estudo. Obteve-se como
resultados: CCL5/RANTES é expressa em todos 0s grupos, ao contrario do
CCRS5, que néo foi expressa. RANKL aparece apenas em células inflamatorias.
Somente a expressao de RANKL foi capaz de demonstrar atividade celular na
inflamagéao pulpar inicial.
Palavras-chave: inflamacé&o pulpar, acido lipoteicoico (LTA), lipopolissacarideo

(LPS), quimiocinas , CCR5, CCL5/RANTES, RANKL .
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ABSTRACT

Studies on dental caries demonstrate inflammation on dental pulp tissues
following infection. Cytokines are able to activate those cells linked to
inflammatory and immune response thus neutralizing potentially aggressive
agents and allowing tissue repair. Some of those cytokines, denominated
chemokines, could contribute to the establishment of an immunotherapy able to
control those cytokines involved with the triggering of dental pulp inflammation.
Research on chronic inflammation has provided some relevant insights.
However, the role of certain chemokines on acute inflammation is yet not
conclusive. This study attempts to unveil the role of the chemokines
CCL5/RANTES, CCR5 and RANKL on initial and acute pulpal inflammation.
Methods: 18 Wistar rats were subjected to anesthesia. Access was performed
on their first lower molars until pulp exposure. They were divided into three
experimental groups considering the solution administered: Saline,
lipopolysaccharide (LPS) and lipoteichoic acid (LTA) (n=6 each group). Higid
second lower molars were used as controls. The cavities were sealed with
amalgam and euthanasia occurred after 48 h and the jaws were dissected for
histologic evaluation. CCL5/RANTES is expressed in all groups, unlike CCR5,
that was not expressed. RANKL appears only in inflammatory cells, including
control group. Only RANKL could be expressed during initial pulpal

inflammation, being able to detect inflammatory cell activity.

Key words: pulp inflammation, lipoteichoic acid (LTA), lipopolyssaccharide

(LPS), chemokines, CCR5, CCL5/RANTESRANTES, RANKL.
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1. INTRODUCAO GERAL

1.1- Fisiologia pulpar e resposta a agonistas bacterianos

A estrutura dentaria é alvo de bactérias intra-orais que iniciam o
processo carioso através da desmineralizacdo do esmalte dentario, pelos
acidos bacterianos decorrentes da conversdo da dieta cariogénica. O
rompimento desta barreira dentaria torna o complexo dentino-pulpar vulneravel
ao meio oral e a dentina passa a ser degradada inicialmente por bactérias G+,
incluindo lactobacilos, estreptococos e actinomices. Estes microrganismos
desencadeiam uma resposta imune/inflamatoéria através da liberacdo de seus
subprodutos nos tabulos dentinarios, chegando até a polpa (FARGES et al.,
2009). Quando o processo é desenfreado, ocorre pulpite irreversivel, necrose
pulpar, infeccdo do sistema de canais radiculares e doenca periapical
(HEYERAAS, BERGGREEN, 1999; LOVE, JENKINSON, 2002). Recentes
estudos mostram que o0s odontoblastos sdo fundamentais pelo
desenvolvimento das respostas imune/inflamatéria frente a contaminacdo
bacteriana (DURAND et al., 2006; VEERAYUTTHWILAI et al., 2007).

Os odontoblastos derivam das células mesenquimais da crista neural,
produzindo colageno do tipo I, que forma a camada de pré-dentina (HAHN,
LIEWEHR, 2007a). Os mesmos formam prolongamentos que se estendem
pelos tubulos dentinarios, onde as bactérias e/ou produtos provenientes da
parede celular os contatam (HAHN, LIEWEHR 2007b; JONTELL, GUNRAJ,
BERGENHOLTZ, 1987). No elemento dentéario, constituem a primeira linha de

defesa da unidade dentaria. As células imunes estdo presentes tanto em
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polpas sadias quanto inflamadas e podem contribuir no processo de resolugdo
na inflamacdo em polpas expostas. Dentre elas estdo células dendriticas e
macrofagos, que ativam linfécitos T (JONTELL et al., 1988; JONTELL et al.,
1998; NISHIKAWA, SASAKI, 1999; GOLDBERG et al., 2008). Estas células
migram independentemente, contrastando com os fibroblastos da polpa, que
estdo distribuidas uniformemente (WADACHI, HARGREAVES, 2006).

O complexo dentino-pulpar reconhece antigenos bacterianos
provenientes do processo carioso inicialmente pela resposta imune inata,
através de imunoglobulinas presentes no fluido dentinario, nos odontoblastos,
nos neuropeptideos inflamatorios e células de imunidade inata. Dentre estas,
estdo DCs, NKs, células T, assim como citocinas e quimiocinas (JONTELL,
GUNRAJ, BERGENHOLTZ, 1987) que tém um papel chave na manutencéo da
integridade da estrutura pulpar. Com o aumento da permeabilidade vascular e
com o avango do processo carioso, as fibras sensoriais sdo estimuladas e
ocorre aumento na expressao e ativacao de rotas envolvendo receptores Toll-
like (TLR) (AKIRA, UEMATSU, TAKEUCHI, 2006). A transicdo para uma
resposta imune adaptativa se d4 com a progressdo do processo carioso em
direcdo a polpa e a limitacdo da resposta inata de resolver o processo (HAHN,
LIEWEHR 2007b).

A resposta imune inata depende da deteccdo bacteriana através de
PRRs, que sdo os primeiros a reconhecerem um agente infeccioso atravées de
um conjunto de receptores denominados receptores de padrdo Toll-like
associado a patdégenos (PAMPSs). Estes ultimos reconhecem produtos da
parede celular bacteriana como lipopolissacarideos (LPS) e acido lipoteicoico

(LTA) além de outros produtos (ROSENKILDE, SCHWARTZ, 2004).
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A importancia dos odontoblastos como primeira linha de sinalizagéo da
resposta inflamatéria é substanciado pelo fato de que odontoblastos ativados
por LTA aumentam a expressdo de TLR induzindo a translocacdo de NF-kB
(FARGES et al., 2009; DURAND et al., 2006; VEERAYUTTHWILAI et al.,
2007). Comprovou-se que a ativacdo de TLR2 modula a resposta
odontoblastica, devido ao fato de que a expressdo deste gene é levemente
suprimida pelo agonista sintético Pam3CSK4, em estudo de camada
odontoblastica cultivada in vitro (VEERAYUTTHWILAI et al., 2007). O desfecho
clinico de um processo mediado por produtos bacterianos e, nesse caso 0
destino da unidade dentaria, dependerd da natureza e quantidade de
microrganismos presentes dentro da dentina, da profundidade de penetracao
dos mesmos em relacdo a evolucdo do processo carioso, bem como o grau de
erupcao e a condicdo de contato do dente com bactérias orais. Nesse contexto,
os odontoblastos assumem importante fungéo, pois sdo a primeira barreira de
células em contato com antigenos bacterianos, que passam a expressar baixos
niveis de interleucina (IL)-8, e de alguns genes relacionados a quimiocinas
(CCL2, CCL26, CXCL4, CXCL12 e CXCL14) e seus receptores (CXCR2,
CCRL1 e CCRL2) (DURAND et al, 2006; JONTELL, GUNRAJ,
BERGENHOLTZ, 1987). Com a progressdo da lesdo cariosa, as bactérias
inicialmente G+ aerobias, passam a dar lugar a bactérias G- anaerobias e,
portanto, o LPS presente nesses microorganismos estimula outros receptores
ja presentes na polpa sadia, estimulando a producdo de inUmeras citocinas,
guimiocinas e peptideos antimicrobianos (ROSENKILDE, SCHWARTZ, 2004).

As quimiocinas sado citocinas que possuem propriedades quimioatrativas

seletivas, cuja funcdo € coordenar a circulacdo homeostéatica dos leucdcitos,
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assim como o0s deslocamentos destes em direcdo a sitios de
inflamacao/infeccdo ou injarias. Odontoblastos ndo estimulados expressam
genes de algumas quimiocinas que fazem o recrutamento de DCs imaturas
(FARGES et al., 2009). As quimiocinas também estdo envolvidas no processo
de angiogénese, proliferacdo celular, apoptose e metéstases tumorais (ALLEN,
CROWN, HANDEL, 2007; BILATE 2007; VIOLA, LUSTER, 2008; TRONSTAD,
1988), sendo diferentes em odontoblastos e fibroblastos na resposta imune

frente a microrganismos na polpa (FARGES et al., 2009).

1.2- O papel das quimiocinas no processo inflamatario

A reacdo inflamatéria € acompanhada por uma resposta sistémica
conhecida por resposta de fase aguda, no qual é representada por febre,
producéo de diversos horménios, leucocitose e producéo de proteinas de fase
aguda. Citocinas como IL-1, IL-6, TNF-a, sdo produzidas no local de
inflamacéo, induzindo a producdo de proteinas de fase aguda pelos
hepatécitos, dentre elas a proteina C-reativa, que se liga a uma grande
variedade de patégenos, ativa as proteinas do sistema complemento,
resultando na deposicdo de C3b na superficie do microrganismo. Este
processo termina por facilitar a fagocitose dos patdgenos mediada por
fagdcitos que expressam receptor para C3b. O pico de producdo dessas
proteinas de fase aguda geralmente ocorre entre 12 e 24 horas apos o inicio da
resposta inflamatodria aguda (BILATE 2007). Os estudos sobre células pulpares
em inflamacdo aguda séo escassas, e pouco se referem a biologia molecular.

O CCL5 é um membro da familia de quimiocinas CC, responsavel por

iniciar a atividade em eosindfilos, mondcitos e células T CD4+ (GAMONAL et
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al., 2001), e o seu receptor CCR5, é competidor de RANKL. Esta quimiocina
aumenta a expresséao de IL-12 (48) e IFN-y (MAKINO et al., 2002) e estimula a
migracao de células Thl, principalmente células T de meméria (WEBER et al.,
2001). O CCRS5 é um receptor mediador critico de leucécitos visto que regula a
ativacdo de inumeras quimiocinas CC inflamatorias como MIP-1a, MIP-1B e
RANTES (DE ROSSI, ROCHA, ROSSI, 2008). Ele também faz a transduc¢éo do
sinal pelo aumento do nivel de ions calcio e pode desempenhar um papel
importante no controle da linhagem de proliferacdo ou diferenciacdo de
granulécitos. O CCR5 é expresso em baco, timo e também na linhagem de
células mieldides THP-1, linhagem de células pr6-mieloblasticas KG-1A e nas
células T CD4+ e CD8+ (DE ROSSI, ROCHA, ROSSI, 2008). O emprego de
agregado triéxido mineral (MTA) sobre a polpa dentaria induz aumento nos
niveis de CCL5 10 e 20 dias ap0s o tratamento executado no grupo-controle,
mas nos grupos onde se utilizou MTA, os niveis foram bem menores (SILVA,
VIEIRA, SOBRINHO, 2008), indicando que o MTA exerce efeito antinflamatério
na polpa afetando os niveis de CCL5. Estudo recente em dentes de
camundongos “knockout” submetidos a movimentagdo ortoddntica foi
observado que o CCR5 desempenham papel de supressores na ativagcédo de
mecanismos envolvidos na ativagéo de osteoclastos e reabsor¢gdo (ANDRADE
et al., 2009).

As doencas cronico-inflamatorias estédo intimamente ligadas a processos
de reabsorcdo Ossea. Dentre tais patologias podemos citar artrite reumatoide,
periodontites, deficiéncia de estrogénio (osteoporose pos-menopausa), e estao
associadas a diminuicdo da massa 6ssea local e sistémica devido a reabsorcéo

O0ssea progressiva e excessiva mediada por osteoclastos (GAO et al., 2007;
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IKEDA et al., 2004; PACIFICI, 2008). Em condi¢cbes de quebra da homeostase
tecidual, os linfécitos T ativados apresentam uma funcdo relevante na
regulacdo da perda éssea, através da producdo de RANKL, levando a inducao
da osteoclastogénese (GAO et al., 2007). Na artrite reumatéide, RANKL e
citocinas pro-inflamatérias desempenham papel importante na progressao da
doenca. Avaliacdes histoldgicas revelaram que a composicao celular de lesdes
0sseas inflamatodrias em artrite reumatoide consiste inicialmente em células T e
B, assim como os macrofagos (SMITH et al., 1992; TORALDO et al., 2002). Os
linfécitos T e B séo identificados como aceleradores da reabsorcéo 6ssea pela
producdo de citocinas e RANKL (HAN et al.,, 2006; KOZUKA et al., 2006;
ADAMOPOULOS et al., 2006). Os macréfagos podem se diferenciar ndo sé em
osteoclastos nos tecidos inflamados (CHU et al., 1992) mas também podem
estar presentes para acelerar a reabsorcdo 6ssea através da producdo de
citocinas proé-inflamatérias (TEITELBAUM, ROSS, 2003). A sequéncia de
eventos bioquimicos desencadeados pela Porphyromonas gingivalis, um
patbgeno periodontal, induz a expressdo de RANKL e citocinas pro-
inflamatodrias que estimulam os macréfagos da matriz 6ssea, desempenhando
um importante papel na osteoclastogénese. Além disso, 0 RANKL tem efeitos
sobre a ativacdo de NF-kB, c-Fos, fator nuclear de ativacdo de células T
(NFAT), e varios outros fatores de transcricdo (SUDA et al., 1999) .

Na Endodontia, o0s mecanismos responsaveis pela reabsorcdo, no caso
especifico, na reabsorcdo dentaria, permanece um mistério, visto que sua
etiopatogenia ainda é desconhecida. Alguns autores sugerem como causa um
trauma ocorrido previamente (BARKER, LOCKETT, 1977; MANDOR, 1981; AL-

NAZHAN, SPANGBERG, 1995), visto que as reabsor¢des internas ocorrem em
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dentes anteriores e acomete em torno de 14 a 40% de criangas a adultos
jovens onde a prevaléncia de traumas dentarios é maior (ROBERTSON et al.,
2000; ANDREASEN, LAURIDSEN, DAUGAARD-JENSEN, 2009). Alguns
autores justificam pela provavel reacdo inflamatéria crénica, onde nao ha
sintomatologia dolorosa, sendo diagnosticado por um achado radiografico de
rotina (ANDREASEN, LAURIDSEN, DAUGAARD-JENSEN, 2009). Os
odontoblastos sdo das primeiras células a entrar em contato com produtos
bacterianos. Biologicamente isso sugere que as células pulpares tém um papel
crucial na expressao de sinais bioquimicos capazes de permitir a montagem de
uma resposta protetora. Assim, sinais traduzidos na forma de citocinas seriam
capazes de ativar células ligadas a resposta inflamatéria e imune no sentido de
neutralizar potenciais agentes invasores e permitir o reparo dos tecidos
pulpares. Entretanto, 0s mesmos sinais poderiam desencadear a
odontoclastogénese e a reabsorcdo dentaria visto que muitas das citocinas e
sinais secundarios, rotas de transducdo e fatores de transcricdo, gerados no
ambiente intracelular, sdo comuns aos dois processos. Embora trabalhos
tenham mostrado a ativagédo de NF-kB por fatores de viruléncia bacterianos
(STAQUET et al., 2006), ndo ha relatos sobre os efeitos destes componentes
diretamente sobre a expressdo e modulacdo de mecanismos que levam a
ativacao e diferenciacdo de células pulpares. Nao ha relatos na literatura, tanto
em inflamacdo aguda sistémica, quanto inflamacdo aguda pulpar, das
quimiocinas que foram avaliadas neste estudo. Sabe-se que elas
desempenham papel importante na inflamagdo cronica, mas ainda nao é

conhecido o seu papel na inflamacéao aguda.
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O objetivo dos estudos sobre as quimiocinas analisadas seria verificar o
papel delas no inicio do processo inflamatério agudo, e se essa fungéo seria
primordial tanto para o “engatilhamento” da reacao inflamatoria, quanto para o
seu desenvolvimento. Esta descoberta seria de grande relevancia clinica, visto
que poderia auxiliar no desenvolvimento de uma imunoterapia capaz de
bloguear as quimiocinas responséveis pelo inicio do processo inflamatorio. Na
inflamacéo crbnica estas pesquisas ja possuem resultados satisfatérios, o que
nao ocorre na inflamagéo aguda.

Através das informacdes citadas, este trabalho objetiva analisar o
processo inicial inflamatério, para identificar o papel de algumas quimiocinas,
se sdo responsaveis pelo desencadeamento das rotas inflamatorias na polpa

dentéria, frente a diferentes tipos de agresséo.
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1.3 Objetivos

1.3.1- Objetivo geral

O presente estudo tem como objetivo caracterizar a resposta
inflamatéria inicial de células pulpares ao estimulo com fatores fisicos ou

de viruléncia bacterianos a partir da deteccao de quimiocinas.

1.3.2- Objetivos especificos
Avaliar, através de analises histoldgica e imunoldgica, as
quimiocinas RANKL, CCL5/RANTES E CCRS5, frente & agresséo fisica ou
quimica de bactérias G+ e G-.
Caracterizar a deteccdo ou ndo destas quimiocinas no processo

inflamatério inicial na polpa de ratos.
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Artigo

Imunoexpression of RANKL, CCL5/RANTES and CCRS5 in acute dental

pulp inflammation in rats, induced by tissue exposure, lipoteichoic

acid or lipopolysaccharide

Preparado para submisséo no Journal of Endodontics — fator de impacto 2,868.
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Imunoexpression of RANKL, CCL5/RANTES and CCRS5 in acute dental
pulp inflammation in rats, induced by tissue exposure, lipoteichoic acid or
lipopolysaccharide

ABSTRACT

Introduction: The aim of this study was to evaluate the expression of
chemokines in dental pulp inflammation induced by saline, lipoteichoic acid
(LTA) or lipopolysaccharide (LPS). Methods: Pulp exposure was performed in
the left lower first molars of eighteen (18) male Wistar rats. They were divided
into three groups in which either sterile saline, LTA or LPS was placed in
contact with pulp tissue. After, the cavities were sealed with silver amalgam.
Euthanasia was performed after 48 h and the jaws were dissected for
histological evaluation of inflammation and immunoexpression of RANKL,
CCL5/RANTES and CCRS5. The expression of these markers was compared
with the observed in the non-exposed dental pulp of the second left lower
molars (negative control). Results: RANKL was not expressed in untreated
teeth, whereas was detected in teeth in which pulp inflammation was induced
by tissue exposure followed by saline, LTA or LPS application, being located in
inflammatory cells. The marker expression was progressively more intense in
saline, LT and LPS groups respectively. CCR5 was not expressed in none of
the groups. CCL5/RANTES were expressed either in untreated teeth and in
teeth in which pulp inflammation was induced by the pulp exposure followed by
saline LTA or LPS application, being located in the peripheral blood vessels,
inflammatory cells and odontoblasts. Conclusions: RANKL was expressed in
dental pulp inflammatory cells after damage induced by the physical trauma of

tissue exposure, LTA or LPS. The expression of CCL5/RANTES, and CCR5
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does not differ among pulp inflammation from induced by the physical trauma of
tissue exposure, LTA or LPS.
Key words: pulp inflammation, lipoteichoic acid (LTA), lipopolysaccharide

(LPS), chemokines, RANKL, CCR5, CCL5/RANTES.

INTRODUCTION

The pulp-dentin complex is a vulnerable environment. When dental
caries are established, bacteria play a role in dentin degradation and in the
elicitation of in pulp immune and inflammatory response (1). Gram-positive
bacteria are usual in the oral environment, being found in shallow caries or
outer dentinal tubules of deep caries. On the other hand, gram-negative
bacteria are detected in deep caries and in endodontic infection, being
associated with pulpal and periapical inflammation (2, 3, 4, 5) In this context,
bacterial endotoxins from lipoteichoic acid (LTA) (Gram positive bacteria) and
lipopolysaccharide (LPS) (Gram negative bacteria) interact with host responses
in the development of pulp inflammation through activity modulating pathways
that remain partially unknown (1,2).

These endotoxins can gain access to pulp tissue during carious process
(2). In this regard it was demonstrated that odontoblasts are activated through
TLR2 by Gram-positive bacteria LTA, secreting chemokines and recruiting
dendritic cells (1), while high levels of LPS stimulate cells to release

proinflammatory cytokines that lead to tissue destruction throughTLR4 binding
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(7, 8, 9, 10). In this regard the role of other biological routs involved in dental
pulp inflammatory response is unclear (6).

CCL5/RANTES is a chemokine ligand that binds to CCRS5, increasing T
cell adhesion to endothelial cells (2). Thus, it is commonly expressed in
inflamed tissues (11-13). The role of CCL5/RANTES in modulating inflammation
has been established in orthodontics (14) and periodontics (15), but the activity
modulation of pulp inflammation by these chemokines warrants further
attention. These data could be important in a pharmacologic perspective for
testing antagonisms that could be useful in developing approaches for
promoting pulp tissue healing.

RANKL is the receptor activator of nuclear factor-kB ligand. It decoy
osteoprotegerin (OPG) receptor which represent the essential molecular unit
that controls osteoclast differentiation and thereby fundamental aspects of bone
physiology (16-22). Recent studies suggest that growth factors and
neuropeptides associated to inflammation stimulate release of RANKL in dental
pulp cells (23). Also, a correlation between RANKL expression in dental pulp
cells and primary root resorption and was described (24). On the other hand, up
to date the immnunohistochemical localization of RANKL in dental pulp
inflammation induced by endotoxins has not been established.

Thus, the aim of this study is to assess, through immunolocatization, the
activity modulating of some chemokines in inflammatory process induced by

LTA or LPS.
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MATERIALS AND METHODS
Preparation of animals

This study was approved by Pontifical Catholic University of Rio Grande
do Sul Institutional Animal Care and Use Committees (Protocol 1100229).
Eighteen (27) 7-weeks-old male Wistar rats were used. They were anesthetized
intraperitoneally with ketamine 100mg/kg body weight and xylazine 10mg/kg
body weight (Virbac do Brasil, Juruatuba, SP, Brazil) before the experimental
procedures. Mouth opening was achieved by using a designed device (25).
Pulp exposure was performed in the left lower first molars, by drilling cavities on
the central portion of the occlusal surface with a 1011 HL round bur in high
speed (KG Sorensen, Cotia, SP, Brazil) to a depth nearly equal to the bur
diameter (1 mm). The rats were divided into three groups of six animals each. In
Group 1 was applied sterile saline. In Group 2, 1mg/ml of LTA of
Staphylococcus aureus (SIGMA - L2515- USA) was applied, and in Group 3,
1mg/ml LPS from Escherichia coli (SIGMA - L3012-USA). Applications were
made using a sterilized cotton pellet placed directly in contact with pulp tissue
and teeth were sealed with silver amalgam. The animals were fed ground and
water. After 48 hours, the rats were euthanized by inhalation of isoflurane. The
jaws were dissected for histological evaluation and immunostaining. The
expression of the markers was compared with the observed in the non-exposed

dental pulp of the second left lower molars (negative control).

Sample preparation
The samples were fixed with buffered 10% paraformaldehyde for 24h.

After, the specimens were decalcified in 15% EDTA pH 7.5 (DEG-Importa OD
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Quimic Products, number 101013) for 45 days, changing the solution of each
three days, and processed for paraffin embedding. Five um serial sections were
obtained and mounted on slides. After deparaffinization, the samples were
submitted to block endogenous peroxidase (H202) and incubated with normal
serum to reduce background. The slides were incubated with primary antibodies
by immunohistochemistry, to detect unconjugated CCL5/RANTES
(CCL5/RANTES Antibody [NBP1-19769] Novus Biologicals- USA) and CCR5
(CCRS5 polyclonal CCR5 Antibody [NBP1-41434] Novus Biologicals- USA) for
12 hours at 4°C. Sections were incubated with secondary antibody conjugated
with biotin. The slices were counter-stained with hematoxylin/eosin for

histological evaluation.

Histological Analysis and immunoexpression

The slices were examined under light microscopy by blind
examiners. Histological and immunohistochemistry outcomes were based in a
descriptive analysis of pulp tissue. The intensity of pulp inflammation, the cells
types that take part of inflammatory reaction and features regarding vascularity
and odontoblast layer organization were observed. The intensity of pulp
inflammation was stablished in scores. Score 0 in no inflammation, score 1 in a
little inflammation, score 2 in average inflammation, and score 3 in severe
inflammation. The immunoexpression of CCL5/RANTES, and CCR5 positive

cells were screened throughout the length of the pulp.
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RESULTS

Histological features of LTA and LPS induced inflammation did not differ
significantly from the observed after pulp exposure and placement of saline
solution, although the intensity of inflammatory reaction was greater. The higid
teeth was score 0. The saline group was score 1, the LTA group, score 2, and
LPS group, score 3 (Figure 1). In the three tested groups, neutrophils were the
predominant inflammatory cell, but limphocytes and macrophages were also
detected. Superficial tissue destruction was noted under the area of pulpal
exposure. Next to this zone, blood congestion, as well as the disruption of
odontoblast layer was observed (Figure 2).

CCR5 was detected in none of the samples (Figure 4), while
CCL5/RANTES could be observed in the inflammatory cells after pulp exposure
to LTA, LPS or saline solution (Figure 3). This chemokine expression was also
detected in fibroblasts, odontoblasts and peripheral blood vessels throughout
the root canal, either in the test groups or in the control samples.

RANKL was not expressed in higid teeth, whereas was detected in teeth
in which pulp inflammation was induced by tissue exposure followed by saline,
LTA or LPS application, being located in inflammatory cells. The marker
expression was progressively more intense in saline, LTA and LPS groups
respectively. This chemokine expression was not detected in odontoblasts
fibroblasts and in peripheral blood vessels throughout the root canal, either in

the test groups or in the control samples (Figure 5).
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DISCUSSION

The present study verified the immunolabeling pattern of CCL5/RANTES,
RANKL and CCRS5 in dental pulp inflammation induced by the physical trauma
of pulp exposure followed or not by the application of LTA or LPS upon this
tissue, comparing it with the baseline expression of these chemokines. The
investigation of this biological route in pulp tissue brought some insights on their
role in pulp reactions to different aggressions.

In some samples, initial periapical inflammation could be observed in
response to pulpal damage. In these specimens, the immunostaining of
CCL5/RANTES was also associated to the inflammatory response.

Up to date, CCL5/RANTES and CCR5 has been strongly associated with
inflammation (6). In agreement, Marusich et al. (26) observed reduced
expression of CCR5 ligands CCL3 (MIP-1a) and CCL5/RANTES in the
microvasculature protected and facilitated repair responses. On the other hand,
in the present study the tested markers did not differ in the healthy baseline
control of pulp tissue if compared to the inflamed pulp, including the samples in
which LTA or LPS was applied. Even when no procedure was conducted,
CCL5/RANTES was found to be expressed in the vessels peripheral cells,
odontoblasts and fibroblasts, on the contrary of a previous study finding (27). A
possible explanation to this difference may be the animal model employed. In
this regard, other authors (28) pointed out differences in chemokine expression
among various murine models. In the current investigation, rat molars were
used to evaluate chemokine expression, considering their similarities with the
human molar teeth (25). Otherwise, the study from Silva et al. (27) evaluated

mice incisors, which present continuous root growth with tissues self-renewing
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potential, which could have influenced in the expression of the marker. In
agreement, previous studies on tumoral diseases suggested that increased age
could be an important aspect when considering CCL5/RANTES up-regulation
(29,30).

The current knowledge suggests that the expression of CCR5 in
peripheral blood mononuclear cells might alter their adhesion to the
microvasculature and their participation in inflammatory processes (31), which
has been demonstrated in several inflammatory and immunological diseases
(15). Nevertheless, in the results showed herein, CCR5 was not expressed in
blood vessels and inflammatory cells. A possible explanation to this could be
the observation of a short period of time after pulp tissue aggression, which
resulted in an acute response, mainly related to neutrophils. In accordance,
CCR5 chemokine receptor was described to be associated with immature
dendritic cells (DCs), activated T cells, and its interaction of antigen-presenting
cells (APCs) (32,33), comprising later stages of inflammatory response.

It is also possible that CCL5/RANTES binds to other receptors for playing
a role in the initial pulp inflammation. In this regard, Marusich et al. (26)
suggested other chemokine receptors, such as CCR1 and CCR3, could bind
CCL5/RANTES. As a matter of fact, this ligand was expressed in inflammatory
cells, odontoblasts and peripheral blood vessels, although CCR5 receptor was
not found in the evaluated experimental period.

In this study, RANKL was expressed only when an inflammatory
response was induced, being more intensely detected next to the area of pulpal
damage, and when the endotoxins where placed upon pulp tissue. This is in

accordance with clinical difficulties in obtaining healing after pulp capping of
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carious exposed teeth, suggesting that the procedure should present a better
prognosis in recent traumatic pulp exposure, when microrganism and their
byproducts do not interact with the host responses (34).

LPS promoted the most intense immunolabeling, confirming previous
descriptions of its greater aggressive potential. According to Ginsburg
(2002)(35), LTA is much less potent than LPS in inducing proinflammatory
cytokine production.

In disagreement with a previous study (36), RANKL was not detected in
odontoblasts. This difference can be explained by the fact that RANKL-
immunoreactivity was observed during deciduous root resorption, suggesting
that the marker plays a role in this process. On the other hand, in acute pulp
inflammation, as demonstrated herein, the expression of RANKL was limited to
inflammatory cells, being more intensely detected as the intensity of
inflammation increased.

Considering the experimental period observed herein (48 h after
procedures) in the three test groups, neutrophils were the predominant
inflammatory cell, but lymphocytes and macrophages were also detected. In
agreement, the expression of RANKL has been described in initial inflammation
of myocardium being related with TNF-a, IL-1a, and IL-1b up-regulation (37).
Longer experimental periods could be observed in further studies, aiming at

evaluate if RANKL plays a role when chronic inflammatory cells are dominant.
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CONCLUSION

The immunoexpression of CCL5/RANTES and CCR5 does not differ
among higid dental pulp and inflamed pulp induced by the physical trauma of
tissue exposure, LTA or LPS. CCR5 was expressed in none of the samples,
suggesting other receptors that may interact with CCL5/RANTES.

RANKL was expressed in dental pulp inflammatory cells after damage

induced by the physical trauma of tissue exposure, LTA or LPS.
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Figure legends:

Figure 1. Tables of results in scores according intensity of inflammatory

response.

Figure 2: Histological aspects: Higid teeth (A). Small inflammation near the
exposure area with saline solution (B). Inflammation increase in LTA when
compared to saline (C). Intense inflammation with the presence of many

neutrophils in LPS (abscess).(D).

Figure 3: Expression of CCL5/RANTES in higid teeth (A), and in pulp
inflammation induced by mechanical exposure (B), LTA (C) and LPS (D).
Arrows show cells of blood vessel expressing CCL5/RANTES (A). Inflammatory
cells at the site of contact with the pellet saline (B). Immunoexpression of
odontoblasts and others pulp cells (C). Inflammatory cells and pulp cells in LPS

exposure (D).

Figure 4: Expression of CCR5 in higid teeth (A), and in pulp inflammation
induced by mechanical exposure (B), LTA (C) and LPS (D). CCR5 was not

expressed in either group.

Figure 5: Expression of RANKL in higid teeth: no cell expressing the
chemokine (A). RANKL was expressed in inflammatory cells after induced by

mechanical exposure (B), LTA (C) and LPS (D).



4. Discussao geral



44

4. Discusséao geral

O presente estudo avaliou a imunoexpressao de quimiocinas na
inflamacao inicial em polpa de ratos frente & contaminacédo bacteriana ou a um
agente fisico, o trauma. Existem muitos estudos envolvendo quimiocinas em
inflamacd@o crénica, com reabsorcdo Ossea a nivel periapical, seja por
contaminacdo bacteriana (GAMONAL et al., 2001; GARLET et al., 2006;
MACIEL et al., 2012; DE BRITO et al., 2012; ZHAO et al., 2013) ou por agente
fisico: trauma ou movimento ortodontico (ANDRADE et al. 2009). O potencial
de resposta e modulagdo de processos inflamatoérios agudos e por células de
origem odontoblastica tém sido escassamente abordados apesar de recentes
evidéncias apontarem para a grande capacidade moduladora destas que séo a
primeira populagao celular a ser envolvida em processos infecciosos da polpa
dentaria (LOVE & JENKINSON 2002, VEERAYUTTHWILAI et al., 2007,
FARGES et al., 2009).

O tipo de contaminacao bacteriana pode influenciar no tipo celular de
reconhecimento, na progressao da inflamacao, bem como na manifestacao da
dor. VEERAYUTTHWILAI et al., (2007) verificaram um reconhecimento padréo
por TLR2 para bactérias G+, e TLR4 para G- em odontoblastos. Com a
intencdo de comparar da intensidade da reagdo inflamatéria, este estudo
analisou o efeito das bactérias G+ e G- sobre a polpa apos 48h, concordando
com GINSBURG (2002) e VEERAYUTTHWILAI et al., (2007) que também
verificou uma inflamacéo mais intensa na contaminacao por bactérias G-.

Assim como as citocinas, as quimiocinas também estdo envolvidas na
diferenciacéo de linfécitos Thl e Th2. Células Th2 expressam CCR3 e CCR4

gque ndo sao expressos em ceélulas Thl, enquanto que as células Thl
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expressam CCR1, CCR3 e CCR5, receptores que as células Th2 néo
expressam (BILATE 2007). Estudos verificaram a presenca de CCR5 em polpa
(FARGES et al., 2009) ou em tecido periodontal inflamado (GAMONAL et al.,
2001), discordando com este trabalho, que nao verificou a presenca deste
receptor nas células pulpares, possivelmente pelo fato de ser uma fase
inflamatoria inicial, ou seja, num periodo de 48h. Pode-se dizer que houve
discordancia em parte, ja que FARGES et al. (2009) refere que determinados
ligantes podem se ligar alternadamente em receptores especificos, como por
exemplo: CCL3, CCL5/RANTES e CCL16 podem se ligar a CCR1; CCLS3,
CCL4, CCL5/RANTES e CCL8 se ligam a CCR5; e CXCL9, CXCL10 e
CXCL11 podem se ligar a CXCR3.

Resultado oposto foi obtido pela expressdao de CCL5/RANTES, que foi
identificado em fibroblastos, odontoblastos e inclusive em células endoteliais
em toda a extensao pulpar, tanto nos grupos teste quanto em controle.

VEERAYUTTHWILAI et al. (2007) demostraram, pela primeira vez, a
presenca de receptores frente a microorganismos in situ, tais como CCRS,
TLR2 e TLR4. Além disso, verificaram que houve diferenca na resposta a
quanto ao tipo de bactéria.G+ e G-.

O trauma pode ser considerado um aspecto relevante para a inflamacao
(AL-NAZHAN, SPANGBERG, 1995). O presente estudo verificou que houve
expressdo de RANKL nas células inflamatorias, tanto no dente abordado,
simulando o trauma, quanto na contaminacéo bacteriana, sendo a mais intensa
em polpa infectada com endotoxina G-. AGUILAR et al. (2011) confirma esta
afirmacdo justificando a incapacidade de reverter o processo inflamatorio apos

a polpa ter sido acometida pela carie.
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Nos dentes higidos ndo houve imunoexpressao de RANKL. Em estudos
analisando inflamacéo crénica, periodontal e periapical, com reabsorcao 0ssea,
demonstram que RANKL esta sempre expresso nas células e é responsével
pela diferenciacdo osteoclastica (NAKAGAWA et al.,1998; HSU et al.,1999;
UKAI et al.,, 2008; ZHAO et al., 2013). Outro relato importante foi o fato de
RANKL néo ser expresso pelos odontoblastos, pelo menos neste periodo do
estudo, estando em desacordo com pesquisa, que analisou dentes deciduos
em processo de esfoliagdo (reabsorcdo dentaria)(LOSSDORFER 2002).
RANKL foi identificado apenas nas células inflamatérias, principalmente
neutréfilos, mas também esteve presente em macréfagos e linfocitos, estando
de acordo com estudo que analisou o aspecto inflamatério inicial do miocéardio
de camundongos (OCK et al., 2012) . Estudos futuros seriam necessarios, com
um periodo maior de acompanhamento da resposta inflamatéria, para poder
descrever RANKL frente a uma inflamacgéo cronica, com andlise de aspecto
reabsortivo.

Além disso, outro fator importante a ser investigado seria(m) qual(is)
receptor(es) se liga(m) a CCL5/RANTES. A presenca deste ligante em todas as
amostras, ao passo que ndao ha nenhuma expressao de CCR5, pode-se sugerir
que CCL5/RANTES se liga a outro receptor. Uma alternativa seria a
investigacdo de CCR1 e CCR3, de acordo com estudos ja publicados
(MARUSICH et al.,, 2011; BILATE 2007, FARGES et al., 2009). Estudos
adicionais sdo necessarios, com outros receptores, ja que existe a expressao

de CCL5/RANTES e ndo houve a de CCR5.
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Conclusdes

A imunoexpressao de CCL5/RANTES e CCR5 néo diferem entre a polpa
higida ou inflamada, tanto por agresséo fisica quanto toxinas bacterianas. Em
compensacdo, RANKL é expresso somente nas células inflamatérias quando
hé tais agressoes.

RANKL serve como sinalizador de eventos iniciais inflamatérios.
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7. Anexo 1

Tabela de abreviacdes

RANKL - ligante do receptor ativador do NF-kB
NF-kB - factor nuclear kappa B
CCL5/RANTES - ligante da quimiocina CC5
CCRS5 - receptor da quimiocina CC5

LTA - &cido lipoteicéico

LPS — lipopolissacarideo

G+ - Gram-positivo

G- - Gram-negativo

DC — célula dendritica

NK — natural killer

TLR — receptores Toll-like

PRR — receptor padrao de reconhecimento

PAMP — receptor de padréo Toll-like associado a patégeno

IL — interleucina

TNF-a — fator de necrose tumoral alfa

c-Fos — gene de ativacdo imediata c-Fos

NFAT - fator nuclear de ativacao de células T
MIP-1a - proteina inflamatdria de macrofagos-1a

Th — T-helper
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