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PREFACIO

Essa tese € constituida de dois trabalhos:

Um artigo cientifico desenvolvido durante o curso de Doutorado nessa

institui¢do:

e Capitulo 1, “Intrusion of teeth with class III furcation. Clinical,
histologic, and histometric study in dogs”, submetido para publicacdo no periddico

Journal of Clinical Periodontology.

Um artigo cientifico desenvolvido durante o estigio do Programa de
Doutorado sanduiche, na Academic Center of Dentistry Amsterdam (ACTA),
Holanda:

* Capitulo 2, “TNFa and IL-18 inhibit fluid shear stress-induced nitric
oxide production by osteocytes and osteoblasts”, submetido para publicacdo no

periédico Journal of Bone and Mineral Research.



LISTA DE ABREVIATURAS

ATP: adenosina trifosfato

BA: enxerto 6sseo autdégeno (bone autograft)

EGTA: etileno glicol-bis (2-aminoetiléter)-N,N,N’,N’-4cido tetraacético
GdCI3: cloreto de gadolinio

GTR: regeneracio tecidual guiada (guided tissue regeneration)

I: intrusdo ortoddntica

IL-18: interleucina-1 beta

LP: ligamento periodontal

NO: 6xido nitrico (nitric oxide)

NOS: enzima 6xido nitrico sintetase (nitric oxide synthase enzyme)
OFD: raspagem com acesso via retalho periodontal (open flap debridment)
OPG: osteoprotegerina

PFF: fluxo de fluido pulsatil (pulsatile fluid flow)

RANK-L.: receptor ativador do fator nuclear-xB ligante

TMB-8: 8-(NN-dietilamino)octil-3,4,5-trimetoxibenzoato HCI

TNFo: fator de necrose tumoral alfa



da Silva VC. Efeitos da intrusio ortodontica na reparacdo de lesdes de furca grau
III em cées, e da presenga de TNFa e/ou IL-18 na mecanoresposta de células
Osseas in vitro [tese doutorado]. Araraquara: Faculdade de Odontologia da

UNESP; 2008.

Resumo

O objetivo dessa tese foi avaliar os efeitos da intrusdo ortodontica no processo de
reparacdo de lesdo de furca grau IIl em caes, e da presenca de fator de necrose
tumoral alfa (TNFa) e/ou interleucina-1 beta (IL-18) na mecanoresposta de células
com caracteristica de ostedcitos e osteoblastos in vitro. No estudo in vivo, lesdes
de furca grau Il foram criadas em pré-molares inferiores de sete cdes. Apds 75
dias, as lesdes foram aleatoriamente tratadas com cirurgia a retalho (OFD)
associada ou ndo a regeneracdo tecidual guiada (GTR) e enxerto dsseo autdégeno
(BA). Apdés um meés, iniciou-se a intrusdao ortodontica (I) em parte dos dentes
tratados pelas duas diferentes abordagens (grupos teste), por meio de ancoragem
em miniimplantes. Os caes foram sacrificados apds trés meses de movimentagao e
um més de contencdo. Todas as lesdes de furca grau III foram reduzidas para grau
IT ou I nos grupos teste. O mesmo foi observado em 50% das lesdes nos grupos
controle (sem movimentacdo). O nivel de insercdo clinico foi reduzido nos grupos
teste, no final da contencdo (p<0.01). O grupo OFD+I apresentou maior
preenchimento 6sseo que os demais grupos (p<0.05), demonstrando superioridade
desta associacdo, no tratamento de lesdes de furca grau III, em cdes. Esses
resultados levantaram a hipétese de que o processo de degradacdo da membrana
e/ou enxerto dsseo interagiria negativamente sobre o processo de reparo quando
associado a forcas ortodonticas, pois a presenga de mediadores inflamatdrios
estaria intensificada. E conhecido que a alteracdo tecidual proveniente da
movimentagdo ortoddntica € resultado da acdo de mediadores quimicos sobre as
células dos tecidos periodontais. Portanto, buscamos avaliar in vitro a acfo de duas
citocinas pré-inflamatérias, TNFa e IL-18, sobre células dsseas em presenca e

auséncia de carga mecénica. Assim, no estudo in vitro, MLO-Y4 ostedcitos e



MC3T3-E1 osteoblastos foram incubados com TNFa (0.5-30 ng/ml), IL-18 (0.1-
10 ng/ml) ou inibidores de cdlcio TMB-8, GdCls, ou EGTA por 30 min seguidos
por 30 min de fluxo de fluido pulsatil (PFF; 0.6:0.3 Pa, 5 Hz). Apoptose,
quantificada por ensaio de Caspase-Glo 3/7, ndo foi afetada por TNFa e IL-1p3. O
PFF estimulou a produgdo de 6xido nitrico (NO) e de [Ca]12+, avaliados pelo
reagente de Griess e Fluo-4 AM respectivamente. Ambos TNFa e IL-18
reduziram a producdo de NO em todos os periodos e suprimiram o aumento nos
niveis de cdlcio induzidos pelo PFF em ambos os tipos celulares. Em ostedcitos, a
produgdo de NO aos 5 min foi reduzida por todos os inibidores de calcio (p<0.05).
Em osteoblastos, NO foi reduzido por TMB-8 e GdCl;, mas nio EGTA.
Concluindo, TNFa e IL-1f3 reduziram a producdo de NO induzido pelo PFF em
células MLO-Y4 e MC3T3-El1, provavelmente devido a inibi¢do do aumento dos

niveis de calcio associados ao PFF.

Palavras-chave: Defeitos de furca; regeneracdo tecidual guiada periodontal;

movimentacdo dentdria; citocinas; fluxo pulsétil.



da Silva VC. Effects of orthodontic intrusion on the healing of class III furcation
lesions in dogs, and of the presence of TNFo and/or IL-18 on the
mechanoresponse of bone cells in vitro [tese doutorado]. Araraquara: Faculdade

de Odontologia da UNESP; 2008.

Abstract

The aim was to assess the effects of orthodontic intrusion on the healing of class
III furcation lesions in dogs, and of the presence of tumor necrosis factor alpha
(TNFa) and/or interleukin-1 beta (IL-18) on the mechanoresponse of osteocyte
and osteoblast-like cells in vitro. In the in vivo study, class III furcation lesions
were created in lower pre-molars of seven mongrel dogs. After 75 days, teeth were
randomly treated with open flap debridment (OFD) associated or not to guided
tissue regeneration (GTR) and bone autograft (BA). After one month, teeth were
randomly assigned to orthodontic intrusion using mini-implants anchorage or no
movement. Dogs were sacrificed after three months of movement and one month
contention. All class III furcations were closed or reduced to class II or I lesions in
the intrusion groups while 50% of the class IIl lesions in non-moved teeth
remained unchanged. Clinical attachment level was reduced in the intrusion
groups by the end of contention (p<0.01). OFD + I presented smaller soft tissues
area and larger bone tissue area than other groups (p<0.05). Orthodontic intrusion
with mini-implants anchorage improved healing of class III furcation defects after
OFD in dogs. Based on these results we hypothesized that degradation of
membrane and/or bone autograft can negatively interfere on repair when
associated to orthodontic movement because inflammatory mediators are
intensified. It‘s known that cytokines are present during orthodontic movement
which are acting on periodontal cells. Therefore we evaluated in vitro the effects
of two pro-inflammatory cytokines, TNFa and IL-18, on bone cells in presence or
absence of mechanical loading. In the in vitro study, MLO-Y4 osteocytes and
MC3T3-E1 osteoblasts were incubated with TNFa (0.5-30 ng/ml), IL-1B (0.1-10
ng/ml) or the calcium inhibitors TMB-8, GdCl;, or EGTA for 30 min, followed by



30 min of pulsating fluid flow (PFF; 0.620.3 Pa, 5 Hz) with or without cytokines
or calcium inhibitors. Apoptosis, quantified using the Caspase-Glo 3/7 assay, was
not affected by TNFa and IL-18. PFF stimulated nitric oxide (NO) production and
[Cal;** which was measured using Griess reagent and Fluo-4 AM respectively.
Both TNFo and IL-18 decreased PFF-induced NO production at all time points
and abolished the PFF-induced rise in [Ca2+]i in both cell types. In MLO-Y4 cells,
PFF-induced NO production at 5 min was inhibited by all calcium inhibitors, but
in MC3T3-El1 cells this effect was inhibited by TMB-8 and GdCls, but not EGTA.
In conclusion, TNFo and IL-1§ inhibit fluid shear stress-induced NO production
by MLO-Y4 and MC3T3-El1 cells, likely via prevention of the rapid rise in [Ca™*];

associated with the onset of PFF.

Keywords: Furcation defects; guided tissue regeneration periodontal; tooth

movement; cytokines; pulsatile flow.



1 INTRODUCAO

O tratamento ortoddntico tem sido cada vez mais procurado por pacientes

124,12 .
27 Em  muitos casos, a

adultos em busca por funcdo e estética dentdria
movimentagdo dentdria ortodontica em adultos se faz necessaria pela ocorréncia
de perdas dentdrias e migracdes patoldgicas conseqiientes da doenca
. 24,28 oo . . ..
periodontal”™*". Nessas situacdes, o tratamento periodontal regenerativo prévio a
ortodontia tem sido sugerido com o objetivo de restabelecer o periodonto perdido
facilitando o controle de placa e a distribui¢do da carga mecénica durante a

. 1,63,97,115,133
ortodontia .

A terapia ortoddntica também tem sido utilizada
previamente ao tratamento periodontal regenerativo com o objetivo de
alinhamento dentario e redug¢do do tamanho do defeito periodontal facilitando o
prognéstico do tratamento periodontal regenerativo, se ainda necessario’ >

A influéncia da movimentacdo dentdria ortoddntica como um provavel
fator que estimule a regeneragao periodontal vem sendo recentemente estudada, no
entanto ndo foi ainda totalmente elucidada®”"*"**!111210 £ conhecido que o
ligamento periodontal (LP) contém células indiferenciadas com a habilidade de se

. . 82,100,158
diferenciar em cementoblastos e osteoblastos ™

e que a aplicacdo de carga
mecanica in vitro é capaz de promover a diferenciacdo de células mesenquimais
indiferenciadas em osteoblastos’*. Assim, durante o movimento ortodontico, o LP
. . , . o~ 95 L.
em contato direto com o defeito dsseo pode estimular a aposi¢do dssea . Varios
autores observaram maior formacdo 6ssea e periodontal quando a ortodontia foi
. . ~ . , 3 . - . .
realizada em direcio a defeitos dsseos 29596195 " Ganho de nser¢ao conjuntiva e
6ssea também foi observado apds movimento intrusivo de dentes com periodonto

reduzido e sauddveis®’®®

. Sendo assim, o provavel potencial regenerativo da
ortodontia poderia ser utilizado em defeitos periodontais criticos com pobre
progndstico ao tratamento periodontal regenerativo. No capitulo 1, nés testamos a
hipétese de que o movimento de intrusio ortoddntica poderia favorecer o ganho de
insercdo e preenchimento 6sseo em lesdes de furca grau III, usando mini-

implantes como ancoragem ortodontica.



No entanto, sabe-se que as alteragdes observadas em tecidos submetidos a
carga mecanica ortodontica sdo resultantes de eventos bioldgicos complexos78
visto que indimeras moléculas sdo liberadas durante a ortodontia tanto para
estimulacdo quanto para inibicdo da formagdo e/ou reabsor¢io éssea®**”’®. Essas
moléculas devem exercer efeito na reparacdo de defeitos periodontais quando
presentes (como as lesdes de furca grau III, no capitulo 1).

O principal mecanismo a nivel celular que regula a remodelagdo do tecido
6sseo submetido a carga mecanica € conhecido como mecanotransducdo, onde
células Gsseas convertem sinais mecinicos em quimicos e/ou elétricos'. Esse
processo envolve uma cascata de eventos que incluem a presenca de ATP, cdlcio,
prostaglandinas e 6xido nitrico (NO) que levam a remodelagcdo 6ssea''’. Quando a
carga mecanica é aplicada sobre o tecido dsseo, ocorre o movimento do fluido
intersticial na rede lacuno-canalicular ao redor dos ostedcitos™’*!%!1%,
Subsequentemente, essas células produzem moléculas como NO que sinalizam
osteoblastos e osteoclastos para induzir remodelacio 6ssea'®™*"*!. Por outro lado,
a remodelagdo tecidual é modulada também por citocinas inflamatGrias™ %778,
Dentre elas, TNFa e IL-18 estdo presente em altos niveis no lado de pressiao do LP
nos primeiros trés dias apds ativacio do movimento ortodontico'**#+14!  Em
virtude dos niveis elevados encontrados, é sugerido que elas apresentam um papel

84,141

importante na reabsor¢do 6ssea durante 0 movimento ortodontico . Estudos em

animais demonstram que a auséncia de TNFa resulta em reduzido movimento

. 66,155
dentario”

, ho entanto os mecanismos envolvidos na sua fungdo permanecem
desconhecidos. Considerando-se que o entendimento de diferentes eventos
celulares podem ajudar a explicar as respostas teciduais de estudos in vivo, foi
objetivo do capitulo 2 avaliar se a presenca de TNFa e/ou IL-18 poderia interferir
na resposta de células 6sseas submetidas a carga mecanica afetando o mecanismo
de formacdo dssea. Para isso utilizamos a técnica de fluxo de fluido pulsétil (PFF),
que é um estimulo mecinico experimental que simula a carga mecdnica in
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2 PROPOSICAO

O objetivo geral foi avaliar se a intrus@o ortodontica influencia no processo
de reparacgdo de lesdo de furca grau III em cies, e se a presenga de TNFa e/ou IL-
18 afeta a mecanoresposta de células com caracteristica de ostedcitos e

osteoblastos in vitro.

Os objetivos especificos foram:

1- avaliar parAmetros clinicos periodontais em pré-molares de caes com lesdes de
furca grau III, aplicada em fase recente de cicatrizagdo apds tratamento
periodontal com cirurgia a retalho associada ou ndo a regeneracio tecidual guiada
e enxerto dsseo autdgeno;

2- avaliar histolégica e histometricamente os efeitos da intrusdo nos tecidos
periodontais de pré-molares de cies com lesdes de furca grau III, aplicada em fase
recente de cicatrizacdo apds tratamento periodontal com cirurgia a retalho
associada ou ndo a regeneracdo tecidual guiada e enxerto sseo autdégeno;

2 - avaliar, in vitro, se a presenga de TNFa e/ou IL-1p afeta a producdo de NO e o
nivel de cdlcio intracelular em células com caracteristica de ostedcitos e

osteoblastos submetidas a carga mecanica.



3 CAPITULO 1

z

Este capitulo € constituido por uma introdugdo especifica ao assunto

B

“Intrus@o ortodontica de dentes com lesdes de furca grau III em cides.” e pelo

seguinte artigo:

da Silva VC, Cirelli CC, Ribeiro FS, Leite FRM, Benatti Neto C, Marcantonio
RAC, Cirelli JA. Intrusion of teeth with class III furcation. Clinical, histologic and
histometric study in dogs. Submetido para publicacdo no peridédico Journal of

Clinical Periodontology.

No Anexo 1 estdo incluidas as estatisticas descritivas com média, desvio
padrido, mediana, valores mdximo e minimo e os valores de probabilidade p
correspondente aos testes estatisticos utilizados no artigo a seguir. As tabelas Al-
A6 apresentam respectivamente os dados clinicos, em mm, de profundidade de
sondagem, nivel gengival, nivel de inser¢do, e nimero de sitios por grupo com
placa visivel, sangramento gengival marginal e sangramento a sondagem. As
tabelas A7-A8 apresentam respectivamente os dados histométricos em
porcentagem, referentes a drea da lesdo e a extensdo linear da raiz. As medidas
originais da anélise histométrica foram transformadas em valores percentuais para

minimizar a interferéncia do tamanho dos dentes no resultado da analise.

No Anexo 2 consta o certificado de aprovacio final do Comité de Etica em

Experimentacdo Animal da Faculdade de Odontologia de Araraquara — UNESP.



Intrusao ortodontica de dentes com lesoes de furca grau III em

caes.

Dentre os defeitos 6sseos, as lesdes de furca grau III se constituem em
. oo L, .. 265 . .
defeito critico com pobre prognéstico’® devido a dificuldade de acesso e

controle de placa'*®

e pela presenca de células osteogénicas apenas na parede
inferior do defeito®’. Tentativas de restabelecimento do periodonto perdido tém
sido propostas com o emprego de técnicas e/ou biomateriais regenerativos como a
regeneracdo tecidual guiada (GTR), enxertos dsseos, proteinas derivadas da matriz
do esmalte (Emdogain®), peptideos sintéticos (Pepgen P-15®) e fatores de
crescimento®***1181% Dentre esses, a GTR tem sido a mais empregada usando
membranas para atuar como barreiras mecanicas visando excluir o tecido epitelial
e conjuntivo gengival da superficie radicular, para permitir um repovoamento
desta por células mesenquimais indiferenciadas provenientes do ligamento

. 52,102
periodontal™™

. Enxertos 6sseos podem ser associados 2 GTR com o objetivo de
conferir suporte a proliferacdo vascular e celular (osteoconducdo) e promover
osteogénese e/ou osteoinducdo (no caso do enxerto autégeno) estimulando a
formacdo Gssea'''°. O fechamento das lesdes de furca grau III apés GTR,
associada ou ndo a enxerto 6sseo, é um evento ocasional e, portanto, com pobre

11,45,105,114,118

progndstico . E freqiliente ainda, a observacdo de extrusdo dentéria ou

mal posicionamento na cavidade bucal em dentes acometidos por essas lesdes,

principalmente em funcdo da auséncia de dente antagonista®*®

. Nessas situagdes
o uso associado da intrusdo ortoddntica poderia ser vantajoso para o
reposicionamento dentério e eliminacdo ou reducgio da lesdo de furca.

O tratamento ortoddntico em dentes que apresentam problemas
periodontais é possivel na auséncia de processos inflamatérios e infecciosos e
quando h4 adequado controle de placa bacteriana**'™. Nestas condicdes, os dentes
podem ser movimentados sem que haja perda adicional de inser¢do, com
possibilidade de ganho de insercdo periodont3123‘88. Visto que as lesdes de furca
[S105018

grau III possuem prognéstico desfavordvel ao tratamento periodonta

. - . . . . ., 36 .
combinag¢do ortodontia-periodontia pode ser uma alternativa vidvel™ pois o



2

movimento ortodontico € capaz de promover a ativagdo de células locais
indiferenciadas que beneficia o tratamento periodontal regenerativo95 S6.145

Melsen et al.*® estudaram a reacdo tecidual relacionada com a intrusdo
ortoddntica em dentes com periodonto reduzido e concluiram que a combinacio
do tratamento periodontal com intrusdo ortoddntica resulta em ganho de inser¢do
periodontal quando forcas leves sdo utilizadas com adequado controle de placa
bacteriana. Por outro lado, o efeito benéfico da intrusdo tem sido questionado pelo
maior risco de reabsor¢do radicular e movimento dos dentes de ancoragem'*'**.
Com o objetivo de evitar efeitos adversos, forg¢as leves e miniimplantes para

~ . . 35,103,107,152
ancoragem sdo indicados™ ",
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Abstract

Aim: To assess orthodontic intrusion effects on periodontal tissues of dogs pre-
molars with class III furcations previously treated with open flap debridement
(OFD) associated or not to bone autograft (BA) and guided tissue regeneration
(GTR).

Materials and Methods: Class III furcations were created in lower pre-molars of
seven mongrel dogs. After 75 days, teeth were randomly treated with OFD or
GTR /BA. After 1 month of daily plaque control, metallic crowns were assembled
on pre-molars and connected apically to mini-implants by nickel-titanium springs.
Teeth were randomly assigned to orthodontic intrusion or no movement. Dogs
were sacrificed after three months of movement and one month contention.
Results: All class III furcations were closed or reduced to class II or I lesions in
the intrusion groups while 50% of the class III lesions in non-moved teeth
remained unchanged. Intruded teeth presented higher probing depth and lower
gingival marginal level than non-moved teeth (p<0.01). Clinical attachment level
was reduced in the intrusion groups by the end of contention (p<0.01). OFD + I
presented smaller soft tissues area and larger bone tissue area than other groups
(p<0.05).

Conclusion: Orthodontic intrusion with mini-implants anchorage improved

healing of class III furcation defects after OFD in dogs.

Clinical Relevance

Scientific rationale for the study: Orthodontic treatment has been associated to
periodontal regenerative techniques to improve prognosis for patients affected by
advanced periodontal disease. In this study, dogs’ teeth with class III furcations
were intruded after open flap debridement associated or not to bone autograft and
guided tissue regeneration in dogs. Principal findings: Clinical elimination or
reduction of furcations was obtained after periodontal treatment and intrusion.
Larger bone area was obtained after open flap debridement and intrusion in the
furcation region. Practical implications: Orthodontic intrusion can be associated

to surgical periodontal treatment to improve the prognosis of class III furcations.



Introduction

Furcation lesions have uncertain prognosis and frequently lead to tooth loss
(Carnevale et al. 1995; Karring & Cortellini 1999). Regenerative approaches
improve results for furcation treatment; however unpredictable periodontal
regeneration is still obtained for Class III furcation defects (Becker 1999; Rossa et
al. 2000; Fernandes et al. 2005).

Combined orthodontic and periodontal therapies has demonstrated to be a
viable alternative for advanced periodontal bone defects, increasing clinical
attachment gain and bone defect filling (Melsen et al. 1988; Melsen et al. 1989;
Corrente et al. 2003). In the absence of periodontal disease combined with an
adequate plaque control, reduced periodontium and periodontal defects are not a
limitation for orthodontic movement (Ericsson & Thilander 1978; Polson et al.
1984; Boyd et al. 1989; Re et al. 2000). Recently, the use of periodontal
regenerative techniques before orthodontic treatment are proposed to improve
prognosis of tooth movement, facilitating the control of subgingival inflammation
and stress distribution (Hossain et al. 1996; Nemcovsky et al. 1996; Stelzel &
Flores-de-Jacoby 1998; Aguirre-Zorzano et al. 1999; Aratjo et al. 2001; Re et al.
2002). On the other hand, orthodontic movement performed before regenerative
treatment facilitate to reduce periodontal defects and increase of clinical
attachment levels, because of teeth repositioning in alveolar bone (Stelzel &
Flores-de-Jacoby 1998; Cirelli et al. 2003) and increased cellular activity (Roberts
& Chase 1981; Melsen 2001). After orthodontic treatment, regenerative treatment
can still be performed in reduced periodontal defects improving prognosis (Stelzel
& Flores-de-Jacoby 1998).

Teeth movement toward alveolar bone defects demonstrates to be a
stimulating factor for bone apposition, indicating a beneficial effect of orthodontic
movement on regenerative therapy (Vardimon et al. 2001; Nemcovsky et al.
2004). Knippenberg et al. (2007) demonstrated the diferentiation of mesenchymal
stem cells into bone cells after mechanical loading in vitro. The combination of
body movement after GTR and bovine-derived xenograft in treatment of class II

furcation lesions in dogs has shown a tendency to larger new formed bone area



compared to no-moved teeth (da Silva et al. 2006). Thus, orthodontic movement
performed after regenerative treatment could stimulate periodontal and bone
healing, improving the prognosis of periodontal lesions.

Favorable results have also been demonstrated with orthodontic intrusion.
New connective tissue attachment and bone defect filling were observed during
intrusion of periodontally involved teeth in absence of gingival inflammation
(Melsen et al. 1988; Melsen et al. 1989; Cardaropoli et al. 2001; Corrente et al.
2003; Re et al. 2004). Nevertheless, intrusion is considered a critical movement as
it requires fixed orthodontic appliances in several teeth to anchorage reinforcement
(Alessandri Bonetti & Giunta 1996). The results are unpredictable and may lead to
root resorption and extrusion and inclination of the anchorage teeth (Alessandri
Bonetti & Giunta 1996). Besides, patients previously affected by periodontal
diseases have reduced periodontium that also difficult conventional orthodontics.
Recently, to avoid undesirable effects, anchorage using mini-implants has been
used to obtain pure intrusion of molars (Ohmae et al. 2001; Chang et al. 2004; Yao
et al. 2004).

So far, it is unknown whether an association of regenerative periodontal
treatment with intrusion can improve healing of class III furcation lesions. The
aim of this study was to assess the effects of orthodontic intrusion, obtained with
mini-implants, in periodontal tissues of teeth with class III furcation lesions
previously treated with open flap debridement associated or not to autogenous

bone and guided tissue regeneration with absorbable membrane in dogs.



Materials and Methods

This study was approved by the Ethics Committee on Animal Experimentation of
the School of Dentistry of Araraquara - UNESP. A total of 28 third and fourth
lower pre-molars of seven mongrel dogs (weighing between 15 and 20kg) were
used. For all clinical procedures, dogs were pre anesthetized using levopremazin
chloritate (Neozine®, Aventis Pharma Ltd., SP, Brazil), administered
intramuscularly 0.2 ml/kg of body weight and further anaesthetized intravenously
with 0.5 ml/kg of body weight of sodium thiobarbiturate 25 mg/ml (sodium
Tiopental®, Abbott Laboratories, SP, Brazil) and kept on intravenous hydration
with a 0.9% physiological solution during surgery. Immediately after each
surgery, dogs were given 10 ml of an hepatic protector (Frutoplex LN, Marjan e
Comércio, Sao Paulo, Brazil) intravenously and 2 ml of dipirone intramuscularly.

Teeth were randomly divided into four groups as follow:

Open flap debridement (OFD): teeth with class III furcation defect treated
with open flap debridement.

Open flap debridement plus intrusion (OFD+I): teeth with class III
furcation defect treated with open flap debridement followed by intrusion
movement.

Guided tissue regeneration and bone autograft (GTR/BA): teeth with class
II furcation defect treated with open flap debridement associated with guided
tissue regeneration and bone autograft.

Guided tissue regeneration and bone autograft plus intrusion (GTR/BA+I):
teeth with class III furcation defect treated with open flap debridement associated
with guided tissue regeneration and bone autograft followed by intrusion
movement.

Seven pre-molars were assigned per group in such a way that each animal
had one tooth in each group. Randomization was therefore performed, for each
dog, by drawing two identified cards: one regarding the group and another
regarding the tooth.

Clinical measurements were performed by a calibrated examiner at the

designated time-points: before creation and cronification of furcation lesions (C),



immediately before the periodontal regenerative treatment (R), at the beginning
(BI-before intrusion) and the end of orthodontic movement (Al-after intrusion) as
well as at the end of contention (F-final). The following clinical data were
obtained from the lower third and fourth pre-molars: presence of visible plaque
(P), presence of marginal gingival bleeding (GB), probing depth (PD), bleeding
on probing (BP), marginal gingival level (MGL) and clinical attachment level
(CAL). Horizontal classification of furcation lesions (Hamp et al. 1975) was
measured using a Nabers probe (HF, Hu-Friedy, Chicago, IL, USA) at R and F
periods.

Creation and cronification of class III furcation lesions

Scaling and tooth prophylaxis using rubber cup and prophylactic toothpaste were
initially performed in the entire mouth. After a week, a class III furcation lesion, 4
mm high, was created in the third and fourth lower pre-molars. The cavities were
filled with gutta-percha to prevent spontaneous regeneration of the lesions (Cirelli
et al. 1997) and allow lesion cronification (Wikesjo et al. 1991). Flaps were
sutured in a coronal position. Sutures were removed after one week. During a 60-
day-cronification period, dogs were fed with water-softened feed in order to
accumulate plaque and to promote radicular contamination and development of

chronic inflammation.
Periodontal treatment

After furcation cronification, gutta-percha was removed and teeth were scaled and
root planed. The crowns of the third and fourth lower pre-molars were prepared
using a high-speed bur to achieve parallel proximal surfaces. Impressions were
taken with a silicone-based material (Xantopren® & Optosil®, Heraeus Kulzer
South America, Sdo Paulo, SP, Brazil). Silver metallic crowns were made with

orthodontic hooks at the buccal and lingual surfaces.

After 15 days, a mucoperiosteal flap was raised and the roots scaled with
hand instruments (Fig. la). The dimensions of the furcation lesions were
measured and found to be, in average, 4.05 £ 0.95 mm high, 4.46 + 0.94 mm deep
and found to be, in average, 4.05 + 0.95 mm high, 4.46 + 0.94 mm deep and 2.96



+ 0.72 mm width, with no statistical differences among them (p = 0.451, 1 way-
ANOVA). Reference notches using low-speed bur n° 2 (KG Sorensen, Sao Paulo,
SP, Brazil) were made on the mesial and distal roots at the bone crest level in the

furcation region to orientate the histologic and histometric analyses.

Regenerative treatment of furcation lesions using bone autograft and absorbable
membrane of copolymer of glycolide and lactide (Resolut ® Adapt W.L. Gore &
Associates Inc., Flagstaff, AZ, USA) was performed at the buccal and lingual side
(Fig. 1b, c). The bone autograft was obtained by scraping the buccal apical surface
of the lower first molar. Membranes were sutured with a 4-0 poliglactin 910
absorbable suture (Vyecril, Ethicon S.A., SP, Brazil). The flap was repositioned
coronarilly with a suspending and inter-proximally interrupted 4-0 silk suture
(Ethicon, Atraloc, Johnson & Johnson S.A., SP, Brazil) in order to cover the whole
membrane and improve the region stability. Sutures were removed after 10 days.
Benzyl penicillin and streptomycin (Pentabiético, Fort Dodge®, Campinas, SP,
Brazil) were administered IM (0.1 ml/kg of body weight) immediately after surgery
and 5 days later.

Daily plaque control was performed by applying a 0.2% chlorhexidine gel
with a soft brush until the end of the study. During and after this period, the dogs
continued to be fed with water-softened feed to minimize mechanical trauma.

Installation of mini-implants and orthodontic movement.

After 30 days, tooth prophylaxis was performed and the metallic crowns were
cemented with an adhesive material (Panavia 21X Dental Adhesive, Kuraray CO.
LTDA, Osaka 530, Japan). For orthodontic anchorage, 7 mm length and 1.3 mm
diameter titanium mini-implants (Neodent® Implante Osteointegravel, Curitiba,
PR, Brazil) were installed 3 mm apically to a line joining the root apexes, at the
middle distance between the roots of each treated pre-molar (verified by periapical
radiographs) in both buccal and lingual cortical plates. A mucoperiosteal flap was
opened 2 mm above muco-gingival junction, to avoid contact with the furcation
region, and the alveolar bone was denuded. The cortical bone was drilled with a

1.1 mm round bur (Neodent®) under saline irrigation. The mini-implants were



installed in apical direction with 45° angulation to the bone surface, using a
miniature screwdriver up to 10 N, verified with a torque-meter (Neodent®). This
angulation was applied to avoid contact between mini-implants and root surfaces.
Then, two nickel-titanium springs (GAC International, Inc., NY, USA), 7 mm
long, providing a light and continuous tension of 25g, were installed connecting
the mini-implants to the hook on the metallic crown of each tooth, followed by
periapical radiograph (Fig. 2). The final intrusive force in the test teeth was 50g.
Inactive identical appliances were placed on control pre-molars, to provide
identical conditions for bacterial plaque accumulation and hygiene as in the test
groups. The mini-implant was covered with the sutured flap. Sutures were
removed after seven days and tooth prophylaxis was performed every 20 days.

After 90 days, teeth stabilization was carried out for one month. Contention
was prepared using a stainless steel wire 0.25 mm (MORELLI, Sorocaba, SP,
Brazil) passing through the hole of the mini-implant’s head and over the hook of
the metallic crown without causing any force to the tooth. A new periapical
radiograph exam was taken.

After contention period, the appliances were removed and the dogs were
sacrificed with an overdose of Thiopental. The third and fourth lower pre-molars
were removed in block.

Histologic and histometric analyses

The biopsies were fixed in 10% formalin for 48h and decalcified in Morse solution
during four months for routine histological processing and paraffin embedding.
The mini-implants were removed carefully before paraffin embedding.

Histological semi-serial sections, 5 um thick, were cut in the sagital plane
through the entire bucco-lingual extension of the tooth (Jung Supercut 2065 Leica,
Chicago, IL, USA). Five sections were selected for each tooth: the two most
external sections showing the reference notches on both root surfaces (buccal and
lingual sections) and three other sections which were equally spaced between the
external sections, representing the central and internal portions of the defects.

Haematoxylin and eosin (HE) and Masson trichrome staining were used.



Histometric analysis was performed with image analysis software (Sigma
Scan Pro, Jandel Scientific, San Rafael, CA, USA) to obtain the following
measurements (Fig. 3):

Cementum formation (Ce): linear radicular extension of the defect,
between the notches on the mesial (M) and distal (D) roots of pre-molars, covered
with new cementum.

Connective tissue (CT): linear radicular extension of the defect in direct
contact with connective tissue.

Epithelial migration (Ep): linear radicular extension of the lesion covered
with epithelial tissue.

Linear periodontal regeneration (LPR): linear radicular extension of the
lesion with new cementum, bone and periodontal ligament regeneration.

Bone filling area (Bo): lesion area filled with newly formed bone, apically
defined by a straight line joining the two radicular notches.

Soft tissue area (ST): lesion area filled with epithelium, connective tissue
and periodontal ligament.

Bone autograft filling area (BA): lesion area filled with bone autograft.

Histometric linear and volumetric data were presented in % of total root
linear extension and lesion area. Percentages were used intending to minimize
interference of tooth size in the results.

Statistical analysis of the clinical and histometric data

Analysis of variance followed by Tukey’s post hoc test was used to measure PD,
MGL and CAL. Friedman test was applied to analyze P1, GB and BP followed by
non parametrical multiples comparisons test. T test compared the amount of
intrusion between intrusion groups and Wilcoxon test compared horizontal
classification of the furcation lesion between R and F periods. Statistical analysis
of the effect of the treatments on the histometric linear measurements, in
millimeters, and upon the area measurements, in square millimeters were made
using Friedman test followed by non parametrical multiples comparisons test. The

level of 5% was considered a decision rule for a significance difference.



Results

Clinical analysis

The average amount of tooth intrusion observed was 4.4 + 1.9 mm in the OFD+I
group and 4.7 + 2.5 mm in the GTR/BA+I group, with no significant difference
between groups (p>0.05). Also, there were not significant differences among
groups for Pl, GB and BP, demonstrating that similar plaque control was obtained
in all groups (data not shown).

The furcation lesions were re-evaluated and clinically re-classified in the
end of contention period (Table 1). Class III furcations were still present in four
teeth in the OFD group and in three teeth in the GTR/BA. Both intrusion groups
did not present any class III furcation lesion. Instead, the initial lesions were
closed or reduced to class II or I furcations (p < 0.05).

PD significantly increased in the intrusion groups in the end of intrusion
and contention periods, compared to previous time-points and to non-intrusion
groups at the same time-points (Fig. 4a; p <0.01).

Intrusion groups presented significant variation of MGL which was
coronally positioned at the end of intrusion and end of contention when compared
to previous time-points and to non intrusion groups (Fig. 4b; p < 0.01).

CAL statistically reduced in the OFD+I group at the beginning of intrusion
and stabilized after this time-point (Fig. 4c, p<0.05). Although in OFD+I group
lower CAL values after intrusion and contention period were observed, these
values were not significantly different from OFD group. GTR/BA+I group tended
to present lower CAL after intrusion and contention time-points. This tendency
was also observed when GTR/BA+I group was compared to GTR/BA group at the
end of contention (Fig. 4c, p=0.07).

Histologic and histometric analysis

The majority of the samples presented an epithelial migration at the roof of the
furcation region, frequently on the external cuts. A light lymphoplasmocytary
inflammatory infiltration with sub-epithelial exacerbations was frequently

observed. Teeth presented new cementum formation in the furcation region from



radicular notches up to the epithelial tissue. There was apposition of new cellular
cementum filling radicular resorptions in the furcation and in the lateral radicular
surfaces of teeth tending to surface smoothing. A fibrous connective tissue with
collagenous fibers in a regular disposition and a primary trabecular newly formed
bone were filling the furcation defects (Figs. 5 to 8). There was no evidence of any
significant difference among groups on the linear extension of cementum
formation, epithelial migration and periodontal regeneration (Fig. 9).

A significant effect of the orthodontic treatment on the furcation defect
filling was observed in the OFD+I group, which presented smaller soft tissues area
and larger bone area in the furcation region compared to OFD and GTR/BA
groups (Fig. 6, 10, p<0.05).

A complete regeneration of the furcation lesion with newly formed
cementum, periodontal ligament and bone tissues was observed in one dog of the
OFD group, two dogs of the GTR/BA group, and one dog of the GTR/BA+I
group. Bone autograft evolved by newly formed bone or connective tissue was
observed in both GTR/BA (Fig. 7b) and GTR/BA+I groups.

There were areas of active resorption with osteoclasts in the Howship
lacunas at the apical and furcation region in one dog of the OFD+I (Fig. 6b) and
three dogs of the GTR/BA+I. Mini-implants were evolved by bone tissue in all
groups as shown in OFD group (5b).



Discussion

This study evaluated the effects of intrusion orthodontic movement on periodontal
tissues healing in teeth with class III furcation lesions previously treated with OFD
or regenerative techniques (GTR/BA) in dogs.

To obtain the intrusion movement, mini-implants were inserted apically in
both buccal and lingual bone plates of each tooth in the same level to prevent tooth
inclination and lead to pure intrusion (Yao et al. 2005). Both intrusion groups
obtained more than 4 mm of total apical movement without significant differences
between them. These values were also observed by other authors using mini-
implants (Ohmae et al. 2001) and were higher than in studies using anchorage
provided by teeth (Diedrich et al. 1992; Ng et al. 2005; Ng et al. 2006). The
primary stability obtained was sufficient to apply orthodontic force in the same
day of mini-implant installation without failures during intrusion period (Favero et
al. 2002; Miyawaki et al. 2003; Kyung et al. 2003; Liou et al. 2004). Histological,
loading and unloading mini-implants were involved by bone as observed
previously (Ohmae et al. 2001; Salina et al. 2006).

Orthodontic force was initiated at the early healing phase (30 days after
surgery) (Matsuura et al. 1995; Aratjo et al. 1997) to increase the mitotic activity
of periodontal cells (Roberts & Chase 1981; Bumann et al. 1997; Melsen 2001), as
used in previous study (Diedrich et al. 1992; Diedrich et al. 2003). Besides cells
activation in the periodontal ligament, mechanical loading in bone tissues results
in flow of interstitial fluid in the canalicular non-mineralized matrix resulting in
bone apposition (Klein-Nulend et al. 1995a; Klein-Nulend et al. 1995b). Currently,
adult mesenchymal stem cells with multilineage potential (Pittenger et al. 1999)
and bone marrow stromal cells have been investigated for their usage in generating
bone tissue after in vitro loading (Thomas & el Haj 1996; Meinel et al. 2004).

Clinically, a significant reduction of furcation lesion was observed in both
intrusion groups (p<0.05). At the final of contention, class III furcations were
present only in non intrusion groups (Table 1). Although results of periodontal
treatment of class III furcation lesions tended to be inconsistent and unpredictable

(Palioto et al. 2003; Fernandes et al. 2005; Roriz et al. 2006), the interaction of



periodontal and orthodontic treatments leaded to significant clinical closure of
class III furcation lesions in this study. The intrusion groups presented an
increased probing depth and decreased marginal gingival level as observed in
other studies (Bondevik 1980; Murakami et al. 1989). No sample from any group
presented clinical attachment loss. OFD+I and GTR/BA+I groups presented a gain
in clinical attachment level of 34.73% and 31.18%, respectively, at the end of
contention (Fig. 4c). These results are in line with other studies (Amiri-Jezeh et al.
2004) and demonstrate that periodontal attachment was maintained or improved
during intrusion. It is hypothesized that the increased mitotic activity induced by
the orthodontic stimulus results in an improved prognosis for a new attachment
(Roberts & Jee 1974; Melsen et al. 1988; Melsen & Agerbaek 1991).

The dimensions of furcation lesions measured after the cronification period
were 4.05 £ 0.95 mm high without any significant difference among groups. An
incomplete regeneration of class III furcation lesion was observed in more than
50% of the non intrusion groups, which as demonstrated by other studies
(Anderegg et al. 1991; Park et al. 1995; Mehlbauer et al. 2000; Rossa et al. 2000;
Rupprecht et al. 2001; Palioto et al. 2003; Fernandes et al. 2005). Class III
furcation lesions are critical defects especially when the vertical opening is larger
than 3 mm (Pontoriero et al. 1989). In such defects, osteogenic cells are supplied
only from the bottom of the furcation region which may explain the incomplete
regeneration observed (Polson et al. 1984; Mehlbauer et al. 2000).

In intrusion groups, at the end of tooth movement the whole furcation
defect was moved apically to bone crest level. It would be expected a complete
newly formed bone at all furcation regions after intrusion, but it was not observed
in all cases. In the OFD+I group, higher bone filling area and lower soft tissue area
were present when compared to non-intrusion groups (p<0.05), but these results
were not observed in the GTR/BA+I group. In addition, OFD+I group
demonstrated a tendency to a higher linear periodontal regeneration (53.45%), i.e.,
presence of new cementum, periodontal ligament and bone. However, GTR/BA
treatment was expected to favour the migration of periodontal and bone cells into

the furcation region, once GTR promotes exclusion of epithelial and gingival cells



from the periodontal defects, favouring periodontal regeneration (Nyman et al.
1982). Besides, GTR plus bone autograft can improve the prognostic of the
periodontal regeneration in furcation lesions (Reynolds et al. 2003). Also, bone
autograft is considered to be the gold standard material for any regeneration
procedure because of its osteogenetic, osteoinductive and osteoconductive
properties (Simion & Fontana 2004). An explanation for obtained results in the
GTR/BA+I group is that the application of orthodontic movement 30 days after
the regenerative treatment may raised the inflammatory process expected due to
membrane and bone autograft absorption, accelerating this process and interfering
with tissue regeneration in the GTR/BA+I group. An increasing in macrophages
and leukocytes migration (Gianelly 1969; Krishnan & Davidovitch 2006) and
osteoclasts activation (Noxon et al. 2001) is usually observed during orthodontic
movement. Diedrich et al. (2003) also observed an unfavorable interaction of
periodontal regeneration, orthodontic remodeling and membrane degradation in
the treatment of three-wall bony defects in dogs.

Intrusion is a critical orthodontic movement regarding external root
resorption since pressure is highly concentrated at the conical apex and furcation
region (Parker & Harris 1998; Jeon et al. 1999; Han et al. 2005; Harris et al.
2006). However, several reports indicate that 50 g, which was used in our study, is
an adequate load to promote pre-molar intrusion avoiding severe root resorption
(Dellinger 1967; Cooke & Bedi 1985; Diedrich et al. 1992; Southard et al. 1995;
Faltin et al. 2001). In this study, new apposition of cellular cementum was
regularizing areas of radicular resorption when present. However, some areas with
active root resorption were observed in both intrusion groups either at the apex or
furcation region which might be due to failure of dentin-protecting cementoblastic
layer formation on the radicular area as observed in other study (Katzhendler &
Steigman 1999).

Within the limits of this study, it was possible to conclude that mechanical
loading applied in an early healing phase after surgical periodontal treatment on
teeth with class III furcation defect promoted a clinical elimination or reduction of

the class III defects and improved bone filling in the defect area. Intrusion after



one month of the regenerative periodontal treatment with membrane and bone
autograft did not improve bone formation in the defect area, suggesting that the
interaction between orthodontic movement and biomaterial degradation must be

analysed in future research.
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Table 1: Horizontal furcation classification in lower third and fourth pre-molars in

dogs, according to groups and time-points.

Groups CIII-R CIIII-F CIVII-F 0-F
OFD 7 4 0 3
OFD+I 7 0* 4 3
GTR/BA 7 3 2 2
GTR/BA+I 7 0* 6 1

Data are expressed as the number of teeth with the presence of class I/IL, III or
absence (0) of furcation lesion at regeneration (R) and end of contention (F) time-
point. * Significant effect of intrusion in the reduction of class III furcation

lesions, between R and F time-points, p < 0.05 (n=7).
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Fig. 9 Histometric analysis of root linear measurements in the furcation region
between the notches. (a) Ce - cementum formation; (b) Ep - epithelial migration
and (¢) LPR - linear periodontal regeneration. There were not significant
differences inter groups. Values are expressed as mean percentage + SEM (n=7).
OFD, open flap debridement; OFD+I, open flap debridement plus intrusion;
GTR/BA, guided tissue regeneration and bone autograft; GTR/BA+I, guided
tissue regeneration and bone autograft plus intrusion.
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Fig. 10 Histometric analysis of area measurements in the furcation region between
the notches. (a,b) OFD group presented smaller area of soft tissue and bigger area
of bone tissue (p < 0.05). Values are expressed as mean percentage £+ SEM (n=7).
OFD, open flap debridement; OFD+I, open flap debridement plus intrusion;
GTR/BA, guided tissue regeneration and bone autograft; GTR/BA+I, guided
tissue regeneration and bone autograft plus intrusion; Bo = bone tissue area; ST =
soft tissue area. * p<0.05 - significant difference from OFD and GTR/BA; #
p<0.05 - significant difference from OFD.



4 CAPITULO 2

Este capitulo é constituido por uma introdugdo especifica ao assunto

“Eventos envolvidos na resposta celular a carga mecanica.” e pelo seguinte artigo:

da Silva VC, Bakker AD, Blaauboer ME, Bacabac RG, Semeins CM,
Marcantonio RAC, Cirelli JA, Klein-Nulend J. TNFo and IL-1 inhibit fluid shear
stress-induced nitric oxide production by osteocytes and osteoblasts. Submetido

para publicagdo no periddico Journal of Bone and Mineral Research.

No Anexo 3 estd incluida a descricdo detalhada da secdo Material e

M¢étodos.



Eventos envolvidos na resposta celular a carga mecanica

Durante o movimento dentario, as células e a matriz extracelular do
ligamento periodontal e do osso alveolar respondem concomitantemente
resultando em remodelacdo tecidual’®. Durante as fases iniciais do movimento
dentério, ha um fluxo continuo de fluidos no ligamento periodontal e tecido §sseo
levando a distor¢@o de células e matriz’®. Em conseqiiéncia, citocinas, fatores de
crescimento e outras substancias sdo produzidas e liberadas para iniciar € manter a
remodelacdo ssea resultando no movimento dentério’®.

A formacgdo 6ssea é resultado de eventos que envolvem diferenciacdo de
precursores de osteoblastos das células mesenquimais, maturagc@o de osteoblastos e
formagdo de matriz, seguida pela sua mineraliza¢do®. Apés a deposicdo de matriz
Ossea, osteoblastos gradualmente se achatam para tornarem-se células de
revestimento Gsseo enquanto outros ficam embebidos na matriz neoformada®'.
Osteoblastos envolvidos por matriz calcificada permanecendo em lacunas ésseas
sdo conhecidos como ostedcitos. Cerca de 95% do esqueleto adulto € composto
por osteécitos e células de revestimento sseo'™. Ostedeitos mantém contato entre
si e com as células da superficie 6ssea via juncdes “gap” localizadas nos longos
processos celulares dentro de canaliculos na matriz éssea que permitem a
passagem e trocas de {ons e pequenas moléculas entre células

comunicantes*!+12812%:148

Recentes observacdes em microscopia eletronica
revelam uma matriz fibrosa ndo calcificada ao redor dos ostedcitos preenchida por
liquido intersticial > '**'>°. Embora j4 estabelecido que o fluido intersticial atua no
metabolismo (troca de nutrientes e liberacdo de subprodutos) e adaptacdo dssea,
sua ultra-estrutura e constituicdo ndo sao totalmente conhecidas.

Células 6sseas reconhecem a aplicagdo da carga mecanica gerando uma
remodelacdo  Ossea coordenada. Estudos recentes mostram que a
mecanosensibilidade Gssea é tarefa primdria dos ostedcitos'”. Enquanto células
musculares podem ser estiradas mais que 50% devido a funcao fisiolégica, células
20120122

Osseas ndo se deformam mais que 0.2 a 0.4% do tamanho origina

Contudo, para obter resposta de células dsseas in vitro sdo necessarias



4
°3.94 Portanto,

deformagdes celulares na ordem de 1-3% o que nio ocorre in vivo
diferentemente do tecido muscular, deformagdes nas células 6sseas nao sdo as
responsaveis pela mecanoativacdo celular. O que ocorre é que a carga mecanica
resulta em movimento do fluido na rede lacuno-canalicular do tecido 6sseo79’109,
gerando um atrito na superficie celular que ativa mecanicamente os ostedcitos
10.2930199 "Eotudos in vivo observaram que moléculas injetadas intravascularmente
estavam presentes no sistema lacuno-canalicular ésseo apds a aplicacdo da carga
mecdnica devido ao movimento do fluido intersticial na matriz dssea
mineralizada’®. Virios estudos em animais e usando cultura de células suportam
esse conceito observando maior formagdo 6ssea e/ou producdo de substincias
sinalizadoras de formacgdo Gssea apds a aplicacdo de carga mecanica € movimento

S . . 12772,73,104,110,137,138,151
do fluido intersticial

. Juntos eles sugerem que os ostedcitos e a
porosidade lacuno-canalicular sdo o sitio da mecanotransdugdo no tecido ésseo.
Mecanotrandugdo € o processo pelo qual a energia mecanica gerada pelo
movimento do fluido intersticial é convertida em sinais quimicos e/ou elétricos
pelas células 6sseas'’. Esse processo tem sido estudado por meio da técnica de
fluxo de fluido pulsétil (PFF), que simula o movimento do fluido intersticial sobre
as células 6sseas'”"”.

As pesquisas usando PFF foram inicialmente aplicadas para estudo de
células endoteliais dos vasos sangiifneos*’. Células endoteliais sdo reconhecidas
como células mecanosensoriais e respondem a variacdes de fluxo sangiiineo com a
liberacdo de o6xido nitrico e prostaglandinas para manter o tdnus muscular
constante e controlar a pressdo arterial’®. O movimento do fluido intersticial na
rede lacuno-canalicular ativa os ostedcitos e também assegura o transporte de
nutrientes, moléculas sinalizadoras e produtos do metabolismo. Assim, a técnica
do PFF passou a ser utilizada para andlise da resposta de células 6sseas a carga
mecanica’> ",

Os ostedcitos sdo as células mecanosensiveis do tecido dsseo capazes de
responder ao estresse mecanico por meio da liberagdo prolongada de moléculas
sinalizadoras quando comparados a osteoblastos e fibroblastos periosteais embora

estas células também respondam a carga mecanica’>">'*. Assim, os ostedcitos



sinalizam para o recrutamento de osteoclastos e osteoblastos controlando a
remodelacdo dssea.

Recentes estudos propdem um papel para o 6xido nitrico (NO) como uma
molécula sinalizadora de mecanotransdug¢do durante o estigio inicial do

3,33,57,130,154

movimento ortoddntico . NO € produzido pela enzima 6xido nitrico

sintetase (NOS) a partir de oxigénio molecular e nitrogénio-guanidino terminal do

S L. 144
aminodcido L-arginina .

Ele reage rapidamente com oxigénio formando
metabdlitos como nitrito (NO,) e a producido de 6xido nitrico pode ser acessada
indiretamente medindo o aciimulo desses metabdlitos usando reacdo de Griess'*.
O NO formado em presenca de carga mecanica é produzido pela enzima NOS

144

constitutiva endotelial (ecNOS) Esta € uma enzima unida a membrana

plasmatica que originalmente foi detectada apenas no endotélio, mas

71,157 P
O.7LIST 31ém de

posteriormente foi também encontrada em ostedcitos e osteoblastos’
nervos e fibroblastos do ligamento periodontal’®. ecNOS é constitutivamente
expressada em baixos niveis nos tecidos de origem e sua atividade &
principalmente regulada por mudangas na concentragdo de célcio intracelular'*.
Essa enzima produz apenas NO relacionado ao atrito gerado pelo movimento do
fluido, como ocorre nas células endoteliais em funcao do fluxo sangiifneou’m.
Durante as primeiras 6 horas apés o movimento dental com aplicagdo de
forcas leves e continuas, a atividade da enzima NOS aumenta nos tecidos
periodontais'>* pois células dsseas e fibroblastos respondem 2 carga mecénica com

72,73
O

a producdo de N . Estudos em animais t€ém mostrado que NO ¢é essencial a

: ~ 5 £eeanl39 p gy o
inducdo de formacdo dssea ™. NO € capaz de inibir apoptose de ostedcitos e

38,99,108,120
osteoblastos

e atividade osteocldstica® favorecendo a formacgdo dssea.
Além disso, NO € um forte inibidor de reabsor¢do dssea que atua suprimindo a
expressdo de receptor ativador do fator nuclear-kB ligante (RANK-L) e
aumentando a expressdo de osteoprotegerina (OPG) nas células dsseas, reduzindo
assim a formagdo e atividade de osteoclastos™. Assim, NO atua na remodelagdo
6ssea modulando atividade de osteoblasto e osteoclasto.

Durante o movimento ortodontico, a carga mecanica aplicada nos tecidos

periodontais gera uma compressdo no ligamento periodontal no lado de pressdo e



estiramento de fibras periodontais no lado de tensdo’>. No lado de tensdo, o

estiramento das fibras periodontais gera uma ligeira curvatura da parede alveolar

43,78,89

que assume uma forma concava Isso causa uma pequena

deformacdo/pressdao no tecido 6sseo e movimento do fluido intersticial na rede
lacuno-canalicular levando a producio de moléculas sinalizadoras principalmente
pelos ostedcitos, mas também por osteoblastos, fibroblastos e células de
revestimento Gsseo’”’. Essas moléculas, principalmente NO, causam inibi¢do de
reabsor¢o ssea estimulando a formagio 6ssea*®'?’.

No lado de pressao do ligamento periodontal, ocorre um afrouxamento das

43,78

fibras periodontais e o tecido dsseo assume uma superficie convexa ~'". Desse

modo, existe a hipdtese que o movimento do fluido intersticial da rede canalicular
dos ostedcitos seria reduzido'”®. A baixa producdo de NO leva a apoptose de
ostedcitos, que atrai osteoclastos e, conseqiientemente, aumenta a reabsorcio
Gssea’”.

Além disso, nos trés primeiros dias apds a ativacdo da carga ortoddntica,
ocorre vasodilacdo e migragdo de leucdcitos que produzem citocinas pro-

13,34,56,84,141
3

inflamatérias como TNFa e IL-1 . Estas interagem com as células

locais estimulando a expressiao de genes associados a reabsor¢ao 6ssea”**. TNFa
e IL-18 sdo produzidos por intimeras células incluindo macréfagos, linfécitos T,
fibroblastos, células endoteliais, osteoblastos, ostedcitos, osteoclastos,
cementoblastos e cementoclastos™®'*. TNFa e IL-18 estdo presentes em maior

quantidade no lado de pressdo do ligamento periodontal quando comparado ao

13,49,56,84,141

lado de tensdo . No entanto, a seqiiéncia de eventos que ocorre apds a

aplicacdo de for¢a ortodontica envolve o movimento de fluidos do lado de pressdo

78,84

do LP para o lado de tensdo e com isso citocinas também estdo presentes no

lado de tensio do LP'**. IL-1p afeta o metabolismo Gsseo estimulando a

53,58

reabsor¢do §ssea e inibindo a formagio éssea'’”. TNFo e IL-1B8 aumentam o

- z z 2 e 62 . . .
nimero de células pré-osteocldsticas’~ e agem sinergicamente estimulando a

12,22,39,77,80

reabsor¢do Ossea Porém, ainda ndo estd elucidado se durante a

aplicacdo da carga mecanica, a presenca de TNFo e/ou IL-18 afeta a



mecanotransdugdo, que € um importante processo no controle da remodelacao

Ossea.
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MICROABSTRACT

We show that TNFoa and IL-18 inhibit the upregulation of NO production after
mechanical stimulation, an essential chemical signal in bone remodeling. This
inhibition was associated with a prevention of fluid shear stress-induced [Ca*");
upregulation. These data support the concept that cytokines affect the balance
between bone resorption and formation in vivo by changing the

mechanoresponsiveness of bone cells.



ABSTRACT

Introduction: Osteocytes translate loading-induced canalicular fluid flow into
signals, such as nitric oxide (NO), that alter osteoclast and osteoblast recruitment
and activity. In the presence of elevated cytokine levels the balance between bone
resorption and formation is often disturbed. Hence we investigated whether TNFa
and/or IL-1p affect the NO response of bone cells to mechanical loading.
Methods: MLO-Y4 osteocytes and MC3T3-E1 osteoblasts were incubated with
TNFa (0.5-30 ng/ml), IL-1B (0.1-10 ng/ml) or calcium inhibitors TMB-8, GdCls,
or EGTA for 30 min, followed by 30 min of pulsating fluid flow (PFF; 0.610.3 Pa,
5 Hz) with or without cytokines or calcium inhibitors. Apoptosis was quantified
using the Caspase-Glo 3/7 assay. NO production was measured using Griess
reagent. [Ca2+]i was monitored using Fluo-4 AM.

Results: Neither TNFo nor IL-18 affected apoptosis in MLO-Y4 and MC3T3-El
cells. PFF stimulated NO production within 5 min (MLO-Y4, 4.4-fold; MC3T3-
E1, 2.3-fold), up to 30 min. Within seconds PFF also stimulated [Ca]i2+ (MLO-Y4,
4.7-fold; MC3T3-El, 5.8-fold). Both TNFa and IL-1 decreased PFF-induced NO
production at all time points, with maximal inhibition by 30 ng/ml TNFa at 30
min (MLO-Y4, 50%; MC3T3-El, 69%), and by 1 ng/ml IL-16 at 15 min (MLO-
Y4, 56%; MC3T3-El, 70%). Both TNFa and IL-1f abolished the PFF-induced
rise in [Ca®*];in both cell types. In MLO-Y4 cells, PFF-induced NO production at
5 min was inhibited by TMB-8 (57%), GdCls (70%), and EGTA (67%). In
MC3T3-E1 cells, this effect was inhibited by TMB-8 (63%) and GdCls (42%), but
not EGTA.

Conclusions: TNFa and IL-1f inhibit fluid shear stress-induced NO production
by MLO-Y4 and MC3T3-El1 cells, likely via prevention of the rapid rise in [Ca”"];
associated with the onset of PFF. This suggests that the presence of TNFo and IL-
1B affect the balance between bone resorption and formation in vivo by changing

the mechanoresponsiveness of bone cells.

Key Words: mechanical loading; bone cells; cytokines; nitric oxide; calcium.



INTRODUCTION

Bone mass and structure are strongly affected by mechanical loading. Increased
mechanical loading results in a gain of bone mass and mineral density in vivo"™,
while unloading of bones is known to reduce bone formation, mineral content, and

bone matrix protein production®®.

Using a computer model it has been
demonstrated that the emergence and maintenance of trabecular architecture as an
optimal mechanical structure is governed by the response of mechanosensitive

O

bone cells to external loads'”. Osteocytes are currently considered as the

mechanosensory cells of bone, driving the process of bone mechanical
adaptation(g’g).

Osteocytes are the most prevalent bone cells, and are uniquely positioned
within the bone matrix, their cell bodies being located in lacunae, and their long
interconnected cell processes being positioned in the canaliculi?. It is currently
believed that loading on bone generates a flow of interstitial fluid through the
lacuno-canalicular network®. This flow is sensed by the osteocytes which respond
among others with a rapid increase in intracellular calcium concentration". This
response is followed by the release of signalling factors such as nitric oxide (NO)
and prostaglandin E, (PGE;), which may alter osteoblast and osteoclast

activity@’lz'm).

Thus osteocytes orchestrate the balance between local bone
resorption and bone formation, thereby driving the mechanical adaptation of bone
under physiological conditions.

(1510 Several

NO is essential for load-induced bone formation in vivo
studies have shown that NO production is rapidly increased in response to
mechanical stress in bone cells, including isolated osteocytes(&”'zo). The
mechanism of action of NO in bone mechanotransduction is not fully elucidated,
but NO production has been used as a marker for studying the mechanosensitivity

of osteocytes®

. NO is produced when L-arginine is converted to L-citrulline in the
presence of NO synthase (NOS) enzymem), molecular oxygen, NADPH, and
other cofactors®®. In bone, the constitutive endothelial NOS (eNOS) is known to
produce NO as a result of fluid shear stress'?. The activity of eNOS depends on

substrate availability and binding to calmodulin, which is calcium dependent™.



During inflammatory diseases like periodontitis and arthritis, as well as
during orthodontic tooth movement, the balance between bone formation and
resorption is often disturbed, resulting in a localized bone loss®*?®. It is likely that
cytokines such as tumor necrosis factor a (TNFa) and interleukin-15 (IL-1p),

(27,28)

which are readily present during inflammation as well as during orthodontic

tooth movement®*>?, are involved in this process. TNFa and IL-1p are known to

(34-38)

affect bone metabolism, by direct stimulation of bone resorption and

inhibition of bone formation®®. TNFa and IL-1B increase the number of pre-

(40) (34,35,41,42)

osteoclastic cells™”, and act synergistically to stimulate bone resorption
Cytokines stimulate PGE, production by osteoblasts, which activate osteoclast
activity(43). However, it is still unknown whether TNFa and/or IL-1 can serve as
negative regulators of bone metabolism by affecting the response of bone cells to
mechanical loading. The aim of this study was therefore to assess whether TNFa
or IL-1f affect the bone cell response to fluid shear stress, using NO production as
parameter for the bone cell response. Representative mechanosensitive cells of the
osteogenic lineage were used, i.e. MLO-Y4 osteocyte-like cells and MC3T3-El
osteoblast-like cells. We hypothesized that cytokines inhibit the fluid shear stress-

induced production of NO, possibly via inhibition of [Ca™]; transients.



MATERIALS AND METHODS

Bone cell culture

MC3T3-El osteoblasts*? were cultured up to near-confluency in 75-cm’ flasks
(Nunc, Roskilde, Denmark), using a-Modified Eagle’s Medium (a-MEM; Gibco,
Paisley, UK) supplemented with 10% fetal bovine serum (FBS; Gibco), ascorbate
(50 pg/ml; Merck, Darmstadt, Germany), l-glutamine (300 pg/ml; Merck),
penicillin (300 pg/ml; Sigma-Aldrich, St. Louis, MO, USA), streptomycin (250
pg/ml; Sigma), fungizone (1.25 pg/ml; Gibco), at 37°C with 5% CO, in air. Cells
between passages 10-20 were harvested using 0.25% trypsin (Difco Laboratories,
Detroit, MI, USA) and 0.1% EDTA (Sigma) in PBS and seeded at 3 x 10°
cells/em® on polylysine-coated (50 pg/ml; poly-L-lysine hydrobromide; Sigma)
glass slides (25 cm?®) in a-MEM with 10% FBS and supplements. They were
incubated overnight at 37°C with 5% CO; in air to promote cell attachment prior
to fluid shear stress experimental treatment as described below.

MLO-Y4 osteocytes (kindly provided by Dr Bonewald, San Antonio, TX,
USA)™® were also cultured up to near-confluency in 75-cm” culture flasks using
o-MEM supplemented with 5% FBS, 5% calf serum (CS; Gibco), gentamicin (50
pg/ml), fungizone (1.25 pg/ml), penicillin (60 pg/ml), and streptomycin (50
pg/ml), at 37°C and 5% CO; in air. Cells between passages 30-35 were harvested
and seeded at 3 x 10° cells/cm? on polylysine-coated glass slides in a-MEM with

5% FBS and 5% calf serum and supplements as described for MC3T3-E1 cells.

Pulsatile fluid flow (PFF)

Pulsating fluid shear stress, at 5 Hz pulse frequency, was generated by pumping 13
ml of culture medium in a pulsatile manner through a parallel-plate flow chamber
containing the bone cells, as described previously®. Mean fluid shear stress was
0.6 Pa with pulse amplitude of 0.3 Pa, and the estimated peak stress rate was 8.4

. . (17,4647
Pa/sec as described earlier'!’4047

. Control cultures were kept under static
conditions in a petridish, under similar conditions as the experimental cultures, i.e.

at 37°C with 5% CO; in air. TNFa (Sigma) at 0.5, 10, or 30 ng/ml, IL-18 (Sigma)



at 0.1, 1, or 10 ng/ml, or calcium inhibitors (described below) were added 30 min
before the start of the PFF or static treatment, and were also present during the
entire treatment period. After 5, 15 and 30 min of treatment with or without PFF,

medium was collected and assayed for NO concentrations.

Calcium inhibitors

To verify whether NO production is dependent of calcium, calcium inhibitors were
used under static and PFF conditions in MLO-Y4 and MC3T3-E1 cells. To inhibit
intracellular calcium mobilization from the endoplasmic reticulum 8-
(diethylamino)octyl-3,4,5-trimethoxybenzoate-HCl (TMB-8, Biomol Research
Laboratories Inc, Plymouth Meeting, PA, USA) was used at a concentration of 20
uM™® . Gadolinium chloride (GdCls, Sigma) was used at 10 pM to inhibit
mechanosensitive calcium channels, and ethylene glycol-bis (2-aminoethylether)-
N,N,N’,N’-tetraacetic acid (EGTA, Sigma) as an extracellular calcium scavenger

at a concentration of 2 mM“,

Nitric oxide

The conditioned medium was assayed for NO, which was measured as nitrite
(NOy) accumulation in the conditioned medium, using Griess reagent (1%
sulphanilamide, 0.1% naphthylethelene-diamine-dihydrochloride and 2.5 M
H3;PO,4). The absorbance was measured at 540 nm. NO concentrations were
determined using a standard curve derived from known concentrations of NaNO,
in non-conditioned culture medium. Data from separate experiments were
collected and normalized with respect to static controls, and expressed as

treatment-over-control (PFF/Stat) ratios, or as absolute values where indicated.

Caspase-3/7 activity and DNA content

After 30 min of static and PFF conditions with or without TNFo or IL-18, cell-
lysis-based reagent of the Caspase-Glo 3/7 Assay (Promega, Madison, WI, USA )
was added to the cells for the assessment of caspase-3/7 activity with a

luminometer (Berthold Technologies, Bad Wildbad, Germany), according to the



manufacturer’s instructions. DNA in the cell lysate was determined by a
CyQUANT Cell Proliferation Assay (Molecular Probes Inc., Eugene, OR, USA).

Apoptosis was expressed in relative light units per ng DNA.

Intracellular calcium levels

To determine whether PFF in the presence or absence of TNFa or IL-1p cause
alterations in intracellular calcium levels, MLO-Y4 and MC3T3-E1 cells were
analyzed using confocal microscopy (Leica TCS-SP2, Mannheim, Germany).
MC3T3-E1 cells between passages 10-20 and MLO-Y4 cells between passages
30-35 were seeded at 1 x 10* cells/cm” on polylysine-coated (50 pg/ml) glass
slides (5 sz) in o-MEM with antibiotics and 10% FBS (MC3T3-E1 cells) or 5%
FBS and 5% calf serum (MLO-Y4 cells). Cells were incubated overnight at 37°C
with 5% CO, in air to promote cell attachment prior to fluid shear stress
experimental treatment as described below.

One hour before static and PFF treatment, cells were incubated with 10 pM
Fluo-4 acetoxymethyl (AM) (Invitrogen, Eugene, OR, USA) in a-MEM at 37°C
for 30 min. Cells were gently washed with sterile Dulbecco's phosphate-buffered
saline (Gibco). To study the interaction of mechanical loading and cytokines,
TNFa (10 ng/ml) or IL-18 (1 ng/ml) were added to a-MEM without supplements
30 min before static and PFF treatment. TNFa (10 ng/ml) or IL-18 (1 ng/ml) was
also present during PFF treatment as described below.

Pulsating fluid shear stress, at 5 Hz pulse frequency, was generated by
pumping 13 ml of CO,-independent medium without L-glutamine (Gibco) in a
pulsatile manner through a small parallel-plate flow chamber (20 x 18 x 0.30 mm)
containing the bone cells. The apparatus was placed directly onto the confocal
microscope (Leica TCS-SP2) with the flowing culture medium. The glass slide,
containing the monolayer of cells, served as the bottom of the flow chamber.
Mean fluid shear stress was 0.6 Pa with pulse amplitude of 0.3 Pa, and the
estimated peak stress rate 8.4 Pa/sec as described earlier®'”*®. PFF was
monitored throughout the experiment using a small animal blood flow sensor

(T206, Transonic Systems, Ithaca, NY, USA).



Intracellular calcium was monitored as fluorescence intensity in single
Fluo4-AM (Invitrogen) loaded cells, using a 63 x 1.2 water correction objective.
The excitation wavelength used was 520 nm, and emission spectra peaked at 488
nm.

Fluorescence images were recorded from cell cultures at each glass slide at
one frame each 15s during 7 min. The fluorescence intensity was quantified using
Leica Confocal Software (Leica Microsystems, Wetzlar, Germany). The
background fluorescence intensity was subtracted from the fluorescence intensity
in each bone cell. Data were obtained from 4 independent experiments. Per

experiment 15-30 cells were analysed per treatment group.

Statistics
Wilcoxon and Friedman tests were used to compare groups in relation to NO
production and caspase-3/7 activity. Differences were considered significant at a p

value < 0.05.



RESULTS
Treatment of the cells with PFF in the presence or absence of TNFa, IL-18 or
calcium inhibitors did neither affect the total amount of DNA in MLO-Y4 cell
cultures nor in MC3T3-E1 cell cultures (Table 1). PFF did not result in visible
changes in cell shape or alignment of MLO-Y4 cells or MC3T3-El cells in the
direction of the flow (data not shown).

Treatment with TNFa or IL-18, either in the presence or absence of PFF,

did not cause apoptosis in MLO-Y4 or MC3T3-El cells (Table 2).

Effect of TNFa or IL-18 on PFF-upregulated NO production
To determine the effect of cytokines on PFF-induced NO production in MLO-Y4
and MC3T3-El cells, TNFa (0.5, 10 and 30 ng/ml) or IL-16 (0.1, 1 and 10 ng/ml)
was added 30 minutes before, and during 30 min of treatment with or without PFF.
Neither TNFa nor IL-18 affected NO production under static culture conditions in
MLO-Y4 cells (Fig. 1A, 2A) or MC3T3-E1 cells (Fig 1C, 2C). PFF rapidly
(within 5 min) increased NO production (MLO-Y4, 3.8 to 4.9-fold; MC3T3-El,
2.3-fold) compared to static cultures, and this stimulatory effect continued up to 30
min (Fig. 1B, D and 2B, D).

TNFa at 0.5-30 ng/ml prevented the upregulation of NO production by
PFF in MLO-Y4 cells (Fig. 1B) and in MC3T3-E1 cells (Fig. 1D). TNFa at 30
ng/ml maximally inhibited the effect of PFF on NO production in MLO-Y4
osteocytes (without TNFa: PFF-treated-over-static control ratio (PFF/Stat), 6.3;
with TNFo: PFF/Stat, 2.5, at 30 min, Fig. 1B). In MC3T3-E1 cells, 30 ng/ml
TNFa caused maximal inhibition of PFF-upregulated NO production (w/o TNFa:
PFF/Stat, 7.5; with TNFa, 2.2, at 30 min, Fig. 1D).

IL-18 prevented the PFF-upregulated NO production in MLO-Y4 cells at
0.1-10 ng/ml (Fig. 2B), and in MC3T3-El cells at 1-10 ng/ml, but not at 0.1 ng/ml
(Fig. 2D). IL-18 at 1 ng/ml maximally inhibited the effect of PFF on NO
production in MLO-Y4 osteocytes (without IL-18: PFF/Stat, 8.6; with IL-18:
PFF/Stat, 2.5, at 15 min, Fig. 2B). In MC3T3-E1 cells, 1 ng/ml IL-18 appeared to



maximally inhibit PFF-upregulated NO production (w/o IL-1B: PFF/Stat, 5.5; with
IL-18, 1.0, at 15 min, Fig. 2D).

Effect of calcium inhibitors on PFF-upregulated NO production

Treatment of MLO-Y4 cells with TMB-8, GdCl;, or EGTA significantly inhibited
the PFF-upregulated NO production after 5 min (Fig. 3A). Maximal inhibition of
the effect of PFF on NO production was observed in the presence of GdCl3 (70%

decrease) or EGTA (67% decrease) (p < 0.05), while TMB-8 resulted in a 57%
decrease (p < 0.05). No significant effect of calcium inhibitors on PFF-upregulated
NO production was observed in MC3T3-El1 cells, although TMB-8 and GdCls, but
not EGTA showed a trend towards inhibition of the PFF-upregulated NO
production after 5 min (TMB-8, 63% decrease; GdCl13, 42% decrease; Fig. 3B).

Effect of TNFa or IL-18 on PFF-stimulated [Ca®*];

PFF immediately (within seconds) increased intracellular calcium levels in MLO-
Y4 cells (range 125-367% increase) and in MC3T3-El cells (range 293-480%
increase) (Fig. 4A, B). During 5 minutes of PFF, the calcium levels did not return
to basal levels, but remained elevated up to 1 minute after termination of PFF (Fig.
4A, B). In the presence of TNFa at 10 ng/ml, PFF caused a sharp decline in
baseline [Ca2+]i in MLO-Y4 cells (87-95% decrease) and in MC3T3-E1 cells (98-
100% decrease) (Fig. 4C, D). [Ca**}; returned to baseline values within
approximately 30 sec after onset of PFF in MLO-Y4 cells (Fig. 4C), and within 60
sec in MC3T3-El1 cells (Fig. 4D). In the presence of IL-18 at 1 ng/ml, also caused
a sharp decline in baseline [Ca™]; in MLO-Y4 cells (47-51% decrease) and in
MC3T3-E1l cells (84-94% decrease) (Fig. 4E, F). [Ca2+]i returned to baseline
values within seconds after cessation of PFF in MLO-Y4 cells (Fig. 4E), while in
MC3T3-E1 cells the return to baseline values occurred within approximately 15

sec after the onset of PFF (4F).



DISCUSSION

In the present study we investigated whether TNFo and/or IL-18 affect the NO
response of bone cells to mechanical loading. The data shows that both TNFo and
IL-18 inhibit the upregulation of NO production after mechanical stimulation. This
inhibition was associated with a prevention of fluid shear stress-induced [Ca2+]1
upregulation.

Localized bone loss resulting from a disturbed balance between bone
resorption and formation often occurs during inflammatory diseases such as
periodontitis and arthritis, as well as during orthodontic tooth movement?*29.,
Proinflammatory cytokines such as TNFa and IL-18 play a role in this bone loss,

and are produced during inflammation*"*®

as well as during orthodontic tooth
movement® . TNFo and IL-18 directly stimulate bone resorption(34'38) and
inhibit bone formation®”. However, it is still unknown whether TNFao and/or IL-
18 can serve as negative regulators of bone metabolism by affecting the response
of bone cells to mechanical loading. The aim of this study was therefore to assess
whether TNFa and IL-18 affect the bone cell response to fluid shear stress, using
NO production as a parameter for the bone cell response, since NO is an essential
chemical signal in bone remodelling. MLO-Y4 osteocyte-like cells and MC3T3-
E1 osteoblast-like cells were used as representative mechanosensitive cells of the
osteogenic lineage. It is known that osteocytes respond stronger to fluid shear
stress than less differentiated cells of the osteogenic lineage, such as osteoblasts
and periosteal fibroblasts, but osteoblasts also release signalling factors in
response to fluid flow'*””. We have tested TNFa and IL-1B at concentrations as
observed in vivo during orthodontic tooth movement®? for their effect on the
mechanoresponse of bone cells.

Both TNFa and IL-1B promote apoptosis of bone cells®"*?. Tan et al.®”
demonstrated that 16 h of treatment with TNFa induced apoptosis in osteocytes
and osteoblasts, while Tsuboi et al.®? observed an effect of TNFa and IL-1 B on
bone cell apoptosis after 48 h of incubation. In the present study, cytokines did not
affect apoptosis in MLO-Y4 and MC3T3-El cells, since the bone cells were only

incubated with IL-18 or TNFa for a limited time period of 60 minutes. Therefore it



is unlikely that the reduction in PFF-upregulated NO production by cytokine-
treated bone cells was due to bone cell apoptosis.

We have quantified the response of osteocytes and osteoblasts to PFF in
terms of NO production, since NO has been shown to be essential for the adaptive
response of bone to mechanical loading">'®. NO is a very reactive, short-lived
radical, which is formed during the conversion of L-arginine by the enzyme nitric
oxide synthase (NOS)(54). Of the different isoforms of NOS, endothelial
constitutive NOS (eNOS) is the isoform likely responsible for the fluid flow-

induced NO upregulation in osteocytes''”

. eNOS is constitutively expressed and
its activity seems to be partially regulated by binding of both calmodulin and
substrate, although eNOS requires binding of calcium/calmodulin to achieve
maximum NO synthase activity and NO production'*”. Therefore the upregulation
of NO production in response to PFF might be dependent on increased [Ca®'];
resulting from PFF treatment. We observed that PFF rapidly increased both [Ca*'];
and NO production in MLOY4 and MC3T3-El cells. In addition inhibition of
[Ca™]; resulted in a decrease in PFF-induced NO production by both cell types,
suggesting that PFF initiates Ca”*-dependent NO production. Ca**-dependent NO
production, resulting from mechanical loading, has also been observed in
cardiomyocytes and arterial endothelial cells®>?. Fluid flow-induced NO
production by osteoblasts could be inhibited by the intracellular Ca chelator Quin
2/AM®®. In addition, Ca**-dependent NO production occurs in whole bones
loaded, where inhibition of calcium channels by GdCl; resulted in an inhibition of
the loading-induced NO production(sg) .

PFF induced a rapid (within seconds) increase in [Ca2+]i in MLO-Y4 and
MC3T3-E1 cells. During the 5 minutes of PFF treatment, calcium levels did not
return to basal levels, but remained elevated up to at least 1 minute after
termination of PFF. This Ca**-response to PFF was comparable in magnitude and
duration between multiple MLO-Y4 and MC3T3-E1 cells, suggesting that this
calcium dynamics is characteristic for the response of bone cells to PFF. The rise
in [Ca2+]i as observed in MC3T3-E1 cells that are subjected to oscillatory flow (2

Pa, 1Hz) or steady shear flow (2 Pa) seems to be more transient in nature Y j.e.



[Ca®*; returns to baseline levels within approximately 1 minute after initiation of
fluid flow. Interestingly, when gap junction transfer was blocked in MC3T3-El
cells, a sustained high [Ca®*]; was observed in response to a steady laminar fluid
flow, resembling the response of MC3T3-El cells to PFF®Y.

We found that both TNFo and IL-18 decreased PFF-induced NO
production at all time points, with maximal inhibition by TNFa at 30 ng/ml and by
IL-18 at 1-10 ng/ml. It has been shown that IL-18 also reduces NO production by

dynamically compressed chondrocytes®”

, underscoring that IL-18 affects loading-
induced NO production by cells from the mesenchymal lineage. Considering that
PFF initiates Ca’*-dependent NO production, we inferred that cytokines such as
TNFo and/or IL-16 affect PFF-upregulated NO production because they affect
fluxes in [Ca**]; in bone cells. Using fluorescence analysis we observed that TNFao
as well as IL-18 decrease the rise in [Ca2+]i normally associated with the onset of
PFF in MLO-Y4 and MC3T3-E1 cells. These results are in accordance with other

©3 and in

studies showing that TNFa decreases [Ca®*]; in adult cardiac myocytes
mechanically stimulated rat brain endothelial cells®”. Thus, TNFo and IL-18
might reduce PFF-stimulated NO production at least in part by decreasing [Ca**];.

In summary, the results of this study show that TNFa and IL-18 decrease
the mechanoresponsiveness of osteocytes and osteoblasts in terms of changes in
intracellular calcium levels and NO production. This provides a new mechanism
by in which cytokines might interfere in bone remodeling during inflammatory

diseases or during orthodontic tooth movement.
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Table 1: DNA content of MLO-Y4 osteocytes and MC3T3-E1 osteoblasts
cultured in the presence or absence of TNFa or IL-18 after 30 min with or

without PFF treatment.

DNA, pg

MLO-Y4 cells MC3T3-E1 cells

Stat PFF Stat PFF

TNFo Ong/ml 1.1+£02 12+£02 1.7+£0.1 1.6+0.1
0.5ng/ml 1.7+05 1.7+£06 16+01 1.7+0.1
10ng/ml 1.6+x04 18+07 1902 15£0.2
30ng/ml 20+03 1802 1901 21+04

IL-18 Ong/ml 27+08 20+04 19+03 1905
0.1 ng/ml 34+£08 2702 18+0.1 21+03
Ing/ml 32+x1.0 2702 16+03 2.1+£03
10ng/ml 2.1+03 24+£0.6 22+03 2.1+02

Data are expressed as the mean + SEM. Stat: static; PFF: pulsating fluid flow. No

significant differences were found.



Table 2: Apoptosis in MLO-Y4 osteocytes and MC3T3-E1 osteoblasts in the

presence or absence of TNFa or IL-18 after 30 min with or without PFF treatment.

Caspase-3/7, au/ng DNA

MLO-Y4 cells MC3T3-El1 cells

Stat PFF Stat PFF

TNFo Ong/ml 89+33 88+£25 54+03 69038
0.5ng/ml 48+0.7 46+14 4809 5705
10ng/ml 34+05 64+04 7.1+x07 8.1%13
30ng/ml 98+46 123+45 63+08 65+09

IL-16 Ong/ml 86%+35 90+£29 86602 793+1.0
0.1 ng/ml 5.1+21 50%+19 105+£23 8905

Ing/ml 37+14 60+23 103+19 63+05,
10ng/ml 7.7+£32 103+£42 63+£07 7.2+07

Apoptosis is expressed as caspase-3/7 activity. Data are expressed as the mean +
SEM. au: arbitrary units; Stat: static; PFF: pulsating fluid flow. a: Significant
effect of PFF, p < 0.05.



Fig. 1 Effect of TNFa on NO production by MLO-Y4 osteocytes and MC3T3-El
osteoblasts. (A) Cumulative NO production during 30 min of static culture
conditions in the absence or presence of TNFa at 0.5, 10 or 30 ng/ml in MLO-Y4
cells. TNFa did not change NO production under static culture conditions. (B) NO
response by MLO-Y4 cells, expressed as PFF-treated-over-control values
(PFF/Stat) in the absence or presence of TNFa at 0.5, 10 or 30 ng/ml. PFF
stimulated NO production by MLO-Y4 cells (p<0.05). TNFa dose-dependently
inhibited the NO response to PFF. (C) Cumulative NO production during 30 min
of static culture conditions in the absence or presence of TNFa at 0.5, 10 or 30
ng/ml in MC3T3-E1 cells. TNFa did not change NO production in static culture
conditions. (D) NO response by MC3T3-E1 cells, expressed as PFF-treated-over-
control values (PFF/Stat) in the absence or presence of TNFa at 0.5, 10 or 30
ng/ml. PFF stimulated NO production by MC3T3-E1 cells (p<0.05). TNFa dose-
dependently inhibited the NO response to PFF. Values are mean = SEM of 7
independent experiments. Stat, stationary control culture; PFF, pulsating fluid
flow; NO, nitric oxide. Dashed line, PFF treatment-over-control values = 1 (no

effect). a: Significant effect of PFF, p<0.05. b: Significant effect of TNFa, p<0.05.



Fig. 2 Effect of IL-16 on NO production by MLO-Y4 osteocytes and MC3T3-E1
osteoblasts. (A) Cumulative NO production during 30 min of static culture
conditions in the absence or presence of IL-18 at 0.1, 1 or 10 ng/ml in MLO-Y4
cells. II-18 did not change NO production under static conditions. (B) NO
response by MLO-Y4 cells, expressed as PFF-treated-over-control values
(PFF/Stat) in the absence or presence of IL-1f at 0.1, 1 or 10 ng/ml. PFF
stimulated the NO response (p<0.05) by MLO-Y4 cells (p<0.05). IL-1p inhibited
the NO response to PFF. (C) Cumulative NO production during 30 min of static
culture conditions in the absence or presence of IL-18 at 0.1, 1 or 10 ng/ml in
MC3T3-E1 cells. II-18 did not change NO production under static conditions. (D)
NO response by MC3T3-El, expressed as PFF-treated-over-control values
(PFF/Stat) in the absence or presence of IL-1f at 0.1, 1 or 10 ng/ml. PFF
stimulated NO production by MC3T3-E1 cells (p<0.05). IL-1p at 1 and 10ng/ml
inhibited the NO response to PFF. Values are mean + SEM of 7 independent
experiments. Stat, stationary control culture; PFF, pulsating fluid flow; NO, nitric
oxide. Dashed line, PFF treatment-over-control values = 1 (no effect). a:

Significant effect of PFF, p<0.05. b: Significant effect of IL-1, p<0.05.



Fig. 3 Effect of inhibition of intracellular calcium signals on PFF-induced NO
production in MLO-Y4 osteocytes and MC3T3-El osteoblasts. (A) TMB-8
decreased the PFF-induced NO production by MLO-Y4 cells at 5 minutes (n = 8,
p < 0.05), as well as GdCl; and EGTA (n =7, p < 0.0l and n =7, p < 0.01
respectively). (B) None of the calcium inhibitors had a significant effect on PFF-
induced NO production by MC3T3-E1 cells (p > 0,05; TMB-8 n=4, GdCl; n=3
and EGTA n=2). Values are mean + SEM. Stat, stationary control culture; PFF,
pulsating fluid flow. a: Significant effect of calcium inhibitor, p<0.05. aa:

Significant effect of calcium inhibitor, p<0.01.



Fig. 4 Effect of 5 minutes of PFF on [Ca2+]i in MLO-Y4 osteocytes and MC3T3-
E1 osteoblasts loaded with Fluo4-AM chromophore. (A) Fluorescence intensity
increased immediately after the start of PFF in MLO-Y4 cells, indicating a rise in
[Ca2+]i. (B) PFF increased fluorescence intensity in MC3T3-El cells. (C)
Fluorescence intensity in MLO-Y4 cells under Stat and PFF conditions in the
presence of TNFa at 10 ng/ml showed a decrease of calcium levels during 30s of
the PFF returning to baseline values under stat conditions in MLO-Y4 cells. (D)
PFF caused an initial drop in fluorescence intensity in MC3T3-E1 cells in the

presence of TNFa at 10 ng/ml. (E) PFF caused a decrease in fluorescence intensity



in MLO-Y4 cells in the presence of IL-1p at Ing/ml. This indicates a decrease in
[Ca™]; during PFF. After cessation of PFF, the calcium levels returned to baseline
values. (F) PFF caused an initial drop in fluorescence intensity in MC3T3-E1 cells
in the presence of IL-1B at 1 ng/ml returning to baseline values under stat
conditions. Values represent the average fluorescence intensity in the cell body of
2 cells after correction for background fluorescence. Values shown are
representative for 20-30 cells that were measured in 4 independent experiments.
Black arrow: start of PFF treatment; White arrow: end of PFF treatment. Stat,

stationary control culture; PFF, pulsating fluid flow; a.u., arbitrary units.



5 CONSIDERACOES GERAIS

O primeiro estudo dessa tese teve como propésito avaliar em caes, a
resposta tecidual apds intrusao de lesdao de furca grau III previamente tratada com
retalho para raspagem (OFD) associado ou ndo a membrana (GTR) e enxerto
6sseo autdgeno (BA).

Regeneragdo periodontal ainda representa um desafio na Periodontia
principalmente em lesdes extensas, como os defeitos de furca grau II*''>!4 O
objetivo do uso de técnicas regenerativas nesse estudo foi favorecer a regeneracio
periodontal; no entanto, ndo foram observadas diferencas significativas nas
variaveis histométricas avaliadas entre os grupos OFD e GTR/BA sem movimento
ortodontico.

Com o objetivo de favorecer a regeneragdo periodontal, o movimento
ortoddontico em 4reas com defeitos periodontais tem sido largamente estudado
enfocando a reacdo de biomateriais e a reparacdo de defeitos ésseos quando

1,7,23,32,37,63,115,133 .
HEISIL0S Y Desta forma, movimento

submetidos a carga mecanica
ortododntico de intrusdo com forgas leves foi aplicado no presente estudo visando a
reducdo da altura vertical do defeito e a ativacdo de células locais indiferenciadas,
podendo conseqiientemente melhorar o prognéstico das lesdes de furca grau
[I195:96.145

O uso de forgcas de baixa magnitude durante o movimento de intrusao
diminue o risco de reabsor¢do radicular® e de danos pulpares uma vez que esses
somente foram observados quando forcas maiores que 60g foram usadas'>*. O
deslocamento apical dental durante a intrusdo com aplicacdo de forcas leves e
adequado controle de placa nio promove a migracdo apical do epitélio, pois
quando a forca € direcionada préxima ao centro de resisténcia dental (para evitar
movimento de inclina¢do) ocorre baixo estresse no ligamento periodontal cervical
e estiramento das fibras coldgenas que estimulam as células do ligamento
periodontal préximo 2 crista Gssea alveolar™. Assim, mesmo durante a intrusdo,
forcas de tensio do LP estdo sendo aplicadas, estimulando a regeneragcdo

periodontal. No presente estudo, miniimplantes foram utilizados como ancoragem



.. . ~ L. 27,54,69,142 .
com o objetivo de favorecer a intrusio dentdria pura’>**'** evitando o uso de

dentes para ancoragem, os quais poderiam sofrer extruso e/ou inclina¢io®.

A andlise dos efeitos do movimento intrusivo neste estudo ocorreu em duas
situagdes periodontais: apds o tratamento da doenga periodontal no grupo OFD+I
e apds o tratamento da doenca e do defeito periodontal no grupo GTR/BA+I. No
grupo OFD+I, o tratamento periodontal cirtirgico prévio a ortodontia teve por
objetivo apenas o controle da doenca, uma vez que dentes com doenga periodontal
ativa apresentam, quando movimentados, um aumento na atividade osteocléstica
que acelera a taxa de destruicdo periodontal**'*’. Portanto, nesse grupo, o objetivo
da intrus@o foi promover uma reducdo da altura vertical do defeito de furca. Esse
tratamento poderia favorecer o progndstico de um tratamento periodontal
regenerativo posterior se necessario, embora nao estudado no presente trabalho.

No grupo GTR/BA, a intervengdo periodontal visou o tratamento da
doenca e a correcdo do defeito 6sseo resultante da mesma. Em virtude do baixo
progndstico ao tratamento regenerativo das lesdes de furca grau TIP3 45
intrusdo ortodontica foi realizada apds 30 dias do tratamento periodontal
regenerativo com o objetivo de estimular as células locais indiferenciadas e
favorecer a regeneracio pelriodontal3 6. De acordo com Araujo et al.’, apos 30 dias
da GTR em cides, 89% do defeito se encontra preenchido por tecido conjuntivo,
7% por tecido de granulacfo (c€lulas inflamatérias e vasos sangiiineos associados)
e 4% por tecido 6sseo imaturo na base da furca. Em um estudo piloto usando dois
cdes com um total de 8 pré-molares inferiores com lesdo de furca grau III e
intrusdo apds 30 dias da GTR com membrana absorvivel, observou-se um ganho
de insercdo e regeneragdo periodontal em 4 dentes, sugerindo que a intrusao € um
movimento promissor na resolugdo de defeitos criticos como as lesdes de furca
grau III, se um adequado controle de placa for realizado”. Em nosso estudo, uma
significante reducdo clinica das lesdes de furca grau III para grau II/I ou auséncia
da lesdo foi observada para ambos os grupos, GTR/BA e OFD, quando a intrusio
foi realizada.

Pela andlise histométrica dos grupos com intrusdo, observou-se que OFD+I

apresentou maior drea de preenchimento 6sseo e menor drea de tecido conjuntivo



comparado ao grupo GTR/BA+I. Esta observacdo nos levou a questionar a
possibilidade de que o processo de degradacdo da membrana e/ou enxerto 4sseo
interagiria negativamente sobre o processo de reparo quando associado a forgas
ortodonticas. Durante a degrada¢do da membrana e enxerto dsseo, uma reacio
inflamatéria estd presente'’, podendo ter intensificado a presenca de citocinas pré-
inflamatdrias ja liberadas em funcdo do movimento ortoddntico no grupo
GTR/BA+I'""'" J4 foi evidenciado que células inflamatérias envolvidas no
processo de degradagdo da membrana sdo capazes de expressar citocinas

inflamatGrias!’->>68147,

Assim, a remodelacdo Ossea local poderia ter sido
prejudicada o que nos leva a sugerir que a presenca da membrana absorvivel e/ou
enxerto ¢sseo autdgeno interferiram negativamente nos resultados obtidos apés a
intrusao.

O objetivo do estudo in vivo foi avaliar as respostas teciduais e a formacao
6ssea apds a contengdo ortoddntica. Contudo, sabe-se que a alteracdo tecidual
proveniente da movimentacdo ortodontica é a resultante de eventos celulares
desencadeados por mediadores quimicos sobre as células dos tecidos periodontais.
Em nivel celular, quando uma for¢a ortodontica é aplicada, ocorre um aumento na
liberacdo de NO que € responsdvel pela indugcdo da neoformacgdo Gssea’ > 2133,
Similarmente, citocinas liberadas pelas células do tecido conjuntivo e §sseo
participam do processo de remodelacdo Gssea por meio da indugdo a reabsorcio

12.22.535880 oy inibicdo de formagdo 6ssea'’. Virios estudos clinicos tém

dssea
evidenciado a presenca de elevados niveis de citocinas (IL-1B, TNFa e IL-6) no
fluido gengival crevicular em pacientes durante a fase inicial do movimento
ortoddntico mesmo quando toda inflamacgdo gengival € eliminada antes e durante a

56,84,141

ortodontia . Também, TNFa e IL-16 foram imunolocalizadas no ligamento

periodontal e tecido sseo apés movimento ortoddntico em ratos e gatos'>*.
Assim, nds hipotetizamos que a presenca ji elevada de TNFa e IL-18 em fungdo
da carga ortoddntica pode ter sido amplificada no grupo GTR/BA+I devido ao
processo de degradacdo da membrana e enxerto 6sseo associado, influenciando

negativamente a resposta tecidual in vivo. Desta forma, no estudo in vitro

(capitulo 2) buscou-se averiguar os efeitos de TNFa e/ou IL-1B na resposta de



células com caracteristica de ostedcitos e osteoblastos submetidas a carga
mecédnica com a pretensdo de auxiliar no entendimento dos resultados clinicos
obtidos pelo estudo in vivo.

O movimento ortoddntico resulta da adaptagdo do tecido 6sseo submetido a
carga mecanica. Durante esse processo ocorre o movimento do fluido intersticial
na rede lacuno-canalicular do tecido 6sseo que € sentido principalmente por

2. 18,19,135,136
osteocitos .

O PFF (pulsatile fluid flow) é um modelo largamente
utilizado para simular in vitro o movimento do liquido intersticial na rede lacuno-
canalicular do tecido ésseo’>”. O regime de PFF (pressdo + freqiiéncia) capaz de
simular o fluxo de fluido intersticial derivado de uma carga mecanica foi
determinado a partir de estudos preliminares in vivo onde magnitudes de pressiao
de até 3 Pa sdo capazes de causar deformacoes da matriz 6ssea da ordem de 0.1 a
0.3% (1000-3000pe)’"'*’. Deformacdes da matriz Gssea dessa ordem sdo
suficientes para causar a modelagdo do osso lamelar in vivo e in vitro*®6>677273,
Desta forma, o regime de 0.6 = 0.3 Pa e freqiiéncia de S5Hz utilizado no presente
estudo € suficiente para estimular as células dsseas e iniciar a remodelagdo do
tecido 6sseo in vivo em situagdes como andar, correr, pular, mastigar e pode
também ser aplicado na simulagdo de forcas ortoddnticas” 13313,

Os resultados do estudo in vitro demonstram que, em presenca de TNFa e
IL-1B, a producdo de NO foi significantemente reduzida por células com
caracteristicas de ostedcitos e osteoblastos. Desta forma, considerando-se que a
resposta celular a carga mecanica na auséncia de citocinas se caracteriza pelo
aumento na producio de NO'"727 ¢ possivel concluir que a mecanoresposta das
células dsseas foi afetada em presenca de TNFa e 1L-18.

Outra questdo levantada no estudo in vitro foi o entendimento do
mecanismo pelo qual TNFa e IL-18 agem diminuindo a producdo de NO em
presenca de carga mecanica. Na auséncia de TNFo e IL-1B, células dsseas
submetidas a carga mecanica promovem um aumento imediato dos niveis de
cdlcio intracelular’. O célcio intracelular possui um importante papel na producio
de NO induzido pela carga mecanica, pois a enzima 6xido nitrico sintetase é célcio

126

dependente ™. Assim, nds hipotetizamos que TNFa e/ou IL-18 poderiam diminuir



a produgdo de NO por interferir com os niveis de cdlcio intracelular nas células
Osseas submetidas ao PFF. J4 foi demonstrado que TNFa diminui os niveis de
cdlcio intracelular em midcitos cardiacos em adultos'®® e em células endoteliais

- - 14
cerebrais de rato que foram mecano-estimuladas'*’

. No presente estudo, os niveis
de célcio foram avaliados usando microscopia de fluorescéncia em células com
caracteristica de osteoblastos e ostedcitos em presenca de TNFoa, IL-18 e carga
mecénica. Observamos que os niveis de cdlcio aumentaram em presenca de carga
mecanica, mas diminuiram quando TNFa e IL-16 estavam presentes. Portanto, de
acordo com nossos resultados, TNFa e IL-18 interferem na regulagdo local do
célcio citoplasmético alterando a mecanotransdug@o nas células dsseas.

O uso da ortodontia como coadjuvante no tratamento de defeitos
periodontais poderia beneficiar os pacientes previamente afetados por doenga
periodontal. De acordo com nossos resultados, o movimento de intrusdo promove
a reducdo e/ou fechamento das lesdes de furca grau III em caes. A presenca da
membrana e enxerto Osseo autdgeno ainda em fase de degradacdo pode ter
potencializado a presenca de substincias inflamatérias liberadas durante a reagéo
ortododntica e com isso reduzido a formagao dssea nesse grupo. In vitro, citocinas
como TNFa e IL-18 inibem o efeito da carga mecanica em estimular a formacao
de substincias indutoras de formacdo dssea como o cdlcio e NO. Contudo vérios
fatores devem ser melhores estudados como o intervalo ideal para aplicagdo da
forca ortodontica apds o tratamento periodontal, interacdes com os diversos
mediadores biolégicos presentes durante 0 movimento ortoddntico, além do uso de
cargas dindmicas representada pela amplitude e freqiiéncia da carga mecénica nos
estudos in vitro que favorecem a resposta celular quando comparadas com cargas
constantes”'”. Estudos adicionais sdo necessdrios para melhor elucidar essas

questoes.



6 CONCLUSOES

De acordo com o que foi proposto e dentro dos limites desse estudo,
podemos concluir que:
1- clinicamente a intrusdo ortoddntica com mini-implantes promoveu uma reducao
ou eliminagdo de lesdes de furca grau III em pré-molares de cdes quando aplicada
em fase recente de cicatrizacdo apds tratamento periodontal.
2- a intrusdo ortoddntica resultou em significante preenchimento 6sseo e redugéo
dos tecidos moles na area do defeito de furca grau III quando associada ao grupo
raspagem com retalho (OFD); porém, a presenca de membrana absorvivel e
enxerto Osseo autégeno (GTR/BA) interferiram negativamente na regeneragdo
periodontal.
3- in vitro, TNFa e IL-1B diminuiram a resposta de ostedcitos e osteoblastos
durante a aplicag@o de carga mecanica por reduzir o nivel de cdlcio intracelular e a
produgdo de NO, sugerindo um novo mecanismo para explicar como as citocinas

interferem na remodelagcdo éssea em presenga de carga mecanica.
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Anexo 3

Descri¢do detalhada da metodologia do artigo: “TNFa and IL-1f inhibit

fluid shear stress-induced nitric oxide production by osteocytes and osteoblasts”.

1. Metodologia do fluxo de fluido pulsatil (PFF)

MC3T3-El osteoblastos’ foram cultivados até 80% de confluéncia em frascos de
75-cm> (Nunc, Roskilde, Dinamarca), usando meio de Eagle modificado (a-MEM;
Gibco, Paisley, Inglaterra) suplementado com 10% de soro fetal bovino (FBS;
Gibco), acido ascérbico (50 pg/ml; Merck, Darmstadt, Alemanha), 1-glutamina
(300 pg/ml; Merck), penicilina (300 pg/ml; Sigma-Aldrich, St. Louis, MO, EUA),
estreptomicina (250 pg/ml; Sigma), fungizona (1.25 pg/ml; Gibco), a 37°C com
atmosfera de 5% de CO,,

MC3T3-E1 osteoblastos entre as passagens 10-20 foram coletados usando
trypsina a 0.25% (Difco Laboratories, Detroit, MI, EUA) e EDTA a 0.1% (Sigma).
Células foram semeadas a 3 x 10° células/cm® sobre laminas de vidro (7.5 x 3.5
cm) previamente preparadas com polilisina (50 pg/ml; poly-L-lysine
hydrobromide; Sigma) usando a-MEM com 10% FBS e suplementos descritos
acima (Fig. Ala). As laminas de vidro foram preparadas com polilisina conforme
a seqliéncia: 30 min em 5 ml HCI + 495 ml dlcool (96%), 1 min em 500 ml de
dgua estéril, 15 min em 25 mg polilisina (Sigma) + 500 ml de dgua esterilizada e
finalmente por 4 seg em 500 ml de dlcool 70% e colocadas para secar em estufa a
37°C por 12h.

A lamina de vidro com as células foi acondicionada em placa de Petri
plastica esterilizada (Greiner Bio-One, Frickenhausen, Alemanha) em estufa a
37°C com 5% de CO,, Apds 45 min, as células estavam inicialmente aderidas na
lamina de vidro e foram adicionados 13 ml de meio de cultura (Fig. Alb, c). As
células foram incubadas durante 24h a 37°C com atmosfera de 5% de CO, para
promover insercio celular antes da aplicacdo do fluxo de fluido pulsatil como

descrito a seguir (Fig. Ald).



MLO-Y4 osteécitos (gentilmente fornecida por Dr. Bonewald, San
Antonio, TX, EUA)* foram também cultivadas até 80% confluéncia em frascos de
cultura de 75-cm” usando o-MEM suplementado com 5% FBS, 5% soro de
bezerro (CS; Gibco), gentamicina (50 pg/ml), fungizone (1.25 pg/ml), penicilina
(60 pg/ml), e estreptomicina (50 pg/ml), a 37°C e atmosfera de 5% de CO..
Células entre as passagens 30-35 foram coletadas e semeadas a 3 x 10° células/cm?
sobre laminas de vidro preparadas com polilisina usando o-MEM com 5% FBS e
5% CS e suplementos.

TNFa (0.5, 10 e 30 ng/ml), IL-16 (0.1, 1 e 10 ng/ml) ou inibidores de
calcio como 8-(NN-dietilamino) octil-3,4,5-trimetoxibenzoato HCI (TMB-8, 20
uM, Biomol Research Laboratories Inc, Plymouth Meeting, PA, USA), cloreto de
gadolinio (GdCl;, 10 pM, Sigma) ou etilenoglicol-bis (2-aminoetiléter)-
N,N,N’,N’-4cido tetraacético (EGTA, 2 mM, Sigma) foram adicionados 30 min
antes dos tratamentos estdtico e de fluxo de fluido pulsétil. As substancias acima
estavam também presentes durante o experimento descrito a seguir.

A lamina de vidro com as células foi posicionada na cAmara de fluxo (Fig.
A2-4). O movimento pulsatil do fluido é gerado bombeando o meio de cultura
através da camara de fluxo contendo a monocamada celular (Fig. AS5a). Todos os
componentes foram colocados em uma estufa a 37°C e um reservatério com dgua
destilada foi conectado a um sistema gasoso que manteve a atmosfera imida com
5% de CO, no ar (Fig. AS5b). A freqii€ncia (5 Hz) e a amplitude (0.3 Pa) do fluxo
do fluido pulsétil foram geradas com uma bomba circular giratéria de 24V
(Masterflex, Cole-Parmer Instrument Co., Vernon Hills, Illinois, USA) (Fig. A5a).
A velocidade do fluxo de 20 ml/min foi monitorada com um sensor (T206,
Transonic Systems, Ithaca, NY, EUA) (Fig. AS5a, b). A pressao média sobre a
célula gerada pelo atrito produzido pelo movimento do liquido foi de 0.6 £+ 0.3
Pa’. O cilculo dessa pressdo foi obtido com a férmula: r=6pQ/(bh2) onde p é a
viscosidade do liquido (0.0069 dina/cm®*seg), Q é a velocidade do fluxo
(20ml/min=0.333333cm’/seg), b é a largura da cimara onde o liquido se

movimenta sobre as células (2.4 cm) e h é a altura da cidmara onde o liquido se



movimenta sobre as células (0.03cm). O valor da pressio em dina/cm® foi

convertido para Pascal.

2. Analise de 6xido nitrico

O meio de cultura coletado durante o experimento foi usado para quantificacdo do
6xido nitrico (NO) nos grupos com fluxo de fluido pulsétil e estatico (Fig. ASc).
NO foi medido como nitrito acumulado (NO;') usando o reagente de Griess (1%
sulfanilamida, 0.1% naftiletileno-diamina-dihidrocloridro ¢ 2.5 M H3;PO,). A
absorbancia foi medida a 540 nm com software Microplate Manager® versdo 5.2
(Bio-Rad Laboratories, Hercules, CA, EUA). Concentracdes de NO foram
determinadas com uma curva padrdo derivada de concentragdes conhecidas de

NaNO: (nitrito de sédio) em um meio de cultura nao condicionado.

3. Avaliacio de apoptose celular

A morte celular programada ou apoptose é um processo fisioldgico pelos quais as
células que perderam suas fungdes ou apresentam defeitos sdo eliminadas do
organismo. Quando a apoptose € desencadeada, o resultado imediato € a ativagao
de enzimas proteases da familia caspase. As caspases 3 e 7 sdo executoras e
responsdveis pela clivagem de dezenas de proteinas vitais a0 metabolismo e a
estrutura da célula’. TNFa e IL-16 podem provocar apoptose de células ésseas'®.
Portanto, o teste de apoptose foi realizado com o ensaio luminescente Caspase-Glo
3/7 (Promega, Madison, WI, EUA) para avaliar se as citocinas utilizadas estariam
causando apoptose celular.

No final do experimento (ap6s 30 min) nos grupos estitico e de fluxo de
fluido pulsatil com ou sem TNFo ou IL-18, foi posicionado um retangulo de
borracha de 3 mm de espessura com abertura central de 1.5 x 5.5 cm preso com
grampos ao redor da ldmina de vidro (Fig. A6). Partes iguais de meio de cultura e
reagente Caspase-Glo 3/7 foi adicionado as células para avaliar a atividade das
enzimas caspase 3 e 7 (Fig. 6). O ensaio foi realizado de acordo com as instrugdes
do fabricante. Este ensaio contém o substrato pré-luminescente DEVD (seqiiéncia

de peptideos) unido a aminoluciferina. A lise celular ocorre apds a adi¢do do



reagente Caspase-Glo 3/7. Células em apoptose liberam caspase 3 e/ou 7 que
separam o substrato DEVD da aminoluciferina. A aminoluciferina livre ¢é
consumida pela enzima luciferase do kit gerando um sinal luminoso que ¢é
proporcional a atividade da caspase-3/7. Um periodo de 90 min foi esperado para a
realizacdo da leitura para que a maxima atividade da caspase fosse medida. Um
grupo controle negativo (blank) usando meio de cultura e o reagente Caspase-Glo
3/7 (sem células) foi realizado e o valor obtido foi subtraido do valor de cada
experimento para calibracdo. A leitora Wallac Victor 2 1420 Multilabel Counter
(Berthold Technologies, Bad Wildbad, Alemanha) e o software WorkOut version
1.5 (DAZDAQ Ltda, Turku, Finlandia) foram usados para a medida da

luminescéncia representando a atividade da caspase 3 e 7. Apoptose foi expressa

em unidade arbitraria de luz por ng de DNA.

4. Quantificacao do DNA total

O DNA celular foi determinado com o ensaio de proliferagcdo celular CYQUANT®
de acordo com instru¢des do fabricante (Molecular Probes Inc., Eugene, OR,
EUA). A fluorescéncia emitida é proporcional ao valor total de DNA. Foi
utilizada a leitora Wallac Victor 2 1420 Multilabel Counter contendo o filtro
fluoresceina. Os valores obtidos foram usados para expressar o valor de NO e

apoptose por ng de DNA.

5. Determinaciio de calcio intracelular

1 x 10* células/cm® foram semeadas em laminas de vidro (2 x 2.4 cm) da mesma
forma como descrito inicialmente na metodologia do fluxo pulsétil. Uma hora
antes do experimento, células foram incubadas com 10 pM Fluo-4 acetoximetil
(AM) (Invitrogen, Eugene, OR, USA) em a-MEM a 37°C, 5% de CO, por 30 min.
Células foram lavadas delicadamente com DPBS esterilizada (salina fosfato
tamponada de Dulbecco, Gibco). Para avaliar a interacdo da carga mecénica e
citocinas, TNFa (10 ng/ml) ou IL-18 (1 ng/ml) foram adicionados a a-MEM sem

suplementos 30 min antes dos tratamentos estdtico e de fluxo de fluido pulsatil.



TNFa (10 ng/ml) ou IL-18 (1 ng/ml) estavam também presentes durante o
experimento descrito a seguir.

A camara com as células usada para avaliar os niveis de cdlcio intracelular
teve as seguintes dimensdes: 20 x 18 x 0.30 mm (Fig. A7a). A cdmara contendo a
lamina de vidro com as células (Fig. A7b, c) foi colocada sobre o microscopio
confocal (Leica TCS-SP2, Mannheim, Alemanha) (Fig. A8). A freqiiéncia do
fluxo do fluido pulsatil (5 Hz) foi produzido bombeando de modo pulsétil 13 ml
de meio de cultura CO,-independente sem L-glutamina (Gibco). A velocidade do
fluxo foi monitorada com um sensor (T206, Transonic Systems, Ithaca, NY, EUA)
no valor de 2.8 ml/min. A pressao média sobre a célula gerada pelo atrito
produzido pelo movimento do liquido foi de 0.6 + 0.3 Pa’.

Célcio intracelular foi monitorado como intensidade de fluorescéncia em
cada célula corada com Fluo4-AM (Invitrogen), usando uma objetiva de correcio
com dgua 63 x 1.2. O comprimento de onda de excitacdo usado foi 520 nm, e o
espectro de emissdao 488 nm.

Imagens fluorescentes foram registradas em cada ldmina de vidro a cada 15
s durante 7 min. No primeiro minuto ndo houve fluxo de fluido pulsatil. Em
seguida e por 5 min o fluxo de fluido pulsatil foi acionado e no minuto final ele foi
desligado. A intensidade do sinal fluorescente foi quantificada usando Leica
Confocal Software (Leica Microsystems, Wetzlar, Alemanha). A intensidade de
fluorescéncia extracelular foi quantificada e subtraida do valor obtido em cada
célula Gssea para evitar interferéncias. Os dados foram obtidos de 4 experimentos
independentes por grupo (sem citocinas, com TNFa (10 ng/ml) e com IL-18 (1

ng/ml). Em cada experimento 15-30 células foram analisadas.
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~~ Canula plastica

Entrada do liquido Orificios dos
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fixagao da tampa

~ Saida do liquido

Botrac'ha para isolamento

- Cultura de células

i A, G, N, 0, D, (D, D

“Lamina de vidro

Figura A2: (a) Esquema da cidmara de fluxo de fluido pulsatil. Vista frontal e
superior. (b) Figura esquematica da lamina de vidro com células na superficie.

. Parafusos ..

Lamina de vidro com células aderidas na superficie

para evitar

Céamara de fluxo de fluide pulsatil
Area para circulagio do fluido

Figura A3: Esquema da camara de fluxo de fluido pulsatil com lamina de vidro,
tampa e parafusos posicionados. Vista transversal.
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Figura A4: (a) Camara para o teste de fluxo de fluido pulsatil e seringas com meio de
cultura para preenchimento da cdmara. Seringas de 1 ml para coleta de meio de cultura
durante o experimento nos grupos teste ¢ controle (sem fluxo de fluido pulsatil) para
analise de oxido nitrico. (b) Preenchimento da cdmara e canula de borracha com 3 ml
de meio de cultura. Setas indicam um degrau de 300 um de altura entre a superficie

l.‘.‘llr\ﬂ";ﬂ!' A 0 l"l'jc‘ﬂ l‘lf_‘l f‘a‘\‘l’)r‘: nara Aansa N mn;n f“ﬂ f‘!l‘hll"f_'l l“;"!‘lllﬂ (‘.’n"\]’\l‘ﬂ ac r“l:‘l]lll')l:

Equipamento do fluxo de fluido pulsatil com camara posicionada em estufa a 37°C e
5% de COaz. Sensor conectado ao sistema de fluxo de fluido pulsatil para monitorar a
velocidade do fluido (20 ml/min-seta preta). (¢) Placa contendo amostras de meio de
cultura dos experimentos com o reagente de Griess. As duas primeiras colunas
correspondem a curva padrdo de concentragdes conhecidas de NaNO;.
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microscopio confocal Leica TCS-SP2 e acoplada a mangueiras de borracha para
transporte do fluido. (¢) Visdo geral do sistema com bomba e mangueiras de
borracha.



Autorizo a reproducgdo deste trabalho.

(Direitos de publicacdo reservados ao autor)

Araraquara, 27 de fevereiro de 2008.
VANESSA CAMILA DA SILVA
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