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Resumo 

 

 

A Remoção Seletiva de Tecido Cariado (RSTC) consiste na manutenção de uma dentina 

contaminada sob o material restaurador, com o objetivo de evitar a exposição da polpa e 

manter a sua vitalidade. A interação dos metabólitos bacterianos com os resíduos 

inflamatórios, provenientes do processo carioso e do procedimento restaurador, sinaliza 

e modula o processo de formação de dentina terciária. Células mesenquimais 

indiferenciadas presentes na polpa participam desse reparo, migrando, proliferando e 

diferenciando-se em células tipo-odontoblasto que passam a secretar matriz dentinária. 

Entretanto, permanece incerto como essas interações podem afetar a manutenção  de 

células-tronco mesenquimais (CTMs) presentes na polpa de dentes decíduos (SHEDs). O 

presente estudo teve como objetivo avaliar o efeito da RSTC nas características 

imunofenotípicas, no potencial de diferenciação e proliferação celular apresentadas por 

SHEDs. Células da polpa de dentes decíduos hígidos (n=9) e com RSTC (n=3) foram 

isoladas e cultivadas. Para caracterização imunofenotípica, células incubadas com os 

anticorpos CD14, CD29, CD34, CD45, CD73, CD90, CD105, CD184, HLA-DR e 

STRO-1 foram avaliadas por citometria de fluxo. A capacidade de diferenciação celular 

foi avaliada através da indução das células em linhagens adipogênica, osteogênica e 

condrogênica. Para mensuração da viabilidade e proliferação celular, foi realizado o 

ensaio de MTT nos dias 1, 3 e 7. A taxa de sucesso no isolamento foi de 66,6% e 100% 

para as culturas de dentes hígidos e com RSTC, respectivamente. Não houve diferença 

estatisticamente significativa entre os grupos na média de fluorescência para os 

marcadores de superfície testados (p>0.05). Células de ambos os grupos foram positivas 

para CD29, CD73, CD90 e negativas para CD14, CD34, CD45, CD73, CD184, HLA-DR 

e STRO-1/PE. Culturas de ambos os grupos foram capazes de se diferenciar nas linhagens 

adipogênica, condrogênica e osteogênica e apresentaram taxa de proliferação semelhantes 

(p>0.05). Desta forma, pode-se concluir que CTMs da polpa de dentes decíduos 

submetidos à RSTC exibiram características semelhantes às células obtidas de dentes 

decíduos hígidos, sugerindo que a presença de um tecido desmineralizado infectado na 

base de uma restauração adesiva não altera as características apresentadas por SHEDs. 

 

 

Palavras-chave: células-tronco, remoção seletiva de tecido cariado, dente decíduo, polpa 

dental. 
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Abstract 

 

 

Selective caries removal (SCR) is the maintenance of a contaminated dentin under the 

restorative material, in order to avoid the exposure of the pulp and maintain its vitality. 

The interaction of bacterial metabolites with inflammatory residues from the carious 

process and the restorative procedure, signals and modulates the process of  tertiary 

dentinformation. Undifferentiated mesenchymal cells present in the pulp participate in 

this repair, migrating, proliferating and differentiating into odontoblast-like cells that 

starts to secrete dentin matrix. However, it remains unclear how these interactions  may 

affect the maintenance of mesenchymal stem cells (MSCs) present in the pulp of 

deciduous teeth (SHEDs). The present study aimed to evaluate the effect of SCR on 

immunophenotypic characteristics, on the potential for cell differentiation and viability 

presented by SHEDs. Dental pulp cells from sound (n = 9) and SCR teeth (n = 3) were 

isolated and cultured. For immunophenotypic characterization, cells incubated with the 

antibodies CD14, CD29, CD34, CD45, CD73, CD90, CD105, CD18, HLA-DR and 

STRO-1 were evaluated by flow cytometry. Cell differentiation capacity was evaluated 

through the induction of the cells in adipogenic, osteogenic and chondrogenic lineages. 

To measure cell viability, the MTT assay was performed on days 1, 3 and 7. The success 

rate in isolation was 66.7% and 100% for healthy and RSTC cultures, respectively. There 

was no statistically significant difference between the groups in the mean fluorescence 

for the surface markers tested (p>0.05). Cells from both groups were positive for CD29, 

CD73, CD90 and negative for CD14, CD34, CD45, CD73, CD184, HLA-DR and STRO-

1. Cultures of both groups were able to differentiate in the adipogenic, chondrogenic and 

osteogenic lines and presented similar v rates (p>0.05). Thus, it can be concluded that 

MSCs from deciduous pulp submitted to SCR exhibited similar characteristics to cells 

obtained from sound deciduous teeth, suggesting that the presence of infected 

demineralized tissue on the basis of an adhesive restoration does not alter the 

characteristics presented by SHEDs. 

 

 

Keywords: stem cells, selective carious removal, deciduous tooth, dental pulp. 
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Lista de Abreviaturas 

 

%  Por cento  

μg/mL  Mcrograma por mililitro  

μg/ μmol  Micrograma por micromole  

μL  Microlitro  

μM  Micromolar  

<  Menor  

>  Maior  

≥  Maior ou igual  

≤  Menor ou igual  

CTM  Célula-tronco Mesenquimal  

DPSC  

CDPSC 

Dental Pulp Stem Cell  

Carious Dental Pulp Stem Cell 

MSC  

RSTC 

SCR 

Mesenchymal Stem Cell  

Remoção Seletiva de Tecido Cariado 

Selective Caries Removal 

SHED  Stem cell from Human Exfoliated Deciduous teeth  

DMEM  Dulbecco’s modified Eagle medium  

HEPES  n-2 hidroxietil piperazine- n’2 ácido sulfônico etano  

FBS  Fetal Bovine Serum  

SFB  Soro Fetal Bovino  

CD  Clusters of Differentiation  

FITC  Isotiocianato de fluoresceína  

PE  Ficoeritrina  

HLA-DR  Human Leucocyte Antigen major histocompatibility complex class II 

cell surface receptor  

STRO-1  Stromal cell marker 1  

MTT 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide 

DMSO  Dimethylsulfoxide – solução crioprotetora  

7AAD  7- amino Actinomicina D  

TGFβ1  Fator de crescimento transformador beta 1  

PBS  Phosphate Buffered Saline – tampão fosfato-salino  

n  número de amostra  

mL  Mililitro  

mg/mL  miligrama por mililitro  

U/mL  unidade por mililitro  

CO2  gás carbônico  

ng/mL  nanograma por mililitro  

±  mais ou menos  
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1. INTRODUÇÃO 

 

Terapias celulares, a partir do emprego de células-tronco mesenquimais (CTMs), 

passaram a representar alternativas de tratamento em diversas áreas da medicina. Nas 

últimas décadas, a descoberta de células-tronco provenientes da polpa de dentes humanos, 

associada à possibilidade de utilização terapêutica, vem estimulando as especulações para 

o desenvolvimento de técnicas que possibilitem a regeneração de tecidos injuriados 

(FITZSIMMONS et al., 2018). 

A sua utilização em pesquisas que buscam estabelecer novos protocolos de 

tratamento para doenças que impactam significativamente na população, como desordens 

neurodegenerativas, doenças cardíacas crônicas, doenças periodontais, perdas ósseas e 

até mesmo dentárias, motiva os pesquisadores a seguirem na busca por evidências que 

possam contribuir ainda mais para o avanço dos estudos clínicos  (SEO et. al., 2008; 

FITZSIMMONS et al., 2018). 

O isolamento e a identificação de células-tronco mesenquimais na polpa de dentes 

permanentes foram primeiramente registrados por Gronthos e colaboradores (2000). 

Essas células foram consideradas capazes de se diferenciar em células semelhantes a 

odontoblastos durante o processo de formação da dentina reparadora (GRONTHOS et. 

al., 2000; BALIC et al., 2010).  

Posteriormente, populações de células-tronco foram isoladas e identificadas na 

polpa de dentes decíduos hígidos em processo de esfoliação (MIURA et al, 2003; 

BERNARDI, et al., 2011). Essas células, denominadas SHED (stem cells from human 

exfoliated deciduous teeth) apresentam um potencial de diferenciação em diversos tipos 

celulares, especialmente em osteoblastos e odontoblastos.  

Em comparação às células-tronco mesenquimais provenientes da polpa de dentes 

permanentes, estudos têm mostrado que as SHEDs apresentam alta velocidade de 

proliferação, de formação de colônias e capacidade osteoindutiva in vivo (PETROVIC; 

STEFANOVIC, 2009). Ainda, apresentam como grande vantagem a facilidade de 

obtenção, tendo em vista que o dente decíduo apresenta um processo fisiológico de 

reabsorção, permitindo sua obtenção através de procedimentos menos invasivos 

(ARORA; ARORA; MUNSHI, 2009). 
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 Apesar das semelhanças em relação à estrutura histológica básica, os dentes 

decíduos diferem dos permanentes especialmente por apresentarem um processo natural 

de reabsorção que permite a transição entre as dentições. Este fenômeno, denominado 

rizólise, está geneticamente programado para acontecer e inicia-se a partir da apoptose 

dos cementoblastos, ação dos osteoclastos, resultando em alterações graduais da polpa, 

principalmente nos estágios mais avançados (TOLEDO, 2012; NANCI, 2008). 

 No decorrer da rizólise, ocorrem modificações significativas na estrutura do dente 

decíduo, tanto em tecidos mineralizados quanto no tecido pulpar. Quando a raiz 

apresenta-se totalmente reabsorvida, o tecido pulpar apresenta modificações na sua 

estrutura e composição, sendo possível observar histologicamente alterações a nível 

celular e vascular, com aumento significativo de células inflamatórias e células clásticas 

(ARAÚJO, 1982; SAHARA et. al., 1993; ANGELOVA et. al., 2004; MONTEIRO et. al., 

2009). 

 Segundo o estudo realizado por Bernardi e colaboradores (2011), sugere-se que 

além das alterações vasculares e inflamatórias, o processo de rizólise também parece 

influenciar na disponibilidade das células-tronco, exacerbando seu processo de ativação 

durante a reabsorção das estruturas dentárias. Possivelmente esse fenômeno, peculiar aos 

dentes decíduos, justifique o fato dessas células apresentarem maior proliferação em 

comparação às oriundas da polpa de dentes permanentes (MIURA et al., 2003, 

BERNARDI et. al., 2011). 

 Todas as reações vinculadas à fisiologia da polpa dentária são diretamente 

influenciadas pela sua localização anatômica, justamente por estar circundada por dentina 

mineralizada. As paredes dentinárias lhe garantem limitada capacidade de expansão e, 

considerando que seu substrato nutricional provém da vascularização, que percorre 

pequenos forames e foraminas, a polpa encontra-se em um ambiente de baixa tolerância 

(ESTRELA et al., 2007). Frente às diversas agressões oriundas do meio externo, como 

por exemplo as causadas pela lesão cariosa, a polpa ativa mecanismos de defesa para 

evitar injúrias e consequentes danos permanentes.  

 Quando o dente é acometido por lesão de cárie, há um processo de resposta pulpar 

a essa agressão, e são os odontoblastos os primeiros responsáveis pela secreção de matriz 

dentinária e pela modulação do processo inflamatório (HORST et al., 2011). Esse 

processo é dependente da manutenção de células viáveis próximas ao local lesado, 
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resultando em deposição de matriz mineral e aumento da distância entre lesão cariosa e a 

polpa. Esse aumento pode ser verificado no acompanhamento radiográfico em dentes com 

lesão cariosa profunda que foram restaurados após remoção seletiva de tecido cariado.  

Essa barreira promove proteção pulpar com preservação da estrutura tubular 

característica da dentina, uma vez que houve a manutenção de odontoblastos “originais” 

próximos à zona desmineralizada. Da mesma forma, fornece uma estrutura remanescente 

adequada para procedimentos restauradores (MJOR, 1985). 

 Aumentando a gravidade da lesão, os odontoblastos da camada subjacente à 

dentina cariada perecem e, prevalecendo condições favoráveis à vitalidade pulpar, uma 

nova geração de células indiferenciadas passa a atuar no processo de reparo. Células-

tronco mesenquimais da polpa dental, após o estímulo bacteriano, migram e proliferam, 

iniciando uma cascata de diferenciação em células semelhantes a odontoblastos que 

começam a secretar a matriz dentinária (GOLDENBERG et al., 2008).  

A matriz mineralizada formada a partir de uma nova população de células implica 

na descontinuidade da estrutura tubular dentinária primitiva/original, reduzindo assim a 

permeabilidade. Esse processo de ativação das células-tronco é realizado pelo próprio 

desafio cariogênico, ou seja, as células endoteliais lesadas liberam fatores quimiotáticos 

e moléculas sinalizadoras para iniciar o processo inflamatório, além de moléculas de 

adesão, necessárias para o recrutamento de células progenitoras e inflamatórias (HORST 

et al., 2011). 

Já há evidências na literatura que comprovam a existência de células-tronco 

mesenquimais viáveis na polpa de dentes permanentes e decíduos acometidos por lesão 

de cárie (MA et al., 2012; WERLE et al., 2015). Ma e colaboradores (2014) realizaram 

uma análise proteômica das células da polpa de dentes permanentes hígidos (Dental Pulp 

Stem Cells - DPSC) e cariados (Carious Dental Pulp Stem Cells - CDPSC). Observou-se 

que em células provenientes da polpa de dentes acometidos por lesão de cárie em dentina 

profunda, houve uma maior expressão de proteínas relacionadas à regulação da 

proliferação e diferenciação celular. Ainda, os autores sugerem que as CDPSC 

apresentam uma maior expressão de proteínas antioxidativas que podem estar diretamente 

envolvidas na proteção dessas células contra o estresse oxidativo.  

Werle e colaboradores (2016) avaliaram as características imunofenotípicas de 

células-tronco da polpa de dentes decíduos hígidos e cariados. Os autores concluíram que 
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células de ambos os grupos apresentaram propriedades semelhantes, sugerindo que a 

polpa de dentes decíduos cariados pode ser utilizada como fonte viável de células-tronco 

mesenquimais.  

Como primeira alternativa de tratamento para lesões de cárie em dentina profunda, 

a remoção seletiva de tecido cariado (RSTC) tem como objetivo primordial manter a 

saúde pulpar dos dentes, preservando a dentina residual e prevenindo possíveis 

exposições pulpares. Essa técnica, que vem ao encontro de uma filosofia de mínima 

intervenção, sustenta que apenas a dentina macia deve ser removida, mantendo parte da 

dentina firme em regiões mais profundas da cavidade, prevenindo a exposição pulpar e a 

manipulação direta desse tecido (SCHWENDICKE et al., 2016). Já foi reportada a 

capacidade desse tecido contaminado mantido ser remineralizado após o procedimento 

restaurador (DAPLIAN et al., 2012), independente da propriedade bioindutora do 

material utilizado sobre a dentina remanescente (PINTO et al., 2006; FRANZON et al., 

2007). 

De acordo com revisões sistemáticas, um dos maiores benefícios em manter o 

tecido cariado na parede pulpar é reduzir o risco de exposição pulpar (RICKETTS et al., 

2013; SCHWENDICKE; DORFER; PARIS, 2013), o que simplifica o tratamento, já que 

não há necessidade de terapia endodôntica. Além disso, o sucesso clínico e radiográfico 

da RSTC foi demonstrado tanto em dentes decíduos (FRANZON et al., 2014; DALPIAN 

et al., 2014) quanto em permanentes (MALTZ; ALVES, 2013). 

As repercussões pulpares, além de serem causadas pela progressão da lesão 

cariosa, também podem resultar de preparos cavitários e materiais restauradores 

utilizados para tratamento da sequela da doença. Quando uma intervenção restauradora 

para reparar o dano à estrutura do dente é realizada, a viabilidade das células-tronco da 

polpa pode ser influenciada pelos sistemas adesivos e materiais restauradores utilizados 

(TRUBIANI et al., 2010; LUTFI et al., 2010; KANJEVAC et al.,2012). Isso porque 

produtos químicos, como monômeros residuais, influenciam as células-tronco via 

apoptose, alteração gênica e diminuição da proliferação celular (KRIFKA et al., 2013), 

especialmente quando esses produtos são aplicados em dentina profunda, onde a 

permeabilidade dentinária é maior. 

Dessa forma, a interação dos metabólitos bacterianos com os resíduos 

inflamatórios, provenientes tanto do processo carioso quanto do procedimento 
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restaurador, sinaliza e modula o processo regenerativo. Todavia, ainda permanece incerto 

como esses produtos afetam as características imunofenotípicas, bem como a capacidade 

de proliferação e diferenciação de células-tronco pulpares. 

Sendo assim, o presente estudo se propõe a avaliar o efeito da técnica de RSTC 

nas características imunofenotípicas, capacidade de diferenciação e viabilidade 

apresentadas por células-tronco isoladas da polpa de dentes decíduos em processo de 

esfoliação.  
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2. OBJETIVOS 

 

2.1 Objetivo Geral  

 

Avaliar o efeito do tratamento de remoção seletiva de tecido cariado nas 

características imunofenotípicas apresentadas por células-tronco isoladas da polpa de 

dentes decíduos em processo de esfoliação.  

 

2.2 Objetivos Específicos  

 

-Isolar e cultivar células pulpares de dentes decíduos hígidos e com remoção seletiva de 

tecido cariado. 

-Avaliar o potencial de diferenciação e viabilidade/proliferação de células pulpares de 

dentes decíduos hígidos e com remoção seletiva de tecido cariado. 
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Abstract 

 

Objective: to evaluate the effect of Selective Caries Removal (SCR) on the 

immunophenotypic characteristics, potential for differentiation and viability of 

mesenchymal stem cells (MSCs) isolated from the pulp of restored exfoliated deciduous 

teeth. 

Material and methods: Dental pulp cells from sound (n=9) and SCR (n=3) deciduous 

teeth were isolated and cultured. For immunophenotypic characterization, cells incubated 

with the CD14, CD29, CD34, CD45, CD73, CD90, CD105, CD184, HLA-DR and 

STRO-1 were evaluated by flow cytometry. Cell differentiation capacity was evaluated 

through the induction of the cells in adipogenic, osteogenic and chondrogenic lineages. 

To measure cell viability the MTT assay was performed in a time course (1, 3 and 7 days). 

Results: Isolation success rate were 66.7 and 100% from de sound and SCR groups, 

respectively. There was no statistically significant difference between the groups in the 

mean fluorescence for the surface markers tested (p>0.05). Cells from both groups were 

positive for CD29, CD73, CD90 negative for CD14, CD34, CD45, CD73, CD184, HLA-

DR and STRO-1. Cultures of both groups were able to differentiate in the adipogenic, 

chondrogenic and osteogenic lines and presented similar viability rates (p>0.05). 

Conclusion: Stem cells from the pulp of deciduous teeth submitted to SCR showed 

similar characteristics to cells obtained from sound deciduous teeth. 

Clinical relevance: The presence of infected demineralized tissue on the basis of an 

adhesive restoration does not alter the characteristics presented by stem cells present in 

the dental pulp of deciduous teeth. These findings shows that stem cells from teeth 

submitted to RSTC may represent a new and viable source of mesenchymal stem cells. 
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Introduction 

 

When the dentin is affected by caries lesion, there is a pulp response to this aggression 

and the odontoblasts are the ones responsible for the secretion of the dentin matrix and 

for the modulation of the inflammatory process [1]. However, with the increase of 

aggression or lesion severity, the odontoblasts layer collapse and, prevailing favorable 

conditions for pulp vitality, a new generation of undifferentiated cells starts to act [2], 

initiating a cascade of signalization that ultimate leads to differentiation in odontoblast-

like cells that start to secrete dentin matrix. Recent evidences from literature showed the 

presence of viable mesenchymal stem cells (MSCs) in the pulp of both permanent and 

deciduous teeth affected by active caries lesions [3, 4].  

Cavity preparations and restorative materials used to treat the caries lesions can also result 

in pulpal repercussions. When a restorative intervention is performed, the viability of pulp 

stem cells can be influenced by restorative materials and adhesive systems [5, 6, 7] used. 

Chemical products, such as residual monomers, influence stem cells via apoptosis, gene 

alteration and decreased cell proliferation [8], especially when these products are applied 

in deep dentin, where dentin permeability is higher. 

The contemporary approach of managing carious lesions recommends that in deep lesions 

of vital teeth, preserving pulpal health should be prioritized. The technique involves 

selective removal to soft dentin over the pulp site to avoid its exposure, while the cavity 

margins (i.e., peripheral dentin) are left firm (scratchy) dentin [9].  Studies have shown 

that the remaining carious tissue becomes more hardened, darkened and less 

contaminated [10, 11], regardless of the use of calcium hydroxide liner [12, 13].  

However, it remains unclear how the interaction between residual bacterial metabolites 

and the inflammatory products, coming from both the carious process and the restorative 

procedure, affect MSC activities. Therefore, the present study aims to evaluate the effect 

of Selective Caries Removal (SCR) on the immunophenotypic characteristics, potential 

for differentiation and cell viability presented by Stem cells from Human Exfoliated 

Deciduous teeth (SHEDs). 
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Materials and methods 

 

Ethics statement  

 

All the procedures were performed in accordance with the ethical standards of the 

Resolution of the National Council on Ethics in Research (nº 466/2012) and with the 1964 

Helsinki Declaration and its later amendments or comparable ethical standards. Informed 

consent was obtained from all individual participants included. The protocol of this 

research was approved by the Ethics Committee (nº 685.656) of Federal University of 

Rio Grande do Sul, Porto Alegre/RS, Brazil. 

 

Samples  

 

Deciduous teeth with at least 1/3 of physiologic root resorption and with previous 

indication of extraction were selected for the sound (n=9) and the SCR groups (n=3), 

from 8 donors aged 7 to 12 years. All the procedures were conducted at the Children and 

Youth Dental Clinic, School of Dentistry, Federal University of Rio Grande do Sul 

(UFRGS), Porto Alegre, Brazil. The inclusion criteria for Selective Caries Removal 

(SCR) group were as follows: teeth that present adequate restoration at the time of the 

extraction, with no signs of adjacent carious lesion or signs of pain, no history of dental 

trauma, no signs of ankylosis or radiolucency at the furcation and/or periapical region on 

the radiographic exam and at least 1/3 of root resorption, taking into account the formation 

stage of the permanent tooth germ, which should be at least in the 8th stage of Nolla [14]. 

Before the extractions, the teeth were cleaned with 0,12% chlorhexidine solution. 

 

Isolation and cell culture 

 

Immediately after the extraction, the teeth were placed into a Falcon tube containing 2 

mL of cool culture medium - Dulbecco’s modified Eagle medium (DMEM) (Sigma-

Aldrich, St. Louis, MO) - supplemented by 10% fetal bovine serum (FBS) (Sigma-

Aldrich, St. Louis, MO) and 1% by Penicillin-Streptomycin (Gibco, Grand Island, NY). 

In a laminar flow, the dental pulp tissue was separated from the dentinal walls by using 

endodontic files or dentine spoons, and the cells were retrieved by enzymatic digestion. 

These procedures were performed up to 24h after tooth extraction. Briefly, the dental pulp 
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was placed into a 0.2% type I collagenase solution (Gibco, Grand Island, NY) for 60 min 

in a 37°C bath and centrifuged (4°C, 800×g/10min). The supernatant was discarded and 

the remaining pellet was resuspended and seeded onto a 48-well plate. The culture 

medium was changed every 3 or 4 days. Cell suspensions were seeded onto new plates, 

respecting the proportion of 5.000 cells/cm². When the cells were not present after 30 

days, the well was inactivated and the culture registered as a failure. All the tests were 

carried out with the cells between third (P3) and fifth passage (P5). During this whole 

period, the cells were incubated in a 37°C and 5% CO2 environment. 

 

Flow cytometric analysis 

 

A total of 105 cells of each sample (n=9) were incubated with the following types of 

conjugated antibodies: CD14/FITC, CD29/PE, CD34/PE, CD45/FITC, CD73/PE, 

CD90/FITC, CD184/PE, HLA-DR/FITC, and STRO-1/PE from BD (Becton Dickinson, 

USA). Unstained cells and cells labeled with mouse IgG1 isotype control conjugated with 

PE and FITC were used as controls. Only living cells were analyzed (7AAD positive cells  

(Invitrogen™). Data was acquired using the FACSCanto™ II flow cytometer (BD 

Bioscience) and 20,000 events were analyzed. 

 

In vitro multipotent assay 

 

A total of 104 cells from both groups (n=9) were seeded onto 48-well plates and cultivated 

in a regular medium Dulbecco’s modified Eagle medium (DMEM) low glucose (Sigma-

Aldrich, St. Louis, MO) supplemented with 4-(2-hydroxyethyl)-1-

piperazineethanesulfonic acid (HEPES, Sigma-Aldrich, St. Louis, MO), 10% fetal bovine 

serum (FBS, Cultilab, Brazil), 100 U/mL penicillin and 100 μg/mL streptomycin (P/S, 

Sigma-Aldrich®, USA); until confluence reached 80%. Then, cells were exposure to 

osteogenic, chondrogenic and adipogenic differentiation inducing medium, as previously 

described [4]. After 30 days cells were fixed in 4% paraformaldehyde and staid with 

Alizarin red, Alcian blue and Oil-Red-O to verify osteogenic, chondrogenic and 

adipogenic differentiation respectively. The cells cultured in a regular culture medium, 

during the same period, were used as control. The cultures were observed 
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microscopically. The experiments were performed in triplicate for each sample to verify 

reproducibility of results. 

 

Cell viability assay 

 

Cell viability was evaluated by the 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) reduction. A total of 5×103 cells/well of each sample (n=9) were seeded 

a 96-well plate and incubated with 200 L of 0.25 mg/mL MTT. Four hours later, the 

supernatant was carefully removed and dimethyl sulfoxide (DMSO, 200 L) was added 

to each well to dissolve the formed crystals. Next, 200 L of the colored solution was 

transferred for absorbance analysis at 570nm and 630nm in the molecular devices 

SpectraMax® 250 Microplate Spectrophotometer – the results were calculated by the 

absorbance label subtraction. Tests were performed according to the manufacturer’s 

instructions, in triplicate. The analysis of absorbance was performed on days 1, 3, and 7 

after seeding. Three wells filled with MTT without cells were used as background. 

Proliferation was also evaluated by using the mean time (days) between the cell isolation 

and the third passage. 

 

Statistical analysis 

 

Mann Whitney test was used to evaluate the fluorescence means for each surface marker 

in the flow cytometry analysis, time-course proliferation assay for the comparison 

between groups and to compare the mean time between isolation and the third passage. 

The time-course proliferation assay for the comparison within groups was analyzed using 

Friedman test. The statistical analysis was performed using the Statistical Package for 

Social Sciences version 20.0 (SPSS Inc., Chicago, IL, USA, 2011) at 95% significance 

level. 
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Results 

 

Sample and establishment of cultures 

 

The full description of the sample is presented in Table 1. In this study, a cell culture was 

considered a successful outcome when adherent isolated or grouped cells were seen at the 

base of the well, within 30 days after isolation and reached confluence for the passage. 

Therefore, the isolation of the cells was considered successful in 6 of the 9 cultures 

(66.7%) of the sound group.  Two cultures didn’t settle and 1 presented a different 

morphology and behavior and were excluded. Of the two cultures that did not settle, one 

tooth was a central upper incisor and the other was a second upper molar, both with 2/3 

root resorption. The average time for the first passage was 11.8±3.8 days.  For the SCR 

group, all the cultures (100%) were considered successful and the average time for the 

first passage was 9.7±4.5 days. Cells from both groups presented the capacity for a plastic 

attachment as well as with the expected morphology of spindle-shaped cytoplasm  

 

Flow cytometry analysis 

 

For both groups, all the cells were positive for CD29, CD73 and CD90 and negative for 

hematopoietic markers (CD14, CD34, CD45 and HLA-DR). There was no difference 

(p>0.05) in fluorescence mean between the sound and SCR group for the tested surface 

markers. The mean expression of STRO-1 was higher in the sound group, but also did not 

represent a significant difference (p=0.3). The low expression of 7AAD indicates that 

only a small percentage of the cells analyzed were not viable (Figure 1 and Table 2). 

 

In vitro multipotent assay  

 

To evaluate the multipotent capacity, both groups were treated with differentiation 

inducing media. Osteogenic differentiation was indicated by detection of mineralized 

nodules by Alizarin Red after 3 weeks of culture. Following the induction of adipogenic 

differentiation, the accumulation of lipid-rich vacuoles was visualized within cells by Oil 

Red O staining. The induction of chondrogenic differentiation was demonstrated by the 

extracellular matrix stained by Alcian blue. The negative control, consisting of the cells 
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of both groups cultured in a regular culture medium, showed no differentiation (Figure 

2). 

 

MTTassay 

 

The increase of cell number resulted in the increase of absorbance values (Figure 3). The 

cells from both groups presented an exponential growth from day 1 to day 7. For the 

sound group, absorbance values ranged from 0.09 on the first day to 0.31 on the 7th day, 

and from 0.11 to 0.36 in SCR group. There was no significant difference in all the period 

evaluated between the groups (p>0.05). Sound and SCR groups showed a significantly 

higher viability in the 7th day (p=0.02 and p=0.04, respectively). The mean time (days) 

between isolation and the third passage was 27.5 (± 6.73) for sound and 31 (± 1.4) for 

SCR group and there was no difference between groups (p=0.71). 
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Discussion 

 

In our study, we successfully isolated stem cells from deciduous teeth submitted to SCR. 

Flow cytometric analysis showed that there was no significant difference in 

immunophenotypic characteristics between cells from sound and SCR teeth.  Regarding 

the potential for differentiation and viability, both groups presented similar results. Until 

now, this is the first study in the literature that has been proposed to isolate pulp cells 

from deciduous teeth submitted to SCR and subsequent restoration. 

The contemporary approach of managing carious lesions recommends that in deep lesions 

of vital teeth, preserving pulpal health should be prioritized. It is well established in the 

literature that leaving a contaminated dentin under the restoration, as proposed by 

selective carious removal technique, do not impair the lesion arrestment and the 

maintenance of pulp vitality [13, 15-18]. There is already evidence in the literature that 

demonstrates clinical and radiographic success of SCR in both deciduous [20, 21] and 

permanent teeth [22]. In addition, the findings of the present study suggest that even with 

the presence of an infected dentin on the basis of a restoration, the mesenchymal stem 

cell population of the pulp tissue was maintained. This portrays the reactivity potential of 

the dental pulp, indicating that the pulp of teeth with SCR remains vital after the 

restorative procedure and has the ability to maintain viable stem cells until the tooth 

reaches full rhizolysis. 

The International Society of Cellular Therapy (ISCT) proposed a set of standards to define 

human MSCs for both laboratory-based scientific investigations and for pre-clinical 

studies [23]. First, MSCs must be plastic-adherent when maintained in standard culture 

conditions using tissue culture flasks. In our study, all the cultures fulfilled this 

requirement. Second, the MSC population must undergo to a phenotype analysis. There 

are no specific surface marker characterizing SHEDs, but typical markers of MSCs were 

stablished, such as CD29, CD73 and CD90 [7]. Both groups (sound and SCR) were 

positive for these markers, and there was no difference in the fluorescence mean between 

groups. For negative control CD14, CD34, CD45, CD184 and HLA-DR were used and 

both groups presented a low mean of fluorescence for these surface markers, which are 

in accordance with previous studies [3, 4, 24]. The florescence for STRO-1 marker was 

low for both groups, corroborating the findings from previous studies with stem cells 

obtained from carious deciduous [4] and permanent teeth [25, 26], 25]. There was a small 
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percentage of dead cells (7AAD positive) for both groups, indicating an adequate cell 

viability (with intact membranes) [27]. 

The biologic property that most uniquely identifies MSCs is their capacity for trilineage 

mesenchymal differentiation. Cells must be shown to differentiate to osteoblasts, 

adipocytes and chondroblasts using standard in vitro tissue culture-differentiating 

conditions [23]. Like similar studies [3, 4, 5, 24], cells from both groups were capable to 

differentiate in these three lineages. This cell capacity was similar in both groups, 

suggesting that the SCR and subsequent restoration of the teeth did not impair the capacity 

of the stem cells to differentiate.  

As indicated by MTT assay, the viability and proliferation rate were similar between the 

groups. Werle and colleagues who isolated stem cells from the pulp of carious deciduous 

teeth found similar results. It was observed that the previous aggression to the dental pulp 

caused by the inflammatory process triggered by the caries activity did not modify the 

biology of the cells, allowing the maintenance of its viability. Previous studies [5, 6] 

evaluating the cytotoxicity of restorative materials suggested that, especially in deep 

caries lesions where all carious tissue is removed, the material could interfere in cell 

proliferation but not on its ability to differentiate. According to our results, neither the 

affected dentin layer nor the restorative material used has influenced cell proliferation or 

differentiation. It can be thought that the layer of infected dentin left below the restoration 

may have contributed to the protection against the cytotoxic potential of the adhesive 

system and restorative material, since its presence limits communication with the dental 

pulp.  

Although, the results of the present study should be viewed in light of its possible 

methodological limitations. The total success obtained in the isolation of teeth in this 

group may have been due to the smaller sample number. This was due the difficulty to 

find teeth with SCR that fit the inclusion criteria. Regarding cell proliferation, Bernardi 

and colleagues suggest that root resorption may exacerbate the activation process of 

SHEDs [24]. Thus, when comparing the groups, this can be considered a confounding 

factor, masking the influence of SCR on the proliferation rate. Also, there are other 

methodologies that could be used to confirm the influence of SCR on SHEDs, such as 

gene expression analysis and cellular senescence. 
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In conclusion, the stem cells from the pulp of teeth submitted to SCR and subsequent 

restoration exhibit similar properties to those cells obtained from the pulp of sound 

deciduous teeth. The layer of infected dentin left in the base of adhesive restorations 

besides allowing the maintenance of the pulp vitality, did not cause interferences in the 

immunifenotypic characteristics, potential of proliferation and viability of mesenchymal 

stem cells present in the dental pulp. Thus, dental pulp from SCR deciduous teeth could 

also be used as a source of stem cells.  
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Table 1. Sample characteristics. 

 

 Sound group (SD) SCR group (SD) 

 

Donor age  

 

10,4 (2,06) 10,7 (0,94) 

Type of teeth   

        Incisor or canine 4/9 - 

        Molar 

 

5/9 3/3 

Mean time (years) between 

SCR and dental extraction  

- 3,08 

   

Root resorption level    

        TR 5/9 - 

        1/3 3/9 3/3 

        2/3 

 

1/9 - 

Isolated/culture success 

 

 

6/9 3/3 

Period (days) until first 

passage 

11,83 (3,76) 9,66 (4,5) 

TR: root totally resorbed; 1/3: 1/3 remaining root; 2/3: 2/3 remaining root 
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Table 2. Surface markers expressed by means (standard deviation) for both groups. No 

statistical difference was observed between the groups. 
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Figure 3. Cell viability and proliferation assay. The asterisks indicate statistically 

significant difference within the sound (p=0.02) and SCR (p=0.04) group during the 

experiment time-course.  
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4. CONSIDERAÇÕES FINAIS 

 

Com o presente estudo, pode-se concluir que foi possível isolar e cultivar CTMs 

a partir de dentes decíduos que foram submetidos à técnica RSTC e subsequente 

tratamento restaurador. Os resultados parciais obtidos mostraram que CTMs obtidas a 

partir de dentes decíduos hígidos puderam ser isoladas com uma taxa de sucesso de 

66,6%, enquanto que células obtidas de dentes decíduos submetidos a RSTC foram 

isoladas com 100% de sucesso.   

 Células de ambos os grupos preencheram os critérios estabelecidos por Dominici 

e colaboradores (2006) para que pudessem ser classificadas como células-tronco 

mesenquimais. Em cultura, se mostraram aderentes ao plástico e apresentaram a 

morfologia de citoplasma fibroblastóide esperada. Todas as culturas foram positivas para 

os marcadores de superfície celular usualmente utilizados para caracterização de células-

tronco mesenquimais (CD29, CD73, CD90) e negativas para os marcadores de células-

tronco hematopoiéticas (CD14, CD34, CD45, CD184 e HLA-DR). Culturas de ambos os 

grupos apresentaram capacidade multipotente, diferenciando-se nas linhagens 

adipogênica, condrogênica e osteogênica quando devidamente estimuladas.  Em relação 

à proliferação, o crescimento foi semelhante entre os grupos, havendo diferença apenas 

na análise intragrupos entre os dias 1 e 7. 

Desta forma, pode-se concluir que CTMs da polpa de dentes decíduos submetidos 

à RSTC e ao tratamento restaurador, exibiram características semelhantes às células 

obtidas de dentes decíduos hígidos.  Sugere-se que dentes submetidos à RSTC podem 

representar uma fonte viável de obtenção de CTMs. 
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Anexo 1 - Parecer do Comitê de Ética 
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Anexo 2 – Termo de Consentimento Livre Esclarecido 
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Anexo 3 – Termo de Assentimento 
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Anexo 4- Termo de Doação de Material Biológico 

 

 

 

 

 


