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RESUMO

O presente estudo utilizou o modelo fatia-dental/matriz-polimérica para avaliar a
influéncia do tratamento dentinario e das BMPs dentinarias na diferenciagdo das
células-tronco da polpa de dentes deciduos (SHED). Secgdes transversais (1mm) foram
preparadas a partir de terceiros molares humanos extraidos. Matrizes poliméricas a
base de acido poli-L-latico (PLLA) foram criadas no interior da cavidade pulpar das
secgdes dentinarias, tratadas com solucdo de EDTA a 10%; NaOCI a 5.25%; ou
permanecendo sem tratamento. Matrizes poliméricas confeccionadas sem as fatias
dentais foram utilizadas como controle. As células (5x10%) foram semeadas nas
matrizes e, apds 7, 14, 21 e 28 dias de cultura in vitro, a expressdo de marcadores de
diferenciagao odontoblastica (DSPP, DMP1 e MEPE) e a proliferagao celular (WST-1)
foram avaliadas. Células (5x10°) semeadas nas matrizes foram transplantadas em
camundongos imunodeficientes e cultivadas in vivo por um periodo de 14 e 28 dias.
Para avaliar a atividade das BMPs dentinarias, 5x10* células foram semeadas em
matrizes poliméricas com fatia dental e cultivadas na presencga de anticorpos anti-BMP-
2, -4, ou -7 (2 pg/ml) durante 14 dias. Adicionalmente, 5x10° células foram tratadas com
rhBMP-2, -4, ou -7 (100ng/mL) por 24hs. As células cultivadas in vitro e in vivo
alteraram sua expresséo genética durante o curso do tempo. DSPP, DMP-1 e MEPE
foram expressos por células cultivadas in vitro apos 14 dias (tratamento com EDTA e
dentina sem tratamento) e in vivo apds 28 dias (EDTA), ndo sendo detectados nos
grupos NaOCI e nas células cultivadas nas matrizes sem fatia dental. A proliferagao foi
reduzida com a diferenciagao celular (p<0.05). A utilizagcdo de BMP-2/4Ab no meio de
cultura exerceu um efeito inibitério na expressdo dos marcadores de diferenciagao
celular, ndo ocorrendo quando do cultivo das SHED na presenca de BMP-7Ab. DSPP,
DMP-1 e MEPE foram expressos por células tratadas com rhBMP-2, e DSPP e DMP-1
por células tratadas com rhBMP-4 e -7. Células sem tratamento ndo expressaram o0s
marcadores. O modelo fatia-dental/matriz-polimérica demonstrou ser adequado para o
estudo da diferenciacdo de células-tronco pulpares, sugerindo que a dentina possa
fornecer um microambiente favoravel para a diferenciagdo de celular. As proteinas
O0sseas morfogenéticas dentinarias BMP-2 e BMP-4 parecem exercer um papel

relevante nesse processo.



Palavras-chave: engenharia de tecidos; células-tronco da polpa dental; matrizes
poliméricas; dentina; proteinas Osseas morfogenéticas (BMP); proliferagao;

diferenciagao.

ABSTRACT

The effect of dentin pre-treatments and dentin-derived BMPs on SHED differentiation
was tested using the Tooth-Slice Scaffold model (TSS). Dentin slices (1mm thickness)
were prepared from extracted human third molars. Biodegradable PLLA scaffolds were
prepared inside the pulp chamber of the tooth-slices, treated alternatively with a 5.25%
NaOCI or 10% EDTA solution, or remaining untreated (WO-T). PLLA sponge scaffolds
with no tooth-slice (PSS) were used as control. SHED (5x10*) were seeded in TSS and
PSS and after 7, 14, 21 and 28 days in culture, RT-PCR (DSPP, DMP1 and MEPE) and
WST-1 proliferation assay were performed. Additionally, cells (5x10°) were seeded in
TSS and PSS and transplanted into SCID mice (14 and 28 days). To verify the dentin-
derived BMPs bioactivity, SHED (5x10*) were cultured in TSS in the presence of anti-
human BMP-2, -4, and -7 antibodies for 14 days. Besides, cells in culture were treated
with rhBMP-2; -4; or -7 for 24 hours. After in vitro and in vivo time course, SHED altered
their genetic expression. The cells cultured in vitro in the TSS (EDTA or WO-T)
expressed the differentiation markers after 14 days and maintained expression
thereafter. Cell proliferation rate was reduced following the differentiation (p<0.05). Cells
transplanted in vivo expressed DSPP, DMP-1 and MEPE after 28 days (EDTA). No
transcripts were found in tooth-slices treated with NaOCI or in PSS groups. BMP-2/4Ab
prevented the differentiation process and no inhibitory effect was detected for BMP-7Ab.
After 24 hours, expression of DSPP, DMP-1 and MEPE was found for rhBMP-2, and
DSPP and DMP-1 for rhBMP-4 and rhBMP-7 treated SHED, but not for untreated cells.
The tooth slice scaffold model suggests that dentin can provide the environment for
SHED differentiation and dentin-derived morphogenic signals BMP-2 and BMP-4 play an
important role in this process.

Keywords: tissue engineering; stem cell from human deciduous teeth (SHED);

scaffolds; dentin; bone morphogenetic protein (BMP); proliferation; differentiation.
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1. INTRODUCAO

1.1 Engenharia tecidual

O edentulismo continua sendo um grave problema em nosso pais.
Segundo os resultados de um estudo que avaliou as condi¢cdes de saude bucal
da populagdo brasileira, a necessidade de algum tipo de protese comeca a
surgir a partir da faixa etaria de 15 a 19 anos de idade (Brasil, 2004).

Avancgos na area de biologia molecular e celular tém contribuido para o
desenvolvimento de técnicas de reparagédo ou, até mesmo, de regeneragao de
orgaos e tecidos injuriados por doengas, traumas e deformidades congénitas.
Langer e Vacanti (1993) foram os pioneiros a descrever o conceito de
engenharia tecidual como sendo um campo interdisciplinar que aplica principios
da engenharia, biologia e ciéncias clinicas para o desenvolvimento de
substitutos biolégicos que possam manter, restaurar, ou melhorar a fungéo de
orgaos e tecidos. Essa nova ciéncia esta alicergada sobre trés pilares: células,
matrizes biocompativeis e moléculas bioativas responsaveis pelos sinais
morfogénicos.

Substitutos biolégicos de pele em criangas que sofreram queimaduras
severas (HOHLFELD et al., 2005), bem como a construgédo de tecido ésseo em
pacientes com perda Ossea severa (WARNKE et al.,, 2004) sdo exemplos de
estratégias baseadas na engenharia tecidual que tém sido utilizadas em
humanos.

Nos ultimos anos, a odontologia passou a explorar o potencial da

engenharia tecidual na reparagdo e regeneracdo de estruturas dentais. A
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descoberta de células-tronco no o6orgao pulpar de dentes permanentes
(GRONTHOS et al., 2000) e até mesmo em dentes deciduos (MIURA et al.,
2003), associada a possibilidade de utilizagdo terapéutica, estimula as
especulacdées para o desenvolvimento de uma “terceira denticdo”, o que
possibilitaria o restabelecimento da fungdo mastigatéria e estética com terapias

mais biologicas.

1.1.1 Células-tronco pulpares

Todos os orgaos e tecidos do organismo sao originados a partir de
células-tronco (SMITH, 2001). As células-tronco sdo comumente definidas como
células clonogénicas nao especializadas que possuem habilidade de se dividir
continuamente e gerar células progenitoras que se diferenciam nas mais
diversas linhagens celulares (RAO, 2004). De acordo com a origem, as células-
tronco também podem ser classificadas como células embrionarias/fetais ou
células-tronco adultas/pos-natais (FORTIER, 2005).

A principal diferenca entre as células-tronco embrionarias e pos-natais
estd na diferenga de plasticidade, isto €, no potencial que elas possuem em
originar diferentes linhagens celulares especializadas (MARTIN-RENDON e
WATT, 2003). O grande potencial de plasticidade faz das células-tronco
embrionarias uma alternativa promissora para o desenvolvimento de novas
terapias celulares. Porém, a utilizacdo dessa fonte celular altamente
indiferenciada é controversa e cercada por questdes éticas e legais, o0 que reduz

a sua atratividade e disponibilidade (GARDNER, 2002). Dessa forma, varias
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pesquisas estdo focadas no desenvolvimento de terapias utilizando células-
tronco pos-natais, obtidas do préprio paciente (autdégenas) ou através de
técnicas alogénicas ou xenogénicas.

As células-tronco poés-natais sdo células indiferenciadas que
caracteristicamente geram tipos celulares compativeis com o tecido no qual elas
residem. Possuem a capacidade de auto-renovacédo e sua fungao principal é
manter e reparar os tecidos no qual se encontram. Porém, podem também
formar tipos celulares especializados de outros tecidos onde forem
transplantadas, reprogramando-se de acordo com o novo ambiente, 0 que é
conhecido como trans-diferenciacdo (BJORSON et al., 1999; ANDERSON,
GAGE e WEISSMAN, 2001). Sugere-se que a capacidade e o potencial para as
células-tronco adultas diferenciarem em um amplo espectro fenotipico é
determinado pela interacdo delas com células residentes nos tecidos, assim
como com os fatores de crescimento/diferenciacédo (WAGERS e WEISSMAN,
2004; VASSILOPOULOS e RUSSELL, 2003).

A aplicagédo de principios de terapia celular baseados em células-tronco
pos-natais ndo € muito recente. Em 1968, o primeiro transplante alogénico de
medula 6ssea foi utilizado com sucesso no tratamento de imunodeficiéncia
severa (KENNY e HITZIG, 1979). Desde a década de 1970, transplantes de
medula 6ssea tém sido utilizados frequentemente para o tratamento de
leucemia, linfoma e anemias, além de desordens genéticas (BARRETT e
McCARTHY, 1990).

Atualmente, as células-tronco pds-natais tém sido isoladas dos mais
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variados orgaos e tecidos como: medula 6ssea, tecido nervoso, pele, retina,
foliculos pilosos, intestino, pancreas, e até mesmo da polpa dental humana
(HARADA et al.,, 1999; FUCHS e SEGRE, 2000; GRONTHOS et al., 2000;
GRONTHOS et al., 2002; MIURA et al., 2003).

O interesse pelo desenvolvimento de terapias celulares tem aumentado a
busca por células-tronco adultas de alto potencial de proliferacdo e de
diferenciacdo, provenientes de fontes acessiveis. Utilizando técnicas que
envolvem a digestdo do tecido pulpar através de um processo enzimatico,
populacdes de células-tronco pulpares foram primeiramente encontradas na
polpa dental de dentes permanentes (DPSC - Dental Pulp Stem Cells -
GRONTHOS et al., 2000) e, mais tarde, em polpa de dentes deciduos (SHED —
Stem Cells from Human Exfoliated Deciduous Teeth - MIURA et al., 2003). A
andlise do comportamento celular revelou caracteristicas basicas
compartilhadas por outras populagcdes de células-tronco pds-natais: auto-
renovacao e alta capacidade de proliferacao e diferenciagdo (GRONTHOS et al.,
2002).

Um estudo utilizando marcadores de microvasculatura sugeriu que as
células-tronco pulpares estao intimamente associadas com os vasos sanguineos
do tecido pulpar, especialmente pericitos e células musculares lisas. As células-
tronco pulpares expressam o fator CD146, alpha-actina da musculatura lisa e
proteina 3G5 (SHI e GRONTHOS, 2003).

Em estudos de caracterizagao fenotipica, células-tronco de medula 6ssea

(Bone Marrow Stromal Stem Cells — BMSC) e DPSC apresentaram algumas
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caracteristicas semelhantes a fibroblastos, células endoteliais, musculatura lisa e
osteoblastos. As BMSSC e DPSC expressaram marcadores 6sseos, como a
sialoproteina, fosfatase alcalina, colageno tipo | e osteocalcina (GRONTHOS, et
al., 2000; SHI, ROBEY e GRONTHOS, 2001). De acordo com Liu et al. (2005),
células-tronco da polpa dental apresentam o fendtipo fibroblastico, quando se
refere ao padrao de proliferagao e atividade mineralizadora.

A comparacéao do potencial de proliferacéo e diferenciacao entre BMSC e
DPSC demonstrou que a eficiéncia na formagao de coldnias in vitro foi maior
para as células-tronco de origem pulpar (GRONTHOS et al., 2000). De acordo
com o estudo, as DPSC possuem a capacidade de regenerar o complexo
dentino-pulpar. Apds o transplante in vivo, as células foram capazes de formar
dentina ectopica e tecido pulpar adjacente, representando uma nova populagao
de células-tronco pés-natais com alto potencial proliferativo, capacidade de auto-
renovacao e diferenciagdo em multiplas linhagens.

Em comparagcdo com BMSC e DPSC, as SHED demonstraram um maior
potencial de proliferagao e capacidade osteoindutora in vivo, porém falharam em
reconstituir um complexo dentino-pulpar organizado, talvez por terem
caracteristicas mais imaturas que outras populacdes de células-tronco pds-

natais (MIURA et al., 2003).

1.1.2 Matrizes biocompativeis

Para que a engenharia tecidual se constitua em uma opg¢ao terapéutica

viavel na regeneragcao do complexo dentino-pulpar, sdo necessarias estruturas
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tri-dimensionais de suporte celular e que permitam a re-vascularizacdo do tecido
pulpar (NAKASHIMA, 2005).

Os scaffolds s&o estruturas tri-dimensionais que proporcionam um
microambiente capaz de permitir a adesdo e migracao celular. Esses devem
apresentar caracteristicas fisicas, quimicas e biolégicas favoraveis ao
crescimento e diferenciagdo celular, além de microporosidades para permitir a
conectividade entre o enxerto e o tecido adjacente, facilitando o transporte de
nutrientes e a eliminagdo dos produtos do metabolismo celular (SACHLOS e
CZERNUSKA, 2003; NAKASHIMA e AKAMINE, 2005).

Dependendo da finalidade de aplicacéo, os scaffolds podem ser naturais
ou sintéticos, biodegradaveis ou permanentes. Scaffolds contendo componentes
inorganicos, tais como hidroxiapatita e fosfato de calcio, sdo usualmente
empregados na neo-formagdo Ossea guiada (JADLOWIEC, CELIL e
HOLLINGER, 2003). Polimeros naturais, a base de colageno e
glicosaminoglicano, oferecem boa bioatividade e biocompatibilidade.

Polimeros sintéticos permitem a manipulacdo das propriedades fisico-
quimicas como o indice de degradagdo, tamanho das microporosidades e
resisténcia mecanica. Usualmente, os polimeros sintéticos utilizados na
engenharia tecidual sdo a base de acido poli-L-latico (poly-L-lactic acid — PLLA),
acido poli-glicdlico (poly glycolic acid — PGA), e seus co-polimeros como o acido
poli-latico co-glicolico (poly lactic-co-glycolic acid — PLGA). Essas matrizes
poliméricas tém demonstrado bons resultados nas aplicagbes de engenharia

tecidual em fungdo da capacidade de sustentar o crescimento e a diferenciagao
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celular (TAYLOR et al., 1994). Além disso, a taxa de degradagao observada é
compativel com o indice de formacao tecidual, isto significa que as células
fabricam sua prépria matriz tecidual enquanto o scaffold fornece integridade
estrutural, até que o tecido neo-formado apresenta-se em condi¢cdes para auto-
sustentacédo (FREED et al., 1994). Matrizes a base de polimeros biodegradaveis
(PGA/PLLA) serviram para a engenharia de estruturas dentais com

caracteristicas muito similares a coroa de dentes naturais (YOUNG et al., 2002).

1.1.3 Moléculas bioativas do complexo dentino-pulpar

Fatores de crescimento, moléculas bioativas ou fatores morfogenéticos
sao proteinas que se ligam a receptores celulares induzindo a
proliferacao/diferenciacao celular (WINGARD e DEMETRI, 1999). Atualmente,
uma variedade de moléculas bioativas com fungdes especificas tém sido
empregadas na terapia com células-tronco e na engenharia tecidual
(RAMOSHEBI et al.,, 2002; VASITA e KATTI, 2006). Diversos fatores de
crescimento podem ser utilizados para controlar a atividade de células-tronco,
seja aumentando o indice de proliferacédo, induzindo a diferenciacdo em outro
tipo celular, ou ainda, estimulando as células a sintetizar e secretar matriz
mineralizada (MARTIN et al., 1998; STEVENS et al., 2005).

Os fatores de crescimento exercem um papel fundamental na sinalizacao
de eventos formadores e reparadores do complexo dentino-pulpar. O tecido da
polpa dental é reconhecido por sua alta capacidade de reparagao (NAKASHIMA

e REDDI, 2003; GOLDBERG et al., 2003; TZIAFAS, 2004). A vitalidade do
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complexo dentino-pulpar apés injuria esta na dependéncia da atividade celular e
dos processos de sinalizacdo. A formacgao da barreira mineralizada em locais de
exposicao pulpar apés o capeamento direto € um exemplo classico do potencial
de reparacgao da polpa dentaria (SMITH et al., 2000).

A matriz dentinaria € considerada como um reservatorio de fatores de
crescimento, uma vez que TGFg (Transforming Growth Factor), BMP (Bone
Morphogenic Protein), FGF (Fibroblast Growth Factor), IGF (Insulin-like Growth
Factor) e VEGF (Vascular Endothelial Growth Factor) sao incorporados durante
0 processo de odontogénese e permanecem “fossilizados”, porém capazes de
estimular resposta tecidual apos serem mobilizados (FINKELMAN et al., 1990;
RUCH, LESOT e BEGUE-KIRN, 1995). Uma vez liberadas, essas moléculas
podem desempenhar papel chave na sinalizagado de diversos eventos, como a
formagao da dentina terciaria e reparo pulpar (TZIAFAS, 1995).

A estrutura tubular confere a dentina uma permeabilidade significativa
(PASHLEY et al., 2002) de forma que a difusdo de produtos da degradagao da
matriz dentinaria, em consequéncia da desmineralizagdo ocasionada por lesao
de carie, agentes condicionadores dentinarios, e materiais capeadores, induz
uma sequéncia de eventos celulares envolvendo o recrutamento de células-
tronco, a diferenciacdo e a ativacdo da atividade secretéria de matriz
mineralizada (SMITH et al., 1995; MURRAY e SMITH, 2002).

Quatro grupos distintos de fatores de crescimento parecem estar
envolvidos com o desenvolvimento cranio-facial (BMPs, FGF, Wnts, Hhs),

contudo as proteinas 6sseas morfogenéticas (BMP) parecem ser suficientes
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para promover a regeneragcdo dos tecidos dentais (NAKASHIMA e REDDI,
2003). Receptores para BMP (BMPR-IA, IB e IlI) foram expressos por células
extraidas da polpa dental humana (GU, SMOKE e RUTHERFORD, 1996). As
BMP sdo membros da superfamilia TGFg, originalmente identificadas como
proteinas formadoras de tecido &sseo e cartilaginoso, envolvidas na
embriogénese e morfogénese de varios 6rgaos e tecidos, incluindo os dentes
(THESLEFF e SHARPE, 1997).

Os fatores de crescimento BMP-2, BMP-4, BMP-6, BMP-7 e Gdf11 estdo
envolvidos na proliferacdo e diferenciacdo de odontoblastos. Estudos
demonstraram que a expressao de BMP-2 esta aumentada durante o processo
terminal de diferenciagcdo de odontoblastos (NAKASHIMA et al., 1994,
NAKASHIMA e REDDI, 2003), assim como BMP-7 promove a formagao de
dentina reparadora e mineralizagdo em modelos animais (DECUP et al., 2000;
GOLDBERG et al., 2001).

Proteinas recombinantes (rhBMP) tém demonstrado induzir a
reparacéo/regeneracao dentinaria em exposi¢des pulpares (NAKASHIMA, 1994;
DECUP et al., 2000; SIX, LASFARGUES e GOLDBERG, 2002).

Embora se saiba do papel relevante das BMPs na diferenciagédo de
células-tronco bem como na inducédo reparadora da polpa dental, os fatores
dentinarios envolvidos nesse processo nao foram totalmente compreendidos e
carecem de um maior estudo para que no futuro a regeneragao do complexo
dentino-pulpar seja uma realidade em uma pratica clinica baseada em

fundamentos bioldgicos.
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2. OBJETIVOS

A transicdo da denticdo decidua para a permanente € um processo
fisioldgico unico onde o desenvolvimento e erupgao dos dentes permanentes se
da simultaneamente a reabsorcao da raiz dos dentes deciduos. Essa condicao
torna o dente deciduo um doador em potencial de células indiferenciadas para
diferentes propésitos terapéuticos, principalmente no ambito da regeneragéo do
complexo dentino-pulpar.

Utilizando os principios da engenharia tecidual, onde células-tronco da
polpa de dentes deciduos (SHED) sao semeadas dentro de matrizes poliméricas
biodegradaveis criadas no interior de fatias dentais, o presente estudo propde-se
em avaliar:

1) o efeito do pré-tratamento dentinario sobre a proliferagdo (in vitro) e
diferenciacdo (in vitro e in vivo) das SHED utilizando o modelo fatia-
dental/matriz-polimérica;

2) a influéncia das BMPs dentinarias na diferenciacdo das células-tronco da

polpa de dentes deciduos.
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Abstract

The effect of different dentin pre-treatments on the differentiation of stem cells from
human exfoliated deciduous teeth (SHED) was evaluated using a Tooth-Slice Scaffold
Model (TSS). Dentin tooth-slices (1mm thickness) were prepared from extracted human
third molars. Biodegradable highly porous poly-L-latic acid (PLLA) scaffolds were
fabricated in the pulp space of the tooth-slices. These scaffolds were untreated (WO-T),
treated alternatively with 5.25% sodium hypochlorite solution (NaOCI), or with
ethylenediaminetetraacetic acid (EDTA). SHED (5 x 10*) were seeded into the scaffolds
and cultured in vitro in 24-well plates for 7, 14, 21 and 28 days. PLLA sponges scaffolds
with no tooth-slice (PSS) were used as controls. RNA was collected with Tryzol® at each
time point and reverse transcriptase polimerase chain reaction (RT-PCR) was performed
to evaluate the expression of odontoblast differentiation markers (DSPP, DMP1 and
MEPE). SHED proliferation, cultured in TSS under different dentin treatments, was
quantified using a WST-1 assay at 7, 14, 21 and 28 days. Additionally, SHED (5 x 10°)
were implanted into SCID mice using the TSS model. RT-PCR demonstrated that SHED
cultured in vitro altered their genetic expression during the time course. SHED in the
TSS treated with EDTA or WO-T expressed differentiation markers after 14 days and
maintained the expression up to 28 days. No expression was detected for those cells
cultivated in NaOCI or PSS groups. SHED proliferation rate was significantly lower for
cells cultivated in untreated TSS and those treated with EDTA, when compared to PSS
and TSS NaOCI treated groups after 28 days culture (p<0.05). Cells, which were
implanted in vivo in the TSS EDTA treated group, expressed DSPP, DMP-1 and MEPE
after 28 days implantation. Differentiation markers were not found in cells cultured in
TSS NaOCIl treated or in PSS groups. The TSS model suggests that dentin is necessary

to create a favorable environment for SHED differentiation.
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Introduction

Recent advances in molecular and cellular biology have led to developments in stem cell
research '. Tissue engineering is an interdisciplinary field that applies the principles of
engineering and life sciences to the development of biological substitutes that restore,
maintain, or improve tissue function or even an entire organ 2. It uses a combination of
three elements: scaffolds, cells and morphogenic signals.

Scaffolds provide a physicochemical and biological three-dimensional microenvironment
for cell growth and differentiation, promoting cell adhesion and migration *. Recently it
was shown that biodegradable polymers (PGA/PLLA) in the form of scaffolds could
provide an adequate environment for successful bioengineering of tooth crowns, which
closely resemble the morphological features of natural teeth *.

An odontogenic progenitor population was found in permanent (DPSC — Dental Pulp
Stem Cells) ° and deciduous dental pulp tissue (SHED — Stem Cells from Human
Exfoliated Deciduous)®. These progenitor cells share two basic properties of stem cells:
self-renewal and multi-lineage differentiation. DPSC have demonstrated the ability to
regenerate the dentin-pulp-like complex when in vivo transplanted in combination with
specific induction factors °. Comparatively, SHED have showed a significantly higher
proliferation rate than bone marrow stromal stem cells (BMSSC) and DPSC, but it has
failed to reconstitute a dentin-pulp-like complex °.

Dentin matrix contains many bioactive molecules capable of stimulating tissue
responses. Demineralization of dental tissues can lead to the release of growth factors
following the application of cavity etching agents, restorative materials, and the carious
lesion ’. Once released, these growth factors may play key roles in signaling many of the
events, including the stimulation of dental pulp stem cell differentiation 8. EDTA
treatment is considered an efficient method in dentin demineralization and it has
contributed with the releasing of growth factors from the dentin matrix * "°. Sodium
hypochlorite is known to cause inactivation of the proteins and growth factors found in
the dentin matrix '".The removal of protein content from dentin could avoid the
progenitor cell differentiation towards odontoblast phenotype, but such hypothesis was
not yet tested. This study was designed to test the theory using the Tooth-Slice Scaffold
Model pre-treated with NaOCI or EDTA, could interfere with differentiation process of
SHED cells into odontoblast-like cells. The hypothesis was that soluble factors released
by dentin EDTA treatment may play an important role in dental pulp stem cell

differentiation and dentin deprotenization could prevent this differentiation.
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Materials and Methods

- Sample collection - Extracted non-carious human third molars were collected from
young patients (17 to 23 years old) in the department of Oral Surgery, University of
Michigan, School of Dentistry. Soft tissues were removed with a periodontal scalpel and
the teeth were cleaned with 70% ethanol and kept in sterile phosphate buffered saline at
4° C (1X PBS)(Gibco, Invitrogen, Grand Island, NY, USA). During the experiments, cells
from 4-6" passage were used.

- Cell culture - Stem Cells from Human Exfoliated Deciduous Teeth (SHED - Miura et
al., 2003) were provided by Dr. Songtao Shi, from the Dental Biology Unit, Craniofacial
Skeletal Diseases Branch (NIH Bethesda, MD). The SHED were cultivated in T-75 and
T-150 flasks with Dulbecco’s Modified Eagle Medium low glucose (DMEM)(Gibco,
Invitrogen, Grand Island, NY, USA) supplemented by 10% fetal bovine serum ES cell
qualified (FBS)(Gibco, Invitrogen, Grand Island, NY, USA) and 1% penicillin-
streptomycin solution (Gibco, Invitrogen, Grand Island, NY, USA), incubated at 37° C in
5% COs,.

- Preparation of tooth-slices scaffolds (TSS) - Transversally cervical slices (1 mm-
thickness) were cut per tooth by means of a diamond saw (MK-303 Professional; MK
Diamond Products, Calais, ME, USA) with coolant (1x PBS). Pulp tissue was carefully
removed from the tooth-slices to prevent pre-dentin layer damage. Poly-L-latic acid
solution (Boehringer Ingelheim, Germany) was prepared using 1g of PLLA particles
dissolved into 20ml of chloroform (5% w/v). The tooth-slices pulp cavities were filled with
250 - 450 pm sieved sodium chloride (NaCl) and PLLA solution previously dissolved with
chloroform. After polymerization, the salt was removed by distilled water, changed 4
times during 1 day.

- Experimental and control groups - Previous to PLLA scaffold preparation, 20 dentin
disks were immersed in a 5.25% sodium hypochlorite solution (NaOCI) for 5 days at 4°C
(changed daily) in order to remove the dentin organic content. Forty tooth-slices (without
NaOCI dentin pre-treatment) were placed in 1X PBS for 5 days at 4°C. Just prior to cell
seeding, 20 tooth-slice scaffolds were treated with 10% ethylenediaminetetraacetic acid
solution (EDTA), pH 7.2, at 4° C for 1 minute and washed with 1x PBS for another 1
minute. The remaining 20 tooth-slices scaffolds received no treatment (WO-T). PLLA
sponges scaffolds (PSS) built without tooth-slice were used as controls (20).

- Cell seeding - The day before the cell seeding, all the TSS as well as the PSS were
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disinfected and hydrophilized with sequential concentrations of ethanol (100%, 90%,
80% and 70%), for 20 minutes each, and then washed with sterile 1x PBS for 1h and
kept in this buffer overnight at 4° C. When the cells reached the subconfluent stage
(80%) they were removed with 0.25% trypsin-EDTA (Gibco, Invitrogen, Grand Island,
NY, USA) and a total of 5 x 10* (20l cell suspension) were seeded inside each PSS or
TSS, placed in a 24-well plate. Samples were kept for 45 min into the incubator (37° C,
5% CO,) for initial cell attachment to scaffolds. Then, 500uL of DMEM culture medium
was added in each well plate and the scaffolds were then incubated at 37° C (Figure 1A).
The culture medium was changed every other day until the RNA was extracted,
according to experimental time points (7, 14, 21 and 28 days).

- RNA extraction and RT-PCR - The culture medium was aspirated and the samples
were washed with 1X PBS. Trizol® was placed into each well plate to allow collection of
the SHED RNA after 5 minutes. Scaffolds were collected in 1.0 ml Trizol® that was
vortexed thoroughly. Chloroform (200 ul) was added and the samples vortexed again.
The samples were centrifuged for 15 minutes (13.000 RPM at 4° C). RNA was
precipitated with isopropanol (500ul), washed with 75% ethanol (500pul) and dissolved in
nuclease free water (20ul). The quantity and quality (A260/A.250) of RNA was measured
by a spectrophotometer (DU 640, Beckman Coulter — CA, USA). Total RNA (0.2ug) was
used in a reverse transcriptase polymerase chain reaction (SuperScript™ Ill Platinum®,
Invitrogen) with a 54 uL reaction system including 24 uL DDW, 25 puL 2X Reaction Mix, 1
uL Taq Polymerase, 1 uL sense and 1 ulL anti-sense and 2 uL template. The human-
specific sense and anti-sense primers were designed according to published cDNA
sequences of GenBank, and GAPDH (sense 5 gaccccttcattgacctcaact 3’, antisense 5’
caccaccttcttgatgtcatc 3’; 683 bp) was used as house-keeping gene to normalize RNA
expression. SHED differentiation was monitored for three odontoblast markers: (DSPP)
dentin sialophosphoprotein (sense 5 gaccccttcattgacctcaact 3’, antisense 5’
tgccatttgctgtgatgttt 3’; 181 bp), (DMP-1) dentin matrix protein-one (sense
5’caggagcacaggaaaaggag 3', antisense 5’ ctggtggtatcttgggcact 3’; 213 bp) and (MEPE)
matrix extracellular phosphoglycoprotein (sense 5’ gcaaaagcacccatcgtatt 3’, antisense 5’
ctgccctctacaaggcetgac 3’; 385 bp). RNA collected from human odontoblasts (fresh
extracted third molars) was used as positive control for DSPP, MEPE and DMP-1
expression. The following Polymerase Chain Reaction (PCR) cycles was used:

denaturation, 94° C for 45s; annealing, 57° C for 45s; and extension, 72° C for 60s, for
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35 cycles, then 72° C for 5 min and held at 4° C. The PCR products were separated by
using 1.5% agarose gel electrophoresis and were stained with ethidium bromide; digital
images were taken using an ultraviolet background. Three independent experiments
were performed to verify the reproducibility of the results.

- WST-1 proliferation assay - TSS and PSS were prepared as previously described.
SHED (5 x 10*) were seeded into the TSS and PSS and cultured in 24-well plates (37°C
in 5% COy). WST-1 cell proliferation reagent was added to the cells in a 1:10 final
dilution. After one-hour incubation (37° C in 5% CO,), 100uL of culture medium/WST-1
reagent were transferred to a 96-well plate in order to read the level of absorbance in a
ELISA multiplate reader (TECAN, Genius USA-IL) with a wavelength of 450nm. The
measurements were performed after 7, 14, 21 and 28 days of cell cultured. Data were
submitted to statistical analysis using one-way ANOVA followed by Tukey’s test
(Sigmastat 2.0 software, SPSS, Chicago, IL, USA), at p<0.05.

- Implantation — SHED (5 x 10°) were prepared in a cell suspension solution (20 pl)
using Matrigel (BD Biosciences, Bedford, MA, USA) and DMEM (1:1), and seeded inside
the TSS (NaOCI, EDTA and WO-T) and PSS. The scaffolds (n=2 each group, 2 for
animal) were transplanted subcutaneously into the dorsum of 5-7 week-old male SCID
mice (n=8) (CB.17 SCID; Charles River, Wilmington, MA, USA) (Figure 2A). The study
was approved by the animal care ethics committee of the University of Michigan (Ann
Arbor, Ml — USA), using UCCA and IRB approved protocols. Two tooth slice scaffolds
were implanted per mice. After 14 and 28 days, the mice were euthanized. The implants
were retrieved (Figure 2D), the RNA was extracted and RT-PCR was performed as

previous described.

Results

Analysis of temporal gene expression by RT-PCR in SHED cultured in TSS model
RT-PCR demonstrated that SHED altered their genetic expression during culture periods
(Figure 1C). Transcripts for DSPP, DMP-1 and MEPE were detected by RT-PCR using
total RNA isolated from the scaffolds after the time course. DSPP, DMP-1 and MEPE
MRNA began their expression in cells cultured in TSS treated with EDTA or WO-T after
14 days, being also expressed at the 21 and 28-day intervals. No expression was found
by the 7™ day culture for all groups. No mRNA expression for differentiation markers was
found in TSS treated with NaOCI or in PSS, for any time point.

Effect of dentin pre-treatment on SHED proliferation
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The statistical analysis showed interactions between the time course and experimental
groups. For all time points (7, 14, 21 and 28 days), SHED cultivated in PSS showed
higher rate of proliferation compared to NaOCI, WO-T and EDTA groups (p<0.05). After
14 days, SHED cultivated in TSS NaOCI treated presented bigger proliferation rate than
cells cultured in TSS WO-T and TSS EDTA treated, and this pattern was maintained
thereafter (p<0.05). SHED cultured in TSS WO-T and EDTA treated groups, reached a
peak value on day 14, and then decreased (Table 1; Figure 1B).

DSPP, DMP-1 and MEPE mRNA expression after in vivo SHED transplantation
SHED seeded in the TSS or PSS were implanted into SCID mice. Transcript for DMP-1
was found in TSS EDTA treated or TSS WO-T group after 14 days. MEPE positive cells
were only found in EDTA treated group. In 28 days implantation, DSPP, DMP-1 and
MEPE were expressed by SHED cultured in both TSS EDTA treated and TSS WO-T. No
reactivity of differentiation markers was found in TSS NaOCI treated or in PSS, in any

evaluated time point (Figure 2E).

Discussion

After tooth formation, the dental pulp maintains its defensive and regenerative ability.
Evidence shows that human dental pulp has a high proliferative and multi-lineage
subpopulation of cells capable of differentiating in many directions, according to
stimulation > °.

The dentine matrix contains growth factors and cytokines that are sequestered during
dentinogenesis '%. Following physiological stimulation or injury, such as caries, trauma
and operative procedures, these molecules are released by acids with others
extracellular matrix components and induce reparative dentinogenesis *°.

The tissue engineering is based on a principle whereby undifferentiated cells placed into
a biocompatible matrix respond to specific signals which causes proliferation and
differentiation. Here we use SHED cultured in biodegradable polymer scaffolds
fabricated inside the dental pulp cavity of a 1 mm thick tooth-slice to mimic the dentin
environment that provides bioactive molecules for cell differentiation. The tooth-slice
model has been used to study human dental pulp angiogenesis and is a useful tool for
research therapeutic strategies for avulsed immature teeth ™.

In the present study we utilized tooth-slice scaffolds to study SHED differentiation.
According to Roberts-Clark and Smith (2000) °, EDTA has the ability to extract bioactive
and extracellular molecules (ECM) from dentin. We hypothesized that bioactive
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molecules sequestered in dentin matrix could be released by EDTA action and promote
dental pulp stem cells differentiation.

The results from our in vitro experiment confirm that SHED cultured in tooth-slice
scaffolds altered their genetic expression during the time course. Tooth-slice scaffolds,
which were EDTA treated or remain without treatment, expressed differentiation markers
(DSPP, DMP-1 and MEPE) after 14 days and maintained expression thereafter.
Interestingly, The expression of differentiation markers for untreated group followed the
pattern of EDTA group. We speculate that the PLLA based scaffold used in the present
study releases lactic acid as a product of degradation over the time, and may act as
dentin conditioning agent, which promotes growth factors release.

To eliminate the effect of dentin matrix molecules on dental pulp stem cells we used
NaOCI to remove the organic content from the dentin. Sodium hypochlorite (5.25%) is
capable of dissolving the entire organic component of dentin ''. Additionally, SHED
seeded in PLLA sponge scaffolds with no tooth-slice were used as negative control for
the expression of differentiation markers. No reactivity of differentiation markers was
found in tooth-slices treated with NaOCI or in PSS during time course evaluation. For the
PSS, there was a lack of inductive signals without the dentin disks. Similarly, when the
dentin had the protein components removed by NaOCI treatment, there was no inductive
signal present, probably because the growth factors sequestered into the dentin matrix
were denature with the NaOCI treatment.

The first evidence that human pulp cells of odontoblasts-lineage can differentiate in
odontoblasts in vitro upon contact with dentin chemically treated utilized scanning
electronic microscopy (SEM) images and morphologic analysis to draw conclusions
regarding the differentiation status of these cells '°. However, using only morphological
analysis is not a reliable method to confirm cell differentiation itself. Usually, isolated
stem cells from human dental pulp (from permanent and deciduous teeth) have the
typical fibroblastic morphology, spindle-shaped with extending cytoplasmatic processes.
The image of a process extending into the opening of a dentinal tubule can occur only by
chance.

In the present study, RT-PCR with three markers for odontoblast differentiation were
used: dentin sialo-phosphoprotein (DSPP), dentin matrix protein 1 (DMP-1) and matrix
extracellular phosphoglycoprotein (MEPE).

DSP and DPP are cleaved products of DSPP, which is a highly phosphorylated

noncollagenous protein secreted by odontoblasts and is a dentin-specific marker °.
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However, DSPP is also expressed in bone '". Western blots and RT-PCR indicated that
DSPP gene is expressed at a lower level in bone than in dentin (1/400). Therefore,
DSPP may act as a phenotypic marker of odontoblast-like differentiation.

DSPP and DMP-1 are expressed by differentiating odontoblasts '® '*%. The presence of
DMP-1 and DSPP in functional odontoblasts prior to mineralization is consistent with the
hypothesis that both DMP-1 and DSPP play a role in the mineralization of dentin '®.
MEPE is a member of bone matrix protein family and involved in regulation of bone

metabolism 2" 2

. Bone marrow mesenchymal stem cells cultured in osteoinduction
medium increased MEPE mRNA expression in a time-dependent manner " 2. However,
the expression of mMRNA MEPE in dental pulp stem cells has been showed contradictory
data. According to Liu et al. (2005) ?® MEPE is downregulated as dental pulp stem cells
differentiated, while DSP was upregulated. Otherwise, quantitative RT-PCR revealed
that DSPP and MEPE expression increased time dependently in induction cultures,
showing a similar regulatory pattern in dental pulp stem cells differentiation 2.

In our in vitro experiment, DSPP, DMP-1 and MEPE markers appeared after 14 days,
following the SHED differentiation. However, the in vivo experiment revealed differences
in temporal gene expression. Differentiation markers were detected after 14 days of
tooth-slice scaffold implantation. DMP-1 marker was found in cells when the tooth-slice
scaffolds were treated with EDTA or even when no dentin treatment was performed.
MEPE positive cells were only found in tooth-slice scaffolds treated with EDTA, and no
DSPP expression was found in 14 days transplantation. The transcripts for the three
markers were detected after a 28-day period. In a previous study, DPSCs were
transplated in conjunction with HA/TC powder into immunocompromiced mice. After 6
weeks post transplantation, DSPCs generated a dentin-like-structures lining the HA/TC
surfaces. Furthermore, the DPSC transplants expressed transcripts for DSPP.
Comparing the results of the both time course assays (in vitro and in vivo) revealed a
“‘delay” of differentiation markers expression when the RNA was collected from the
implants. The differences observed might be related with lack of nutrients that the
transplanted cells were exposed to at first. Even using Matrigel, a soluble extract of
basement membrane loaded with proteins that serve as a source of nutrients for cell
survival, and seeding a higher number of cells (5x10°), a significant proportion of these
cells usually die during the transplantation procedures.

The results of cell proliferation assay showed that the number of cells decreased

following the temporal expression of odontoblast differentiation markers. SHED cultured
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in tooth-slice scaffolds treated with EDTA or untreated reached a peak value on day 14,
and then decreased, corroborating with the results of time course in vitro differentiation.
The other groups, tooth-slice scaffolds NaOCI treated and PLLA sponge scaffold,
continued their proliferation until 21 and 28 days, respectively.

Under clinical perspectives, the transition from deciduous to permanent teeth is an
exclusive physiologic event in which the formation and eruption of permanent teeth is
coordinate with resorption of the roots of primary teeth . This process occurs in 6 to 12
year old children. At this age, the prevalence of dental trauma is high and frequently

leads to an irreversible pulp inflammation or necrosis %

. Pulp necrosis in young
permanent teeth stops the dentin formation and results in incomplete vertical and lateral
root development ?°. The current endodontic available treatment (i.e. calcium hydroxide
followed by canal fulfilment with gutta-percha) eliminates the bacterial infection, but
does not allow for completion of root formation, resulting in a fragile root tooth structure
with thin lateral walls susceptible to fracture by secondary trauma.

The future goal for regenerative endodontics, under a biological perspective, will be
using the cells from own patient (available sources) associated with biodegradable
materials (scaffolds) created inside the endodontic canal of a young traumatized
permanent tooth, in order to recovery the vitality and the function. Here we showed that
scaffolds built inside the toot-slice cavity and seeded with SHED provide an adequate
environment for cell growth and differentiation, increasing the perspectives to use this

model to study dental pulp regeneration.

Conclusions

- Tooth-slice scaffold model provides an adequate environment for SHED growth
and differentiation;

- RT-PCR demonstrated that SHED cultured in tooth-slice scaffolds (in vitro and in
vivo) altered their genetic expression during the time course;

- Cell proliferation rate was reduced following the SHED differentiation;

- The overall findings demonstrated that untreated or EDTA treated dentin allowed
for the differentiation processes, while the pre-treatment with sodium hypochlorite

exhibited an inhibitory effect, preventing the SHED differentiation.
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Table 1. Proliferation of SHED cultured in the tooth-slice scaffold model. Means of

optical density measured in a time course assay.

Time Group
(days) PSS NaOCI WO-T EDTA
Mean sd Mean sd Mean sd Mean sd
7 0,980°® 0,023 | 0,617 0,016 | 0,594”° 0,021 | 0,590 0,013
14 1,402 0,018 | 0,911* 0,050 | 0,720”° 0,047 | 0,682"° 0,029
21 1,778" 0,082 | 1,012”° 0,081 | 0,684"° 0,067 | 0,548"° 0,059
28 1,882 0,090 | 0,988"° 0,082 | 0,514”° 0,058 | 0,406%° 0,017

One-way ANOVA followed by Tukey'’s test. Means followed by uppercase in the columns and lowercase in the lines show
the statistical differences.
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Figure 1. (A) Tooth-slice scaffold model to study the SHED differentiation. PLLA
scaffolds were built inside the pulp chamber of tooth-slices. Cells (5x10*) were seeded in
the tooth-slice scaffold with different dentin pre-treatment (NaOCl or EDTA), no
treatment (WO-T), or in a PLLA sponge scaffold without tooth-slice (PSS), and cultured
in 24-well plate (arrow indicates cells growing inside the scaffold porous). (B) To
evaluate the SHED proliferation, the WST-1 proliferation assay was preformed after 7,
14, 21 and 28 days. SHED cultivated in PSS showed higher rate of proliferation
compared to NaOCI, WO-T and EDTA groups (p<0.05). After 14 days, SHED cultivated
in TSS NaOCI treated presented bigger proliferation rate than cells cultured in TSS WO-
T and TSS EDTA treated (p<0.05). (C) To analyze the expression of odontoblast
differentiation markers by SHED cultured in tooth-slice scaffolds under different dentin
pre-treatments, RNA was collected by Tryzol® and RT-PCR was performed after different
periods (7, 14, 21 and 28 days). DSPP, DMP-1 and MEPE positive cells were found in
tooth-slice scaffolds treated with EDTA or WO-T after 14 days and maintained the
expression up to 28 days. No reactivity of differentiation markers was found in tooth-
slices treated with NaOCI or in PLLA sponge scaffolds.
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Figure 2. (A) Tooth-slice scaffold model to study in vivo SHED differentiation (schematic
diagram). (B and C) SHED (5x10%) were seeded in PLLA biodegradable scaffold
prepared inside the pulp chamber of dentin disks. The tooth-slice scaffolds containing
cells were transplanted into SCID mice. (D) After 14 and 28 days, the implants were
retrieved and RNA was collected by Tryzol® and RT-PCR was performed using DSPP,
DMP-1 and MEPE human primers. (E) Transcripts for DMP-1 were found in TSS treated
with EDTA or WO-T after 14 days. MEPE positive cells were only found in TSS treated
with EDTA. After 28 days, differentiation markers (DSPP, DMP-1 and MEPE) were found
both in EDTA and WO-T groups. No expression of the odontoblast differentiation
markers was found when the cells were seeded in the tooth-slice NaOCI treated or in
PLLA sponge scaffold groups.
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Abstract

Tissue engineering is based on the triad cells, signals and scaffolds. Here we used stem
cells from human exfoliated deciduous teeth (SHED) seeded into tooth-slice scaffolds
(TSS) to study the role of dentin-derived BMPs on cells differentiation. Dentin disks (1
mm thickness) were prepared from freshly extracted non-carious human third molars.
Biodegradable highly porous poly-L-latic acid (PLLA) scaffolds were fabricated inside the
pulp cavity of the tooth-slices. To verify the dentin-derived BMPs bioactivity, SHED
(5x10%) were cultured in TSS in the presence of 2 pg/ml of anti-human BMP-2, -4, and -7
antibodies for 14 days. Cells cultured in PLLA sponges scaffolds with no tooth-slice
(PSS) and in TSS EDTA treated (without antibodies) were used as controls. Additionally,
SHED (5 X10°) cultured in 24-well plate were treated with 100ng/mL of rhBMP-2; -4; or -
7 for 24 hours. RNA was collected with Tryzol® and RT-PCR was performed to evaluate
the expression of odontoblast differentiation markers (DSPP, DMP1 and MEPE). BMP-
2/4Ab prevented the expression of differentiation markers and no inhibitory effect was
detected for BMP-7Ab. After 24 hours, expression of DSPP, DMP-1 and MEPE was
found in SHED treated by rhBMP-2, and DSPP and DMP-1 for rhBMP-4 and rhBMP-7,
but not for untreated cells. The results suggest that the dentin-derived morphogenic
signals BMP-2 and -4 play an important role in dental pulp stem cell differentiation in a
TSS model.
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Introduction

Dentinal repair occurs through the activity of specialized cells, called odontoblasts, which
are thought to be maintained by as undefined precursor population associated with pulp
tissue '. Studies have shown that the dental pulp from both permanent and deciduous
teeth contains a progenitor cell population capable of self-renewal and multi-lineage
differentiation 4.

Moderate carious lesions stimulate the secretory activity of the odontoblasts resulting in
reactionary dentine " °, while deep cavity preparation or severe carious lesions may lead
to partial destruction of the odontoblastic layer. These conditions attract pulp cells to the
injury site promoting their differentiation into odontoblast-like cells to replace the necrotic
odontoblasts and secrete a reparative dentine matrix °.

Although the mechanisms underlying the reparative dentin formation have not been
complete elucidated, many growth factors and extracellular matrix proteins, such as
bone morphogenetic proteins (BMPs), play an important role to induct progenitors cells
differentiation after pulp injury " °.

Bone morphogenetic proteins are members of the transforming growth factor B (TGF-B)
superfamily, that were originally identified as protein regulators of cartilage and bone
formation and have been involved in embryogenesis and morphogenesis of various
organs and tissues, including teeth '°. Human recombinant bone morphogenetic proteins
(rhBMP-2, rhBMP-7) induce dentinogenesis " ® ° ''. Recently, it was discovered that
dentin extracts induce differentiation of dental pulp stem cells '2. However, the role of the
dentin-derived (not recombinant proteins) BMP-2, BMP-4 or BMP-7 on the differentiation
of dental pulp stem cells is not fully understood. The purpose of this study was to
analyze the effect of dentin-derived bone morphogenetic proteins on SHED

differentiation.

Materials and Methods

- Cell culture - Stem Cells from Human Exfoliated Deciduous Teeth (SHED) and Dental
Pulp Stem Cells from permanent teeth (DPSC) were provided by Dr. Songtao Shi from
the Dental Biology Unit, Craniofacial Skeletal Diseases Branch (NIH Bethesda, MD).
SHED and DPSC were cultivated in Dulbecco’s Modified Eagle Medium (DMEM) low
glucose (Gibco, Invitrogen, Grand Island, NY, USA) containing 10% fetal bovine serum
(FBS) ES cell qualified (Gibco, Invitrogen, Grand Island, NY, USA) and 1% penicillin-
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streptomycin solution (Gibco, Invitrogen, Grand Island, NY, USA) incubated at 37° C in
5% CO,. Fibroblast cells, derived from dental pulp, were retrieved by overgrowth
method. Fibroblasts, MG-63 and UMSCC 11A were cultured with DMEM high glucose
(Gibco, Invitrogen, Grand lIsland, NY, USA) supplemented by 10% FBS and 1%
antibiotics. Human Dermal Microvessel Endothelial Cells (HDMEC) were cultured in
EGM2-MV (Cambrex, Walkersville, MD, USA).

- Protein extraction and western blot - Cells were removed with 0.25% trypsin-EDTA,
lyzed in a buffer system (NP-40 protein lysis buffer) sonicated, centrifuged and the
supernatant was collected. This protein was quantified in an ELISA multiplate reader
(TECAN, Genius) using a wavelength of 585nm (Magellan program).

Each sample (20uL) was added to a Mix buffer (4X Load buffer and 0.5M DDT) and
incubated at 90-95° C for 5 minutes. The samples were separated on a 10% NuPAGE
gel (Invitrogen), transferred onto polyvinylidene fluoride membranes and blocked with
5% (w/v) non-fat dry milk in TBST for 1 hour at room temperature. The membranes were
then incubated at 4°C overnight with the following antibodies against specific human
proteins: Monoclonal Anti-human BMPR-IA antibody (MAB2406, R&D Systems, Inc);
Monoclonal Anti-human/mouse BMPR-IB/ALK-6 antibody (MAB505, R&D Systems, Inc);
and Monoclonal Anti-human BMPR-II antibody (MAB811, R&D Systems, Inc). All
antibodies were reconstituted with sterile phosphate buffered saline (1X PBS) and used
in a 1:500 dilution. The membranes were then washed (TBST) and incubated with anti-
mouse IgG for 2hs at room temperature, followed by being washed and reacted with
color development Super Signal West Pico Chemiluminescent Substrate (Pierce
Biotechnology, Inc Rockford, IL) according to the manufacturer's recommendations.
Signals were visualized with Kodak BIOMAX MR films (Kodak, Rochester, NY, USA).

- Sample collection - Freshly extracted non-carious human third molars were collected
from 17 to 23 years old patients in the Department of Oral Surgery (School of Dentistry,
University of Michigan, USA). Soft tissues were removed with a periodontal scalpel and
the teeth were disinfected with 70% ethanol and kept in 1X PBS at 4°C.

- Preparation of tooth-slices scaffolds (TSS) - Third molars were sectioned
transversally at the cement-dentin junction (1 mm thickness) with a diamond saw (MK-
303 Professional; MK Diamond Products, Calais, ME, USA) with coolant (1X PBS). Pulp
tissue was carefully removed from the slices to prevent pre-dentin layer damage. Poly-L-
latic acid solution (Boehringer Ingelheim, Germany) was prepared using 1g of PLLA

particles dissolved into 20 ml of chloroform (5% wi/v). The pulp cavities were filled up
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with 250 - 450 ym sieved sodium chloride (NaCl) and soaked up the PLLA solution,
previously dissolved with chloroform. After polymerization, the salt was removed by
distilled water, changed 4 times during 1 day.

- Experimental and control groups - The specific effect of dentin-derived BMP-2, -4
and -7 on SHED differentiation was evaluated using 2 ug/ml of anti-human BMP-2/4
antibody (MAB3551, R&D Systems), or 2 ug/ml anti-human BMP-7 antibody (MAB3541,
R&D Systems), which was added to the culture medium to neutralize the dentin-derived
BMP’s bioactivity. The culture medium and the neutralized antibodies were changed
every other day during 14 days. Three experimental groups were tested: G1 — SHED-
TSS culture in presence of BMP-2/4Ab; G2 — SHED-TSS culture in presence of BMP-
7Ab; and G3 — SHED-TSS culture in presence of BMP-2/4Ab and BMP-7Ab associated.
SHED cultured in PLLA sponge scaffolds without dentin-slices (PSS) and TSS treated
with EDTA (without antibody) were used as negative and positive control, respectively.

- Cell seeding - The day before the cell seeding, all the TSS and PSS were disinfected
and hydrofilized with sequential concentrations of ethanol (100%, 90%, 80% and 70%),
immersed for 20 minutes in each concentration. They were washed with sterile 1X PBS
for 1 hour and stored at 4° C overnight. SHED (5 x 10 cells in 20ul suspension) were
seeded into each PSS or TSS (Figure 1). Samples were kept for 45 min into the
incubator (37° C in 5% CO,) for initial cell attachment to scaffolds. Culture medium
(500uL) was added to each well plate and the samples incubated. The culture medium
was changed every other day until RNA extraction was performed.

- Recombinant human bone morphogenetic protein (rhBMP-2, -4 and -7) - SHED (5
X10°) were cultured in a 24-well plate (37° C in 5% CO,) and after they reached 80%
confluency they were treated with 100ng/mL of recombinant bone morphogenic proteins
(G1: rhBMP-2; G:2 rhBMP-4; G:3 rhBMP-7 and Control: no treatment). After 24hs, the
RNA was collected and RT-PCR performed.

- RNA extraction and RT-PCR - The culture medium was aspirated and the samples
were washed with 1X PBS. Trizol® was placed into each well plate for 5 minutes.
Scaffolds were collected in 1.0ml Trizol®, vortexed thoroughly; chloroform (200ul) was
added and the samples were vortexed again. The samples were centrifuged for 15
minutes (13.000 RPM at 4°C). RNA was precipitated with isopropanol (500ul), washed
with 75% ethanol (500ul) and dissolved in nuclease free water (20ul). The quantity and
quality (A260/A280) of RNA was measured by a spectrophotometer (DU 640, Beckman
Coulter — CA, USA). Total RNA (0.2ug) was used in a RT-PCR (SuperScript™ IlI
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Platinum®, Invitrogen) with a 54 pL reaction system including 24 uL DDW, 25 uL 2X
Reaction Mix, 1 uL Taq Polymerase, 1 uL sense and 1 uL anti-sense and 2 uL template.
The human-specific sense and anti-sense primers were designed according to published
cDNA sequences of GenBank, and GAPDH (sense 5' gaccccttcattgacctcaact 3,
antisense 5’ caccaccttcttgatgtcatc 3’; 683 bp) was used as house-keeping gene to
normalize RNA expression. SHED differentiation was monitored for three odontoblasts
markers: (DSPP) dentin sialophosphoprotein (sense 5’ gaccccttcattgacctcaact 37,
antisense 5’ tgccatttgctgtgatgttt 3’; 181 bp), (DMP-1) dentin matrix protein one (sense
5’'caggagcacaggaaaaggag 3', antisense 5’ ctggtggtatcttgggcact 3’; 213 bp) and (MEPE)
matrix extracellular phosphoglycoprotein (sense 5’ gcaaaagcacccatcgtatt 3’, antisense 5’
ctgccctctacaaggcetgac 3’; 385 bp). RNA collected from human odontoblasts (fresh third
extracted molars) was used to control for DSPP, MEPE and DMP-1 expression. The
following Polymerase Chain Reaction (PCR) cycles was used: denaturation, 94°C for
45s; annealing, 57°C for 45s; and extension, 72°C for 60s, for 35 cycles, then 72°C for 5
min and hold in 4°C. The PCR products were separated by using 1.5% agarose gel
electrophoresis and were stained with ethidium bromide; digital images were taken using
an ultraviolet background. Three independent experiments were performed to verify the

reproducibility of results.

Results

BMPs receptors expressed by dental pulp cells — The bone morphogenetic protein
(BMP) receptors are a family of transmembrane serine/threonine kinases that include
the type | receptors (BMPRIA and BMPRIB — 50/55 KDa) and the type Il receptor
(BMPR2 — 70/80 KDa). The expression of BMPs receptors was characterized by
western blot (Figure 2). HDMEC, MG-63 and UM SCC 11A were used as controls for
BMPs receptors expression. The dental pulp cells (SHED, DPSC and fibroblast)
characterized by western blot expressed the three BMPs receptors, BMPR-IA, BMPR-IB
and BMP-II.

Effect of rhBMP-2, -4 and -7 on SHED mRNA expression — In an attempt to find
correlating evidence regarding BMP induced SHED differentiation, we tested whether
rhBMPs could stimulate the expression of odontoblast differentiation markers (DSPP,
DMP-1 and MEPE) in stem cells from human exfoliated deciduous teeth. RT-PCR
analysis revealed the expression of human DSPP and DMP-1 markers for rhBMP-2,
rhBMP-4 and rhBMP-7. Transcripts for MEPE were only detected in cells treated with

41



rhBMP-2 (Figure 3). Human dental pulp stem cells without rhBMP treatment did not
express RNA differentiation markers.

Effect of dentin-derived morphogenic BMPs on SHED differentiation — This
experiment determined the availability and bioactivity of dentin inducers in the stem cell
differentiation. SHED cells were seeded into tooth-slice scaffolds and cultured for 14
days in the presence of BMP neutralizing antibodies. RT-PCR analysis showed no
expression of differentiation markers (DSPP/DMP-1/MEPE) when BMP-2/4Ab was
added to the culture medium. When BMP-7Ab was added to the culture medium, the
expression of differentiation markers (DSPP, DMP-1 and MEPE) was detected by RT-
PCR showing similar pattern than that observed in the tooth-slice scaffolds treated with
EDTA. Human dental pulp stem cells seeded into PSS (no addition of neutralized
antibodies) did not express transcripts for human DSPP, DMP-1 or MEPE (Figure 4).

Discussion

The goal of conservative endodontics treatments is to restore or regenerate the dentin-
pulp-complex in order to maintain the vitality and function of teeth. Calcium hydroxide-
based agents has been used as direct pulp capping material because it can stimulate
pulpal tissue to produce reparative dentin, however the quality of the newly formed
dentin is questionable since dentin is often porous .

In an attempt to apply more biological approaches in conservative treatments of pulp
tissue, new techniques and technologies have been suggested. Since the recent
approval of using BMPs for bone healing in fractures by the US Food and Drug
Administration, the application of bioactive molecules in endodontics and periodontal
surgery assumed relevant issue of research and became a potential clinical treatment
approach in the near term.

At least four distinct families of morphogens are involved in embryonic craniofacial
morphogenesis, but BMPs seems to be sufficient for dental tissue regeneration '*. The
role of BMPs in dental tissues has been intensively studied. The morphogens BMP-2,
BMP-4, BMP-6, BMP-7 and Gdf11 are inductive signals that act as growth/differentiation
factors during odontoblast differentiation. The expression of BMP-2 is upregulated during
the terminal differentiation of odontoblasts ® . BMP-7 has been shown to promote
reparative dentinogenesis and pulp mineralization in animal model ' '®. Recombinant
human bone morphogenetic proteins (rhBMP) have shown to induce

reparative/regenerative dentin formation in vivo 8% °.
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The response of dental pulp cells to BMPs suggests that the cells present receptors for
these bioactive molecules. The bone morphogenetic protein receptors (BMPR) are a
family of trans-membrane serine/threonine kinases that include the type | receptors
(BMPR-IA and BMPR-IB - 50-55 kD), and the type Il receptor (BMPR-II - 70-80 kD). In
the present study, the dental pulp cells (SHED, DPSC and fibroblast) characterized by
western blot expressed the BMPR-IA, BMPR-IB and BMP-II receptors.

To verify the influence of rhBMP and dentin-derived BMPs on SHED differentiation, RT-
PCR was used for expression of odontoblast differentiation markers: dentin sialo-
phosphoprotein (DSPP), dentin matrix protein 1 (DMP-1) and matrix extracellular
phosphoglycoprotein (MEPE). DSPP is a phosphorylated parent protein that is cleaved
post-transcriptionally into two proteins, dentin sialoprotein (DSP) and dentin

17, 18

phosphoprotein (DPP) . DSPP expression is well established as a marker of
odontoblastic differentiation > 2> #'. Indeed, DSPP was used by Songtao Shi and his
research group during the initial characterization of the dental pulp stem cell % *. The
same group has also used DSPP to differentiate the processes of dentinogenesis,
induced by these cells, from osteogenic processes induced by bone marrow stromal

22

stem cells ““. Recent studies have shown that DSPP gene is expressed in bone,

although DSPP expression is at a much lower level in osteoblasts than in odontoblast-

24, 25

like cells [1/400] . DMP-1 is expressed by differentiating odontoblasts and plays a
role in the mineralization of dentin since the expression of DMP-1, as well as DSPP, that
was detected in functional odontoblasts prior to mineralization 2. MEPE is a member of

27, 28 and

bone matrix protein family and involved in regulation of bone metabolisms
recently was found being expressed in the early odontoblast-like differentiation,
increased time dependently in induction cultures %°.

In the present research SHED were tested whether rhBMPs could stimulate the
expression of odontoblast differentiation markers. No transcripts for DSPP, DMP-1 or
MEPE were detected in control group (untreated cells). In contrast, the treatment of
rhBMP-2, rhBMP-4 and rhBMP-7 on SHED revealed the expression of human DSPP
and DMP-1, but transcripts for MEPE were only detected in cells treated with rhBMP-2.
The results suggest that the SHED may be more reactive to BMP-2, since the same
amount of recombinant protein was used for all tested groups.

Studies have been shown that the dentin matrix contains a cocktail of bioactive
molecules that once incorporated within dentin matrix during odontogenesis, these

molecules become “fossilized” and retain their biological activity ***'. A variety of growth
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factors, such as TGF, VEGF, IGF, have been identified in dentin, but members of TGF-$
have been implicated in signalling odontoblast differentiation during tooth development
%2 The tubular structure of dentin confers significant permeability properties on the tissue
¥ and demineralization caused by carious process and dentin matrix degradation
products may diffuse through the dentinal tubules and cause cellular responses. This
involves a sequence of cellular events including cell recruitment, cytodifferentiation, and
subsequent activation or up-regulation of the secretory activity of the cells, producing
mineralized matrix **.

In the present study it was used EDTA to mobilize the bioactive protein from dentin.
Studies have shown that EDTA can successfully retrieve growth factors from dentin and
make them more available for induction of differentiation of dental pulp cells ** ¢. More
recently, it was discovered that dentin extracts after EDTA treatment induce
differentiation of dental pulp stem cells (Liu et al., 2005). However, the isolate effect of
EDTA-soluble dentin matrix on progenitor dental pulp cells differentiation and
mineralization remains unclear once the cells were cultured with a mineralization
supplement (ascorbic acid, B-glycerophosphate) associated with dentin extracts.

To evaluate the effect of dentin-derived soluble BMPs on dental pulp stem cell
differentiation we used the tooth-slice model that has already been used to study the
human dental pulp angiogenesis *’. In a time course assay (unpublished data) the stem
cells from human exfoliated teeth seeded into tooth-slice scaffolds EDTA treated started
to express the odontoblast differentiation markers (DSPP, DMP-1 and MEPE) after 14
days in culture (in vitro). It is import highlight that no mineralization supplement, that
induces stem cell differentiation, was used in the culture medium.

In the present study we used the same tooth-slice scaffold model to culture SHED at the
presence of neutralized antibodies in the culture medium. The purpose of using these
systems was to neutralize the effect of dentin-derived soluble BMPs molecules that are
involved in dental pulp stem cell differentiation. The RT-PCR analysis showed no
expression of DSPP, DMP- and MEPE markers when BMP-2/4Ab was added to the
culture medium. However, in the BMP-7Ab group, the expression of these markers was
detected and was shown to follow the pattern presented by SHED cultured in the tooth-
slice scaffolds treated with EDTA (without antibodies). No expression of differentiation
markers was found for the group where cells were seeded and cultured into PLLA
sponge scaffolds. The results suggest that the dentin-derived morphogenic signals BMP-

2 and BMP-4 play an important role in dental pulp stem cell differentiation. It was the first

44



to use the tooth-slice scaffold model to demonstrate the effect of dentin-derived growth
factors on dental pulp stem cell differentiation.

Conclusions
- The dental pulp cells (SHED, DPSC and fibroblast) characterized by western blot
expressed the BMPs receptors;
- The treatment of SHED by rhBMP-2, -4 and -7 promoted the SHED
differentiation;
- BMP-2/4Ab prevented the differentiation markers expression and no inhibitory

effect was detected when SHED were cultured in presence of BMP-7Ab.
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Figure 1. Tooth-slice scaffold model to study the effect of dentin derived morphogens on
dental pulp stem cell differentiation. (A) PLLA scaffolds were built inside the pulp
chamber of dentin slices obtained from extracted 3™ molars. (B) SHED were cultured in
DMEM low glucose (supplemented by 10% FBS and 1% antibiotics) and seeded (5x10°
cells/scaffold) into sponge scaffolds (C) or tooth-slices scaffolds (D).
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Figure 2. Western blot of BMP receptors expressed by dental pulp cells. SHED, DPSC
and fibroblast expressed the BMP-IA, BMP-IB and BMP-II receptors. MG-63, UM-SCC
11A and HDMEC were used as controls.
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Figure 3. RT-PCR analysis of rhBMP effects on SHED differentiation. Cells were
cultured for 24hs in the presence of recombinant rhBMP-2, rhBMP-4 and rhBMP-7
(100ng/mL). Expression of DSPP, DMP-1 and MEPE was found for rhBMP-2, and DSPP
and DMP-1 for rhBMP-4 and rhBMP-7 treated SHED, but not for untreated cells (WO-T).
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Figure 4. RT-PCR of SHED cultured in tooth-slice scaffolds treated with BMPs
neutralizing antibodies. Cells were cultured for 14 days in the presence of neutralizing
antibodies BMP-2/4Ab, BMP-7Ab or BMP-2/4Ab and BMP-7Ab (10ug/mL). No
expression of odontoblast differentiation markers (DSPP, DMP-1 and MEPE) was found
when BMP-2/4Ab was added to the culture medium. However, in the BMP-7Ab group,
the expression of these markers followed the differentiation pattern presented by SHED
cultured in the tooth-slice scaffolds treated with EDTA.
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5. CONSIDERACOES FINAIS

No presente trabalho, principios de engenharia tecidual foram
empregados para o estudo da diferenciacdo das SHED em células tipo-
odontoblasticas. Para permitir a semeadura e o cultivo celular, uma matriz
polimérica biodegradavel foi construida dentro da cavidade pulpar de fatias
dentais humanas. Essa matriz a base de acido poli-L-latico (PLLA) proporcionou
um ambiente favoravel a proliferacdo e diferenciagdo celular. Um modelo
utilizando fatia-dental demonstrou ser adequado para o estudo da angiogénese
da polpa dental (GONCALVES et al., 2007).

No modelo fatia-dental/matriz-polimérica, as moléculas bioativas
responsaveis pela indugao da diferenciagao celular foram fornecidas pela matriz
dentinaria, reconhecida como um “reservatorio” de fatores de crescimento
(FINKELMAN et al., 1990; RUCH et al., 1995). O EDTA tem sido utilizado para
mobilizar os fatores de crescimento de matrizes mineralizadas (GRAHAM et al.,
2006). No presente estudo o emprego do EDTA demonstrou ser um bom
solubilizador de moléculas bioativas dentinarias.

A RT-PCR revelou que as SHED alteraram sua expressdo genética
durante o curso do tempo (7, 14, 21 e 28 dias). As células que foram cultivadas
in vitro, em fatias dentais tratadas com EDTA ou, mesmo sem tratamento,
comegaram a expressar os marcadores de diferenciagao odontoblastica (DSPP,
DMP-1 e MEPE) apés 14 dias, mantendo esse padrdo durante o periodo
experimental (21 e 28 dias). De acordo com Beltz, Torabinejad e Pouresmail

(2003), 5.25% de solucdo de NaOCI foi capaz de dissolver completamente o
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conteudo organico dentinario. No grupo onde foi utilizado o NaOCI para remogao
dos componentes organicos dentinarios, ou quando apenas a matriz polimérica
sem a fatia dental foi utilizada, ndo foi observado a expressdo dos marcadores
de diferenciagéao.

Os resultados sugerem que a presenga da dentina seja suficiente para
promover um microambiente favoravel a diferenciagdo celular. Outro fator que
pode ter contribuido para esse processo, nos grupos onde a dentina nao
recebeu tratamento, € a composicdo de natureza acida da matriz polimérica
utilizada no interior da cavidade pulpar das fatias dentais. Essas estruturas
poliméricas (PLLA) liberam acido como produto de sua degradagao, o que pode
ter promovido um condicionamento da pré-dentina, mobilizando os fatores de
crescimento dentinario.

Avaliando o ensaio de proliferagao celular (WST-1), as células cultivadas
em matrizes poliméricas onde as fatias dentais receberam o tratamento de
EDTA, ou mesmo quando a dentina permaneceu sem tratamento, demonstraram
a reducao do indice de proliferacdo a partir dos 14 dias, quando comparados
com os grupos onde a dentina foi tratada com NaOCI ou quando foi utilizado a
matriz polimérica sem a fatia dental. Os resultados do estudo de proliferagcao
complementam os de diferenciacéo, pois sustentam a hipotese de que a partir
da diferenciagdo (expressao dos marcadores de diferenciagdo), as células
cessam a divis&o.

Segundo Nakashima e Reddi (2003), as proteinas morfogenéticas dsseas

(BMPs) sao suficientes para promoverem a regeneragao dos tecidos dentais,
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embora quatro grupos distintos de fatores de crescimento estejam envolvidos
com o desenvolvimento cranio-facial.

Para verificar a influéncia das BMPs dentinarias sobre a diferenciagao das
SHED, o modelo fatia-dental/matriz-polimérica foi associado com anticorpos
especificos para BMPs. O propdsito da utilizagdo de anticorpos de neutralizagao
no meio de cultura foi de bloquear e identificar o efeito das BMPs dentinarias
sobre as SHED.

A analise da expressao dos marcadores de diferenciagao, (DSPP, DMP-1
e MEPE) apds 14 dias em cultura in vitro, demonstrou que o BMP-2/4Ab exerceu
um efeito inibitério quando adicionado ao meio de cultura, pois nenhuma
expressdao dos marcadores de diferenciagdo foi identificada. Entretanto, na
presengca de BMP-7Ab, as células passaram a expressar DSPP, DMP-1 e
MEPE, apresentando um padrdo de expressdo semelhante ao grupo onde as
fatias-dentais/matrizes-poliméricas foram tratadas com EDTA. Os resultados
sugerem que as proteinas morfogenéticas 6sseas BMP-2 e BMP-4 tém um
papel mais importante na diferenciagao de células-tronco pulpares ou, estdo em
maiores concentragdées na matriz dentinaria que a BMP-7, uma vez que a
mesma concentracao de anticorpos foi utilizada para o tratamento.

Os resultados do presente estudo demonstraram a viabilidade do cultivo
de células-tronco pulpares em matrizes poliméricas construidas no interior da
cavidade pulpar de fatias dentais. O modelo fatia dental/matriz polimérica

proporcionou um microambiente favoravel ao crescimento e diferenciagao
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celular, constituindo-se em uma ferramenta para futuros estudos de regeneragao

do orgao pulpar.

6. PERSPECTIVAS

A ocorréncia de acidentes envolvendo os elementos dentais € bastante
comum na populagdo. Ambas as denti¢cdes, decidua e permanente, podem estar
envolvidas. As sequelas de um dente avulsionado ou fraturado é bastante
marcante, tanto em nivel funcional e estético, como psicolégico (BEZERRA e
TOLEDO, 2005). O comprometimento pulpar em casos de traumatismo dental
pode ser de carater transitério ou permanente.

A ocorréncia de necrose pulpar pode variar de 85-96% em dentes
avulsionados e de 70-100% em dentes que sofreram intrusdo (ANDREASEN &
ANDREASEN, 1994). Apesar das alternativas terapéuticas demonstrarem um
bom indice de sucesso clinico e radiografico, os dentes endodonticamente
tratados tém sua resisténcia mecéanica reduzida pelo preparo biomecanico.
Dentes permanentes jovens com rizogénese incompleta, que sofreram necrose
pulpar, invariavelmente terdo sua estrutura fragilizada pela interrup¢do no
processo de dentinogénese. O tratamento disponivel atualmente, baseado em
trocas de hidroxido de calcio e preenchimento do canal endoddntico com guta-
percha, elimina a infeccdo bacteriana, mas nao permite a formacao radicular
completa. Dessa forma, a ocorréncia de traumas secundarios pode resultar em
fratura radicular com necessidade de exodontia.

A partir da descoberta que células-tronco de alta qualidade podem ser
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extraidas da polpa dental, inclusive de dentes deciduos esfoliados, aumentaram
as possibilidades para a regeneragdao do complexo dentino-pulpar em dentes
endodonticamente comprometidos.

Sob perspectivas clinicas, a transicdo da denticdo decidua para
permanente € um evento fisioldogico unico onde a erupgdo dos dentes
permanentes ocorre coordenadamente com a reabsorgédo das raizes dos dentes
deciduos (MIURA et al., 2003). A fase da denticao mista ocorre em criangas de 6
aos 12 anos de idade. Nesse periodo, a prevaléncia de traumas é alta, e no
caso de uma avulsdo com consequéncias pulpares, a situacdo do remanescente
dental seria mais favoravel para a regeneracéo do 6rgéo pulpar, pois o apice
dental ainda se encontra com uma abertura foramidal favoravel a
revascularizagdo (ROBERTS & LONGHURST, 1996), além do paciente possuir
dentes deciduos em processo de esfoliacdo, potenciais doadores de células-
tronco para a terapia celular.

Com os avancgos cientificos referentes a biologia molecular e celular, bem
como na area da engenharia tecidual, talvez em um futuro ndo muito distante, a
regeneracao do 6rgao pulpar em dentes permanentes jovens seja uma realidade
clinica, onde células associadas a matrizes biodegradaveis e fatores de
crescimento serdo inseridos no interior do conduto endodbntico para o

restabelecimento da vitalidade, funcao e estética.
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7. CONCLUSOES

Matrizes poliméricas confeccionadas no interior da cavidade pulpar de
fatias dentais de dentes permanentes promoveram um microambiente
favoravel para o crescimento e diferenciagdo das SHED;

A RT-PCR demonstrou que as SHED alteraram sua expressido genética
durante o curso do tempo quando cultivadas in vitro e in vivo em matrizes
poliméricas no interior de fatias dentais;

O indice de proliferagcao celular foi influenciado pelo tipo tratamento
dentinario, diminuindo com a diferenciacao celular;

Os sinais morfogenéticos dentinarios (BMP-2/4), no modelo fatia-
dental/matriz-polimérica, desempenham um papel importante na

diferenciagao de células tronco pulpares.
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