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RESUMO 
 
 

Esta tese teve como objetivo apresentar dois artigos científicos. O Artigo 1, aborda uma 

revisão de estudos utilizando células-tronco de dentes decíduos humanos esfoliados (SHEDs) 

na regeneração óssea, salientando o uso em pacientes com fissuras labiopalatinas (FLP) e o 

Artigo 2, objetivou comparar a caracterização de SHED entre crianças com e sem fissuras 

labiopalatinas, a fim de analisar se as SHEDs autólogas podem ser consideradas uma opção 

para que, em breve, possam ser utilizadas para fins terapêuticos, como uma alternativa na 

reconstrução de fissuras alveolares em pacientes com FLP. No Artigo 1, foi possível observar 

que estudos in vitro e in vivo estão sendo realizados para que a regeneração óssea seja feita 

utilizando materiais não invasivos, com o uso de scaffolds e células-tronco como as SHEDs. 

Estudos in vivo mostraram que a SHED pode induzir a formação óssea, produzir dentina e 

expressar marcadores neuronais. No entanto, apesar de muitos esforços já feitos, por ser uma 

alternativa promissora que pode trazer benefícios para o tratamento e para a qualidade de vida 

de diversos pacientes, ainda há poucos relatos na literatura de aplicabilidade, principalmente 

em pacientes com FLP. No Artigo 2, tecidos pulpares foram obtidos de 6 dentes decíduos 

hígidos em estágio de esfoliação, de 6 doadores com idade entre 4 e 12 anos e divididos em 

dois grupos, sem fissura labiopalatina (Grupo Controle) e com fissura labiopalatina (Grupo 

Fissura). As células obtidas por cultura primária foram analisadas imunofenotipicamente, onde 

as que apresentaram expressões positivas dos marcadores de superfície celular CD105, CD73, 

CD90 e negativas de CD45, CD34, CD11b, CD19, HLA-DR (PE) foram coletadas após 

separação em Citometria de Fluxo. As células foram submetidas à diferenciação multilinhagem 

e foram analisadas morfologicamente. A diferença imunofenotípica entre os grupos foi 

analisada pelo teste t de Student e o nível de significância foi estabelecido em 5% (p <0,05). 

Foi demonstrada adesão plástica, e altos níveis de marcadores CTM foram identificados em 

ambos os grupos, com expressão positiva de CD105, CD73 e CD90 (≥95% positivo) e ausência 

de marcadores de linhagem hematopoiética CD45, CD34, CD11b, CD19 e HLA-DR (≤2% 

positivo). As células pulpares isoladas em todas as amostras demonstraram capacidade de 

diferenciação adipogênica, osteogênica e condrogênica. A análise morfológica identificou 

núcleo ligeiramente menor e capacidade proliferativa menor no tempo avaliado no grupo 

Fissura. Houve diferença estatisticamente significante (p = 0,042) na comparação das SHEDs 

obtidas após sorting nos dois grupos, sendo maior no grupo Fissura. Após a confirmação dos 

critérios padrão para definição de CTM multipotentes em ambos os grupos, foi possível  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

confirmar o isolamento e a caracterização de SHED em todas as amostras. Esse achado sugere 

que SHEDs de crianças com FLP podem ser consideradas uma opção para investigações futuras 

sobre o uso autólogo de células em intervenção terapêutica. Não obstante, estudos futuros ainda 

são necessários para avaliar possíveis diferenças internas entre as células, analisar a curva de 

crescimento entre os grupos e quantificar a diferenciação osteogênica, visando identificar se a 

fissura poderia favorecer a regeneração óssea por meio da engenharia de tecidos. 

 

Palavras-chave: Fissura Palatina. Fissua Labial. Células-Tronco Mesenquimais. Engenharia 

Tecidual.  

 

 

 

 

 

 

 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

ABSTRACT 
 

Isolation, characterization, and perspectives of use of stem cells from human exfoliated 
deciduous teeth (SHED) of children with cleft lip and palate 

 
This thesis aimed to present two scientific papers. Article 1 approached a review of 

studies using stem cells from human exfoliated deciduous teeth (SHEDs) in bone regeneration, 

highlighting the use in patients with cleft lip and palate (CLP). In Article 2, the objective was 

to compare the characterization of SHED between children with and without cleft lip and palate, 

to a view to analyzing whether autologous SHEDs may be considered as an option so that, soon, 

they can be used as an alternative in the reconstruction of alveolar clefts in patients with CLP. 

In Article 1, it was noted that in vitro and in vivo studies have been carried out so that bone 

regeneration can be performed with non-invasive materials, such as scaffolds and stem cells, 

including SHEDs. In vivo studies have shown that SHED can induce bone formation, produce 

dentin, and express neuronal markers. Although many efforts are being made because it is a 

promising alternative therapy that could bring benefits to the treatment and quality of life of 

many subjects, there are still few reports in the literature about its applicability, especially in 

subjects with CLP. In Article 2, dental pulp tissues were obtained from six healthy deciduous 

teeth in the exfoliation stage, from six donors aged between 4 and 12 years, and divided into 

two groups, without cleft lip and palate (Control Group) and with cleft lip and palate (Cleft 

Group). The cells obtained in the primary culture were analyzed immunophenotypically and 

collected those with positive expression of cell surface markers CD105, CD73, CD90 and 

negative for CD45, CD34, CD11b, CD19, HLA-DR (PE) after sorting in Flow Cytometry. The 

cells were subjected to multilineage differentiation and were morphologically analyzed. The 

difference immunophenotypic between groups was analyzed by Student's t-test, and the level 

of significance was set at 5% (p < 0.05). Plastic adhesion was demonstrated and high levels of 

MSC markers were identified in both groups, with positive expression of CD105, CD73, and 

CD90 (≥95% positive) and absence of hematopoietic lineage markers CD45, CD34, CD11b, 

CD19, and HLA- DR (≤2% positive). Pulp cells demonstrated adipogenic, osteogenic, and 

chondrogenic differentiation capacity. The morphological analysis identified a slightly smaller 

nucleus and proliferative capacity lower in the time evaluated in the Cleft group. There was a 

statistically significant difference (p=0.042) when comparing the SHEDs obtained after sorting 

from the two groups, being greater in the Cleft group. After confirming the standard criteria for 

defining multipotent MSCs in both groups, it was possible to confirm the isolation and 

characterization of SHED in all samples. These results suggest that SHEDs from children with  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

CLP can be considered an option for future investigations into the autologous use of cells in 

therapeutic intervention. Notwithstanding, future studies are still needed to evaluate possible 

internal differences between cells, analyze the growth curve between groups and quantify 

osteogenic differentiation, aiming to identify whether the cleft could favor bone regeneration 

through tissue engineering.  

 

Key words: Cleft Palate. Cleft Lip. Mesenchymal Stem Cells. Tissue Engineering.  
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 1 INTRODUCTION 

 

 

Cleft lip and palate (CLP) are the most common and prevalent congenital anomalies 

affecting orofacial structures, with a worldwide incidence of approximately 1 in every 700 live 

births (SEIFELDIN, 2016; HIRAKI et al., 2020; VYAS et al., 2020).  Despite the complex 

etiology, these anomalies may be caused by a combination of genetics and environmental 

factors (SEIFELDIN, 2016;  CENTERS FOR DISEASE CONTROL AND PREVENTION-

NCBDDD, 2020; VYAS et al., 2020). For the reconstruction of cleft area defects, the most 

accepted therapeutic intervention consists of secondary alveolar bone graft in the mixed 

dentition stage using autogenous iliac bone (POUREBRAHIM et al., 2013; BERGER et al., 

2015; SEIFELDIN, 2016; MARTÍN-DEL-CAMPO; ROSALES-IBAÑEZ; ROJO, 2019; 

HIRAKI et al., 2020). However, this method has disadvantages as regards pediatric patients, 

where availability for bone collection may be limited, as it is an invasive process with potential 

risks for the donor area, such as infection, paresthesia, postoperative pain, and problems of 

healing (BERGER et al., 2015; AL-AHMADY et al., 2018; MARTÍN-DEL-CAMPO; 

ROSALES-IBAÑEZ; ROJO, 2019).  

Tissue engineering strategies have become an alternative since they offer the possibility 

of using biomaterials directed to tissues and cells to be applied in the affected area to promote 

the regeneration of missing or damaged tissues (MARTÍN-DEL-CAMPO; ROSALES-

IBAÑEZ; ROJO, 2019). Biomedical research and tissue engineering studies have shown great 

interest in using stem cells due to their excellent properties (MOREAU et al., 2007; KOSINSKI 

et al., 2020). Stem cells are undifferentiated cells that have the capacity for proliferation and 

self-renewal and can be classified as embryonic or somatic (BYDLOWSKI et al., 2009; 

CRISTANTE; NARAZAKI, 2011). Among somatic stem cells are mesenchymal stem cells 

(MSCs), which can be isolated from different locations, including adipose tissue, bone marrow, 

and dental pulp (COLLART-DUTILLEUL et al., 2015). MSCs can respond to external stimuli 

and give rise to countless different specialized cell lines, being responsible for tissue 

maintenance and repair (PINHEIRO et al., 2019). 

Stem cells from exfoliated human deciduous teeth (SHED) in particular have been 

considered attractive due to their easy obtaining, their non-invasive collection, and availability 

of deciduous teeth, in addition to their multipotential proliferation and differentiation capacity 
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(MIURA et al., 2003). SHEDs present minimal risk of oncogenesis and high proliferative 

capacity and can even differentiate into several cell types such as neuronal cells, adipocytes, 

and odontoblasts (MIURA et al., 2003; TAGUCHI et al., 2019). As a non-invasive resource of 

cells, SHEDs are considered a promising tool for bone regeneration, with encouraging results 

proving their osteogenic potential in vivo studies, paving the way for new research possibilities 

(MIURA et al., 2003; NAKAJIMA et al., 2018; LEE et al., 2019; PINHEIRO et al., 2019; 

PRAHASANTI et al., 2019; HIRAKI et al., 2020).  

Therefore, considering the importance of the topic and the lack of studies that analyze 

the SHEDs obtained from patients with CLP and that objectifies to develop a non-invasive 

method for the treatment of these patients, this work aims to expand the knowledge about 

autologous SHEDs and their possible use in bone regeneration of cleft lip and palate. 
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2 ARTICLES 

 

 

The articles of this thesis were written according to the submission guidelines of the 

corresponding journals. 

 
ü ARTICLE 1 - An overview on the use of SHED for bone regeneration of cleft lip and 

palate. (Submitted in Stem Cells Reviews and Reports) 

 

ü ARTICLE 2 - Characterization of stem cells from human exfoliated deciduous teeth 

(SHED) from children with cleft lip and palate.  
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2.1 ARTICLE 1 – An overview on the use of SHED for bone regeneration of cleft lip and 

palate. 

 

 

Abstract 

Over the years, stem cells have stood out in the scientific community for their 

outstanding properties. They are non-differentiated cells with the ability to proliferation and 

self-renewal and can be classified as embryonic or somatic. Among these, we highlight the stem 

cells of human exfoliated deciduous teeth (SHED) that represent a population of postnatal stem 

cells with extensive proliferation and multipotential differentiation. In vivo studies have shown 

that SHED can induce bone formation, produce dentin, and express neuronal markers. As well 

as being derived from extremely accessible tissue, they are also able to provide enough cells 

that may be used in clinical applications, cell transplants, and tissue engineering. Their 

properties indicate that SHED can become an alternative for the treatment of cleft lip and palate. 

By the fact that current techniques have disadvantages such as bleeding, nerve damage, 

aesthetic problems, pain, infection, and loss of tissue functions. Thereby, the purpose of this 

work is to present a review of studies using SHEDs in bone regeneration, emphasizing the 

treatment in patients with cleft lip and palate. 

 

Key words: Cleft Palate. Stem Cells. Mesenchymal Stem Cells. Bone Regeneration. Tissue 

Engineering. 
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Introduction 

Cleft lip, with or without cleft palate (CL/P), is the most prevalent congenital 

craniofacial defect originated by imperfect embryonic development of soft and hard tissues of 

the face area and oral cavity [1, 2]. The standard treatment performed usually at school age 

consists of a secondary graft with autogenous iliac bone, to establish a bone bridge forming the 

alveolar crest and thus closing the oronasal fistula [3, 4]. However, this method has limitations, 

such as bleeding, nerve damage, aesthetic problems, pain, infection, and loss of tissue functions 

[5, 6], which difficult the use the approach. Moreover, bone grafts using autologous cancellous 

bone may not fully integrate with the host bone and undergo resorption [7]. For this reason, a 

minimally invasive method to replace bone grafting and promote tissue regeneration has been 

broadly investigated. 

Stem cells have stood out in the scientific community due to their outstanding 

properties. They are non-differentiated cells that have the capacity for proliferation and self-

renewal [8, 9]. Mesenchymal stem cells (MSC) can be isolated from different locations, 

including adipose tissue, bone marrow, and dental pulp [10]. Stem cells of human exfoliated 

deciduous teeth (SHED) represent a population of stem cells with postnatal conditions able of 

extensive proliferation and multipotential differentiation [11]. In addition, they are stem cells 

with minimal risk of oncogenesis and high proliferative capacity, being able to differentiate into 

various cell types such as neuronal cells, adipocytes, and odontoblasts [11, 12].  In vivo studies 

have shown that SHED is apt to induce bone formation, produce dentin and express neuronal 

markers [11, 13]. As well as being derived from extremely accessible tissue, they are also able 

to provide enough cells that may be used in clinical applications, cell transplants, and tissue 

engineering [11]. Therefore, deciduous teeth began an ideal resource of stem cells to repair 

damaged dental structures, induce bone regeneration and possibly treat neural tissue injuries or 

degenerative diseases due to their higher accessibility [11, 13].    

Thus, one of the conditions that could be benefited from the use of SHED in tissue 

engineering is the cleft lip and palate. Thereby, the purpose of this work is to present a review 

of studies using SHED in bone regeneration, emphasizing the treatment in patients with cleft 

lip and palate. 

 

Cleft lip and palate prevalence  

The global prevalence of orofacial cleft is estimated in 1 out of every 500–1000 births, 

with wide variations in patients treated between regions and countries [2, 14, 15]. Craniofacial 

defects affect the quality of life and self-esteem of individuals compromised with this disorder 
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[2]. These defects result not only in aesthetic problems but also in difficulties in speech, feeding, 

and breathing [7]. 

CL/P are more often unilateral, generally on the left side, and more common in males 

[16]. Already the cleft palate occurs more in females, and the majority are associated with other 

developmental anomalies [16]. Isolated CL/P is a complex trait that usually results from a 

combination of environmental factors, maternal metabolic imbalances, and infections during 

embryogenesis [2, 16]. Additionally, maternal folic acid deficiency during the periconceptional 

period, and exposure to alcohol or teratogenic drugs may also contribute to the occurrence of 

this disorder [2, 16]. 

 

Tissue engineering 

Regenerative medicine has progressively advanced in recent years, emerging as hope 

for patients who can improve their quality of life by benefiting from new tissue engineering 

therapies, including bone regeneration [2]. The main goal of tissue engineering is to overcome 

the limitations of conventional treatments that are based on traditional reconstructive surgery 

or organ transplantation, by combining the triad of (1) cells with great growth potentials, such 

as stem cells, (2) biocompatible delivery vehicles, and (3) growth factors [17].   

Tissue engineering demands biomaterials to promote the morphological and functional 

restoration of the tissue; therefore, advances in bone regeneration using 3D biometric scaffolds 

produced in different methods and materials have enabled the investigation of new tissue repair 

options in the CLP treatment [2]. It has been related that a scaffold with specific use for bone 

tissue regeneration must simulate the structure and biological function of a healthy tissue, which 

means have similar chemical compositions, hierarchical structure, as well as enabling cell 

propagation, transport of nutrients, and thus, facilitating adherence with osteoblasts [18]. Some 

biomaterials compounds, such as bioceramics, demineralized bone matrices, bioactive glasses, 

composite materials in combination with bioactive inorganic materials, among others, are 

considered suitable for new CLP treatments due to their biological properties such as 

osteoconduction, biocompatibility, chemical similarity with natural bone, improvement of 

proliferation and differentiation of osteoblasts [2, 18, 19].  

Then, to occur bone reconstruction, osteoblasts need a scaffold and an induction 

mediator, so they can migrate to the defective area, initiating remodeling [20]. These scaffolds 

carry out a fundamental role in fixing cells and stabilizing blood clots, intending to prevent 

tissue damage during the initial regeneration phase [20]. 

Despite advances in the area, the complexity of the tissues and structures involved in 
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cleft palates, and the functional reconstruction of highly vascularized bones, such as the 

craniofacial region, is a major challenge in tissue engineering, as it requires a well-organized 

hierarchical vascular network [1, 17]. For this reason, many studies still need to be developed 

to overcome these challenges, promoting a more complete, organized, and successful 

regeneration.   

 
Use of SHED in Tissue Engineering 

 Recent advances have been observed in tissue engineering studies to replace missing or 

damaged tissues with biomaterials with a high level of biocompatibility. This has encouraged 

researchers to use human stem cells in conjunction with supports derived from biomaterials [20, 

21]. Among the cells that have been used for bone regeneration, there are SHEDs, which 

demonstrate differentiation capacity in osteoblasts [20].  

 Studies described in the literature have shown satisfactory results after using SHED for 

bone regeneration. A previous study investigated the effect of SHED transplantation after a 

bone defect was performed in the jaw of dogs [5]. After 12 weeks of the treatment, they 

observed bone neoformation both on the lingual part and on the defect floor, where it was 

compact bone [5].  

Moreover, Nakajima and collaborators (2018) investigated bone regeneration after 

application of SHED compared to human dental pulp stem cells (hDPSCs) and bone marrow 

mesenchymal stem cells (hBMSCs) in an in vivo test performed after an artificially created 

bone defect in the calvaria of immunodeficient mice [13]. In this study, they concluded that the 

transplantation of SHED and hDPSCs induced bone formation in an approximate amount 

observed after the transplantation of hBMSCs [13].  

In 2019, other two studies have also been reported. One of them produced and evaluated 

cell sheets (CSs) for cleft palate bone repair derived from human mesenchymal stem cells 

(hMSC) and SHED, which are two sources of osteogenic cells [7]. According to the authors, 

these CSs gave rise to in vitro calcification, indicating the osteogenic potential of these cells, in 

addition to expressing bone-specific osteogenic markers, Osterix (OSX), Osteocalcin (OCN), 

and Osteopontin (OPN), after insertion into cultured embryonic palatal shelves ex vivo and in 

vivo culture [7].  The other study by Prahasanti and collaborators analyzed the expression of 

biomarkers Osteoprotegerin (OPG) and the NF-Κb ligand-receptor activator (RANKL) after 

the use of a hydroxyapatite scaffold with a hydroxyapatite scaffold combined with SHED to 

correct an alveolar bone defect [20]. After in vivo analysis, it has been concluded that the 
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hydroxyapatite scaffold combined with SHED promoted an increase in OPG and decreased 

RANKL expression, proving their great potential as an effective biomaterial in the regeneration 

of the alveolar bone defect [20]. Since OPG protects the skeleton from excessive bone 

resorption by binding to RANKL and, thus preventing it from binding to your receiver RANK 

[20].  

 In addition, in 2020 another study proposed to evaluate the bone regenerative effects of 

SHEDs and conditioned medium (CM), which are paracrine factors secreted by MSCs during 

cell culture, generating potential for wound healing [4]. For this, bone defects were performed 

in calvaria of immunodeficient mice and then implanted stem cells or SHED conditioned 

medium (SHED-CM) [4]. Bone regeneration observed in this study was increased in defects 

treated with stem cells and CM compared to controls. Thus, SHED-CM proved to be more 

effective for the reconstruction of alveolar fissures in patients, as it regenerates bone in a non-

invasive way [4].  

All these results indicate the potential of using SHEDs, which may represent a new 

alternative to autologous bone transplantation in cleft palate reconstruction [8,10]. 

 
Use of dental stem cells obtained from patients with cleft lip and palate in bone 

differentiation  

Dental pulp stem cells (DPSCs) has already been defined as all populations of stem cells 

in the dental pulp tissue, which includes populations such as SHEDs [22].  

Thus, despite naming dental pulp stem cells (DPSCs), a recent study reports having 

obtained dental pulp cells from deciduous teeth from patients with CLP to compare the 

osteogenic potential of three different non-invasive sources of MSCs: stem cells from dental 

pulp (DPSCs), orbicularis oris muscle (OOMDSCs) and umbilical cord MSCs (UC-MSCs), to 

evaluate the applicability of a bioengineering alternative to traditional alveolar bone graft 

surgery in patients with cleft lip and palate (CLP) [17]. After comparison, they observed that of 

the three sources of obtaining MSC analyzed for bone tissue engineering for CLP patients, the 

best ones were DPSCs and OOMDSCs [17]. According to the study, these cells also presented 

better osteogenic potential than umbilical cord cells and the results indicate that the superior 

osteogenic potential showed in these MSCs is due to their neural crest cell origins [17]. 

 

Use of dental stem cells obtained from patients with cleft lip and palate in a clinical study 

Recently, the use of stem cells from the deciduous dental pulp associated with a 
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hydroxyapatite collagen sponge (Bio-Oss Collagen® 250 mg, Geistlich) to close alveolar 

defects during the secondary dental eruption have been described [23]. Autologous DDPSCs 

were associated with the biomaterial and used to fill the alveolar defect, showing complete 

mineralization of the new bone and its integration with the intact bone limits after 12 months 

[23]. 

Notwithstanding, for being the first clinical report of alveolar bone tissue engineering 

using DDPSC in children, the study reports the small sample size and suggested that further 

randomized clinical trials are needed to substantiate these findings [23]. 

 

Cryopreservation 

In the same way that SHEDs are easily obtained, they also have an advantage in their 

storage, since cells collected in childhood can be used in the future, through cryopreservation 

achieved by the creation and regulation of biobanks [11, 24–27]. Studies have shown that 

cryopreserved SHED maintained its characteristics of clonogenicity, self-renewal, 

multipotency, tissue regenerative capacity in vivo, in vitro immunomodulatory functions, and 

differentiation, equivalent to SHED that was not cryopreserved [24, 25].  

Behnia et al. (2014) carried out a study using isolated and characterized SHEDs that 

were cryopreserved for 5 years. They proved that even after that time, the cells combined with 

scaffold were able to promote bone regeneration in the dog's jaws without generating any type 

of immune response, ratifying the osteogenic capacity of SHEDs even after a long period of 

cryopreservation [5] 

Thus, knowing that cryopreservation does not interfere with the characteristics of these 

cells, adult patients with CLP without deciduous teeth could have SHEDs for use in bone 

regeneration. However, additional clinical studies are of paramount importance to achieve this 

technology [13]. 

 

Conclusion and Future Perspectives 

 It is noteworthy that many efforts have been conducted so that bone regeneration is 

performed using non-invasive materials, such as the use of scaffolds and stem cells such as 

SHEDs, which can bring benefits to the treatment and quality of life of several patients, 

including those with cleft lip and palate. However, despite being a promising alternative, there 

are still few reports in the applicability literature, especially in patients with CL/P, and  hence, 

more studies are needed. Among such, the use of autologous SHEDs stands out since, due to 

the multifactorial origin of the cleft lip and palate, cells may present specific characteristics, 
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that are not yet identified, in comparison with the SHED of patients without CLP. Nevertheless, 

it reinforces that the properties of SHED, even in patients without cleft, indicate that the use of 

these cells to treat cleft lip and palate may be a successful alternative to existing methods. 
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2.2 ARTICLE 2 – Characterization of stem cells from human exfoliated deciduous teeth 

(SHED) from children with cleft lip and palate. 

 

Abstract 
 

This study compared the characterization of stem cells from human exfoliated 

deciduous teeth (SHEDs) between children with and without cleft lip and palate (CLP), aiming 

to analyze whether autologous SHEDs may be considered as an option so that, soon, they can 

be used as an alternative in the reconstruction of alveolar clefts in patients with CLP. Dental 

pulp tissues were obtained from six healthy deciduous teeth in exfoliation stage, from six donors 

aged between 4 and 12 years, and divided into Control and Cleft Group. The dental pulp cells 

obtained in the primary culture were analyzed immunophenotypically and collected those with 

positive expression of cell surface markers CD105, CD73, CD90 and negative for CD45, CD34, 

CD11b, CD19, HLA-DR (PE). The cells were subjected to multilineage differentiation and 

were morphologically analyzed. The difference immunophenotypic between groups was 

analyzed by Student's t-test, and the level of significance was set at 5% (p < 0.05). Plastic 

adhesion was demonstrated, and high levels of MSC markers were identified in both groups, 

with positive expression of CD105, CD73, and CD90 (≥95% positive) and absence of 

hematopoietic lineage markers CD45, CD34, CD11b, CD19, and HLA- DR (≤2% positive). 

Pulp cells demonstrated adipogenic, osteogenic, and chondrogenic differentiation capacity. The 

morphological analysis identified a slightly smaller nucleus and proliferative capacity lower in 

the time evaluated in the Cleft group. There was a statistically significant difference (p=0.042) 

when comparing the amount of cells obtained after immunophenotypic analysis, being greater 

in the Cleft group. After confirming the standard criteria for defining multipotent MSCs in both 

groups, it was possible to confirm the isolation and characterization of SHED in all samples, 

and the characterization between the SHEDs of both groups had no differences. These results 

suggest that SHEDs from children with CLP can be considered an option for future 

investigations into the autologous use of cells in therapeutic intervention. 

 

Key words: Cleft Palate. Cleft Lip. Tooth, Deciduous. Mesenchymal Stem Cells. Stem Cell 

Research. 
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INTRODUCTION 

 
Cleft lip and/or palate (CLP) are the most prevalent congenital anomalies affecting 

orofacial structures [1–3]. A cleft can be defined as a congenital abnormal gap in the upper lip, 

alveolus, or palate [1]. CLP can occur in different combinations or individually, being classified 

according to the extent of palatal involvement and has a worldwide incidence of approximately 

1 in every 700 live births [1, 3]. The etiology of orofacial clefts is complex and multifactorial. 

It is believed that these anomalies may be caused by a combination of genetics and 

environmental factors [1, 3, 4]. Environmental or teratogenic risk factors include smoking, and 

the use of alcohol or medications such as retinoids, among others [1, 4]. Among the genetic 

factors, the origin can be syndromic, when associated with another malformation, or non-

syndromic, in which cleft is an isolated characteristic and occurs in most individuals with cleft 

lip or palate, without a defined cause [1, 5].  

For the reconstruction of alveolar bone defects, the most accepted therapeutic 

intervention consists of secondary alveolar bone graft in the mixed dentition stage using 

autogenous iliac bone [2, 3, 6–8]. However, this method has disadvantages for pediatric 

patients, where availability for bone collection may be limited, as it is an invasive process with 

potential risks for the donor area, such as infection, paresthesia, postoperative pain, and 

problems of healing [6, 8, 9]. Tissue engineering strategies have become an alternative since it 

can offer the possibility of using biomaterials directed to tissues and cells, to be applied in the 

affected area to provide tissue regeneration [6]. 

Studies have shown great interest in the use of mesenchymal stem cells as a stimulating 

factor for endogenous tissue regeneration for possible use in clinical applications [10, 11]. Stem 

cells from exfoliated human deciduous teeth (SHED) in particular have been considered 

attractive due to their easy obtaining, their non-invasive collection, and availability of 

deciduous teeth, in addition to their multipotential proliferation and differentiation capacity 

[12]. As a non-invasive source of cells, SHEDs are considered a promising tool for bone 

regeneration, with encouraging results proving their osteogenic potential in vivo studies, paving 

the way for new research possibilities [2, 12–16].  

Thereby, this study compared the characterization of SHED between children with and 

without cleft lip and palate, aiming to analyze whether the autologous SHEDs from children 

with CLP do not have differences concerning cells obtained from children without CLP. And 

thus can be considered an alternative for use therapeutic in the reconstruction of alveolar clefts, 
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although genetic factors may be involved in orofacial malformation, and abnormal dentition 

development has already been reported [1]. 

 

MATERIAL AND METHODS 

 This study was approved by the Ethics Committee of the Bauru School of Dentistry 

(CAAE 30951220.8.0000.5417), and the Hospital for Rehabilitation of Craniofacial Anomalies 

of the University of São Paulo (HRAC/USP) (CAAE 30951220.8.3001.5441). All those 

responsible for the pediatric participants signed the Free and Informed Consent Term, and the 

minors signed the Free and Informed Assent Term prepared in an accessible language. 

 

Subjects 

 For the isolation of SHEDs, dental pulp tissues were obtained from six healthy 

deciduous teeth in the exfoliation stage, presenting at least one-third of physiological root 

reabsorption, or with an indication of extraction [17]. The six samples collected were divided 

according to the participants between the Control and Cleft Groups (Table 1). Study participants 

in the Control Group were 6, 11, and 12 years old. While those in the Cleft Group were 4, 8, 

and 9 years old and presented different types of cleft lip and palate. Cleft Group teeth were 

extracted by a Pediatric dentistry upon request during plastic surgery for repair. 

 

   Table 1. Description of the samples, group, age, and teeth collected. 
 

SAMPLE GROUP AGE TOOTH 

A Control 11 53 

B Control 12 53 

C Control 6 72 

D Cleft 8 51 

E Cleft 4 52 

F Cleft 9 52 

 

 

Cell Culture 

After extraction each tooth was immediately stored in a falcon tube (Corning-Costar 

Corp., Corning, NY, United States) containing a solution with MEMα medium (Minimum 

Essential Medium α – Gibco, by Life Technologies®) supplemented with 10,000 IU/mL 

penicillin, 10,000 µg/mL streptomycin, 25 µg/mL amphotericin B (Antibiotic-Antimycotic 

(100X), Gibco, Life Technologies®) and 10 mg/mL gentamicin (Gibco, Grand Island, NY, 
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USA) on ice. In the biological safety cabinet, each pulp tissue was carefully removed by 

curettage [17]. To perform the explant technique to obtain primary culture, the pulp tissues were 

chopped into the smallest possible sizes with the aid of a scalpel [18]. Then, the tissues were 

left in a Petri dish with the same solution of MEMα medium supplemented with antibiotics, and 

antifungal for 40 minutes in a CO2 incubator at 37ºC to eliminate possible contamination. After 

this period, the samples were centrifuged at 1200 rpm for 5 minutes. The supernatants were 

discarded, and each pellet was resuspended in 3ml of MEMα medium supplemented with 20% 

FBS (Fetal Bovine Serum - Gibco, Life Technologies®, South America), which were cultured 

in 25cm2 culture flask (Corning-Costar Corp.) at 37ºC in an atmosphere of 5% CO2 until 

reaching 70–90% confluence [19]. The culture medium was replaced every 3 days. After the 

first expansion, the cells were subcultured in 75cm2 culture flask (Corning-Costar Corp.) to 

reach enough for use in the characterization. 

 
SHED characterization 

 The cells between the first and third passage (P1 and P3) were dissociated with 

TrypLETM (Gibco) at 37°C for 5 minutes and were analyzed by immunophenotyping. Each of 

the pulp cells obtained from the explant was evaluated by flow cytometry (BD FACSAria™ 

Fusion) using the Human MSC Analysis kit (BD StemflowTM, BD Biosciences, San Jose, CA, 

USA) to confirm that they were mesenchymal stem cells (MSCs). The kit enables the 

identification of MSCs by analyzing positive expressions of cell surface markers CD105 PerCP-

Cy5.5, CD73 APC, CD90 FITC, and negative expressions of CD45, CD34, CD11b, CD19, 

HLA-DR PE [17, 20, 21]. All pulp cells were prepared according to the kit manufacturer's 

protocol, then the cells at 1×106 concentration marked with monoclonal antibodies passed 

through the flow sorting process, where the separation of pure and homogeneous cell 

populations occurs, according to predefined criteria. After that, the likely isolated and purified 

SHEDs were placed in a collection tube with culture medium to be expanded again and used in 

differentiation experiments to complete the criteria for defining human MSCs, according to the 

Committee on Mesenchymal and Stem Cells Tissues of the International Society for Cell 

Therapy (ISCT) [21]. 

 

Adipogenic Differentiation 

In a 12-well plate (Kasvi, São José dos Pinhais, PR, Brazil), the cells from each sample 

were seeded in triplicate at a concentration of 1×104 cells, according to the manufacturer. After 

24 hours of culture in MEMα 10% FBS medium, the cells were washed with DPBS (Dulbecco's 
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Phosphate-Buffered Saline, Gibco), and the culture medium was changed to specific adipogenic 

culture medium supplemented with growth factors, prepared according to the kit protocol 

(StemPro® Adipogenic Differentiation Kit; Gibco). The medium was replaced every 3-4 days 

for 14 days. 

For evaluation, the cells were stained with oil red O (Oil Red O, Sigma Aldrich, St. 

Louis, MO). Briefly, all medium was removed, wells were washed twice with PBS (Phosphate-

Buffered Saline, Gibco) and fixed with 60% isopropanol (Sigma Aldrich) for 5 minutes at room 

temperature. Then, the cells were stained with 0.5% oil red O for 15 minutes at room 

temperature. The washing was done once with 60% isopropanol, and distilled water twice. The 

observation of cellular structures and lipid vesicles was performed under inverted microscopy 

(Olympus CKX41) [16]. 

 

Osteogenic Differentiation 

In a 12-well plate, the cells obtained from each sample were seeded in triplicate at a 

concentration of 1×104 cells. After 24 hours of culture in MEMα 10% FBS medium, the culture 

medium was changed to specific osteogenic induction medium supplemented with growth 

factors prepared according to the manufacturer (StemPro® Osteogenesis Differentiation Kit; 

Gibco), with replacement of the medium every 3-4 days for 21 days.  

After 21 days in culture, the wells were washed with DPBS and the cells were fixed 

with 4% formaldehyde (Sigma Aldrich) for 30 minutes at room temperature. After fixation, the 

wells were washed twice with distilled water, then stained with a 2% alizarin red S solution (pH 

4.2; Sigma Aldrich) for 3 minutes. For the final wash, each well was washed with DPBS three 

times. The formation of the mineralized extracellular bone matrix was observed by inverted 

microscopy. 

 

Chondrogenic Differentiation 

 According to the manufacturer's protocol, in a 12-well plate, cells were seeded in 

triplicate at a concentration of 1×104 cells. After 24 hours of culture in MEMα 10% FBS 

medium, the culture medium was changed to specific chondrogenic differentiation medium 

supplemented with growth factors prepared according to the kit protocol (StemPro® 

Chondrogenic Differentiation Kit; Gibco), which was replaced every 3-4 days for 21 days. 

After this period, to evaluate chondrogenic differentiation, alcian blue staining was 

performed to identify the proteoglycan or extracellular matrix released by chondrocytes [16]. 

The induction medium was removed from the cell cultures, which were washed with DPBS and 
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fixed with 4% formaldehyde for 30 minutes at room temperature. Then, the cells were washed 

with DPBS and stained with 1% alcian blue (Sigma Aldrich) for 30 minutes in the dark at room 

temperature. After being stained, the wells were washed three times with 0.1N hydrochloric 

acid (HCl), and distilled water was added to neutralize the acidity. The blue color, which 

indicates the synthesis of proteoglycans by chondrocytes, was observed with the aid of inverted 

microscopy. 

 

Cell Morphology 

 For morphological evaluation of SHEDs, in a 6-well plate (Kasvi), the cells obtained 

from each patient were seeded at a concentration of 1×104 cells per well. After 24h in culture 

for adhesion in MEMα 10% FBS medium, the cells were washed with PBS, and the medium 

was replaced. After 72h of culture, cells were fixed in 4% formaldehyde for 30 minutes. Then, 

cells were washed three times with PBS, and then 1.5% crystal violet solution was added to 

each well for 5 minutes. The solution was removed, and the wells were gently washed under 

running water. Cell morphology was observed by an experienced examiner using an inverted 

microscopy. 

 

Statistical analysis 

Statistical analysis was obtained with Jamovi® (Jamovi® Statistical Software, Version 

1.6). The normality test was applied and the difference between groups was analyzed by 

Student's t-test. The level of significance was set at 5% (p < 0.05). 

 

RESULTS 
 

Cell Culture 

 Samples collected from deciduous dental pulp were subjected to the explant technique, 

and the pulp cells were observed between 14 days after cell culture (Figure 1). 
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Figure 1. Adherent cell morphology after 14 days of isolation of deciduous tooth pulp tissues in Control (a, b, and 
c) and Cleft (d, e, and f) groups. There is a similarity in the fibroblastoid morphology in the samples. Scale bar= 
100 µm.  
 

 

SHED characterization 

 The immunophenotyping carried out by flow cytometry was analyzed using the 

FlowJo™ v10 software (BD Life Sciences).  

Figure 2 shows the initial gates (size (FSC-A) by granularity (SSC-A)) performed for 

each sample of the two groups. After selecting the cells of interest negative for CD45, CD34, 

CD11b, CD19, HLA-DR (PE), and positive for CD90 (Figures 3A and 3C), they were separated 

and analyzed again for positivity for CD73 and CD105 (Figures 3B and 3D). Thus, only CD45-

/CD34-/CD11b-/CD19-/HLA-DR- and CD105+/CD73+/CD90+ cells were collected and 

considered SHEDs. 
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Figure 2. Dot plot obtained by flow cytometric analysis demonstrates the gates for cell analysis, as well as 
the difference between the size (FSC-A) and the granularity (SSC-A) of the cells from participants of the 
Control group (A, B, and C) and Cleft group (D, E, and F).  
 

 
Figure 3. Dot plot obtained by flow cytometry analysis showing the gates for CD45-/CD34-/CD11b-/CD19-
/HLA-DR- (PE hMSC Negative Cocktail)/CD90+ (A and C) and CD73+/CD105+ (B and D) cells analysis 
demonstrated by cells from participants of the Control group (A and B) and participants of the Cleft group (C and 
D). 
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The expression of positive and negative MSC markers observed in the SHEDs of each 

group was also demonstrated through histograms (Figure 4). And the average percentages of 

positive pulp cells for each surface marker were described by groups in Table 2.   

 
Figure 4. Flow cytometry histograms of negative (CD45, CD34, CD11b, CD19, HLA-DR (PE)) and positive 
(CD90 FITC, CD105 PerCP-Cy5.5, CD73 APC) expression of cell surface antigens in an expansion of MSCs 
derived from exfoliated human deciduous tooth pulp.    
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Table 2. Means of pulp cell populations positive for each MSC surface marker identified in the group samples 
after sorting flow process. 

ANTIGEN 

CONTROL GROUP CLEFT GROUP 

Positive population mean 

(%) 

Positive population mean 

(%) 

CD 105+ PerCP-CyTM5.5 95.4 95.0 

CD90+ FITC 99.8 99.7 

CD73+ APC 99.8 99.8 

CD45/CD34/CD11B/CD19/HLA-DR+ 

PE hMSC Negative Cocktail 
0.5 0.5 

 

Adipogenic Differentiation 

Primary cultures of MSCs obtained from the pulp of human deciduous teeth exfoliated 

between the fourth and sixth passage (P4 and P6) were cultivated in adipogenic induction 

medium for 14 days. After this period, morphological alterations and the formation of 

intracellular lipid vesicles in cultured cells were observed, in both groups. Microscopy revealed 

the presence of lipid vesicles stained with Oil Red O, indicating differentiation into adipose 

cells, as shown in figure 5. 

 
Osteogenic Differentiation 

 Primary cultures of MSCs between the fourth and sixth passage (P4 and P6) were 

induced for osteogenic differentiation for 21 days in osteogenic culture medium. In the end, 

after staining with 2% alizarin S red, the formation of the bone matrix was observed, in both 

groups, through inverted microscopy, as seen in figure 5. 

 

Chondrogenic Differentiation 

 To perform chondrogenic differentiation, MSCs were cultured for 21 days in 

chondrogenic induction medium supplemented with growth factors. Then, they were stained 

with 1% alcian blue. Figure 5 identify the synthesis of proteoglycans by chondrocytes and the 

formation of the cartilaginous matrix, in both groups, through the blue color visualized by 

inverted microscopy. 
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Figure 5. Formation of intracellular lipid vesicles observed in SHEDs after adipogenic induction for 14 days in 
Control (a, b, and c) and Cleft (d, e, and f) groups. Osteogenic differentiation after 21 days of induction, stained 
with alizarin red S, showing bone matrix formation in Control (a, b, and c) and Cleft (d, e, and f) groups. 
Chondrogenic differentiation after 21 days of induction, stained with 1% alcian blue indicating the synthesis of 
the cartilage matrix in Control (a, b, and c) and Cleft (d, e, and f) groups. Scale bar= 100 µm.  
 

Cell Morphology 

 After 72 hours of cultivation of isolated and purified SHEDs between the fourth and 

sixth passage (P4 and P6), the morphology of the cells was observed by inverted microscopy. 

Figure 6 exhibits the morphology and the proliferation of each sample cultivated under the same 

conditions. The samples from the Control group showed a higher proliferation compared to the 

Cleft group. 

 

 
Figura 6. SHEDs culture after 72h in MEMα medium supplemented with 10% FBS, characterizing the 
morphology and showing the difference in cell proliferation between Control (a, b, and c) and Cleft (d, e, and f) 
groups. Scale bar= 100 µm.   
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Statistical analysis 

 Analysis of CD105 +, CD73 +, CD90 +, CD45-, CD34-, CD11b-, CD19, HLA-DR- 

(PE) surface markers revealed that of the total extracted cells in each group, 28.8% corresponds 

to the SHEDs in the Control Group, and 42.5% in the Cleft Group. The Shapiro-Wilk normality 

test showed that the data are normally distributed (p=0.133), and the Student t-test applied 

exhibited a statistically significant difference (p=0.042) between the groups (Table 3). 

 

Table 3. Descriptive analysis of data obtained from both groups after Flow Cytometry and Student’s t-test. 

  Group N Mean Median SD p 

SHEDs  Control  6  28.8  26.3  9.56  

0.042* 

 

  Cleft  5  42.5  46.5  9.71   

       *Indicate a statistically significant difference (p < 0.05) 
 

 
 

DISCUSSION 

 In recent years, various studies have been conducted to evaluate the effectiveness of 

SHEDs for therapeutic purposes, emphasizing their use in bone regeneration through tissue 

engineering [2, 12–16, 22]. It stands out that because they originate from neural crest cells, 

SHEDs may have a tissue origin similar to mandibular bone cells, being an appropriate resource 

for regeneration of alveolar and orofacial bone defects [16, 22]. Furthermore, SHEDs have 

potential advantages for use in tissue engineering regenerative applications due to their 

multilineage differentiation capability and immunomodulatory properties [22, 23]. This work 

highlights the importance of comparing the characterization of SHEDs derived from the pulp 

of deciduous teeth of children with and without cleft lip and palate for possible autologous use, 

for all its potential already described and because they are an accessible source of cells during 

childhood, a period in which it is recommended surgical intervention for bone repair. The 

SHEDs obtained in both groups reached similar results in the characterization, being considered 

candidates for use in tissue engineering. 

 According to the ISCT, the minimal criteria to defining human MSC are plastic 

adherence, specific surface antigen expression, and potential for multipotent differentiation 

[21]. Our study proved the plastic adherence and revealed high levels of MSC markers in both 

groups, with positive expression of CD105, CD73, and CD90 (≥95% positive) and absence of 

hematopoietic lineage markers CD45, CD34, CD11b, CD19, and HLA-DR (≤2% positive). It 

has been reported that besides the quantification of fluorescence emission or biomarker 
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detection, other information can be drawn from the analysis of flow cytometry [24]. The 

selection of the population of interest in the dot plot, where forward scatter (FSC) is mainly 

related to cell size and side scatter (SSC) to cell granularity or complexity, revealed that there 

was a difference between the analyzed groups. As shown in Figure 2, different characteristics 

were observed in the dispersion of cell populations, with the Cleft Group having higher SSC 

values compared to the Control Group. There is a report in the literature that the SSC signal 

measured by flow cytometry is a variable correlated with membrane irregularity and internal 

cell granularity, such as cytoplasmic membrane wrinkling, number and shape of vesicles and 

mitochondria, development of endoplasmic reticulum, and structure from the cell nucleus [24]. 

This study also describes that there may be a permanent shuffling between the compartments 

of the pluripotent stem cells (PSCs) analyzed, with a tendency to apoptosis for cells with the 

highest SSC values and to differentiation for cells with the lowest SSC values, since that the 

SSC of PSCs drastically decreases after differentiation [24]. The authors suggest that SSC could 

be used as a simple and rapid tool to monitor loss of pluripotency during cell culture or 

differentiation of PSCs [24]. Despite not being pluripotent cells, the SHEDs of participants with 

CLP analyzed here showed greater granularity and this finding may be related to membrane 

irregularity or internal cell granularity since they were observed before differentiation. 

However, further studies are needed to evaluate and confirm these hypotheses. 

 Regarding the statistical analysis, a statistically significant difference was noted when 

comparing the pulp cells obtained after flow sorting process of the two groups. In the Cleft 

Group, the identification of cells with MSC antigen expressions was higher compared to pulp 

cells in the Control Group.  

It has already been described some abnormal dental conditions during dentition 

development related to cleft lip and palate [1]. Studies propose that orofacial clefts and tooth 

development appear to have a similar genetic basis and thus, genetic mutations that lead to 

orofacial clefts can also result in a delay in tooth development [25, 26]. For this reason, 

differences between the characterization of SHEDs obtained from both groups could be 

expected. A study in Singapore reported that children with unilateral cleft lip and palate 

demonstrated delayed tooth maturation and a higher occurrence of asymmetric tooth pair 

formation of permanent teeth than children without CLP [27]. In contrast, Cesur et al. (2020) 

did not observe differences in dental ages between participants with unilateral CLP and healthy 

controls, nor asymmetrical tooth development in the lower teeth on the cleft or non-cleft side 

in individuals with CLP unilateral [26]. However, after evaluations performed using the 

Demirjian method, their study identified that the dental and chronological ages of individuals 
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were incompatible [26]. This last study corroborates another one conducted by Topolski et al. 

(2014), where after evaluating the dental development of Brazilian children and adolescents 

with and without cleft lip and palate, no significant delay in dental age was observed between 

the groups [28]. Given this, it is not possible to affirm that the dental and/or chronological age 

of the collected samples would alter the characterization of SHEDs between the groups in this 

study, even knowing that during embryological development, the formation of tooth germ is 

directly related to CLP concerning time and anatomical position [26, 29, 30].  

Furthermore, among the standard criteria for characterization of MSCs, one of the 

relevant biological properties is their multipotent differentiation potential, in other words, the 

ability to differentiate into at least three types of tissues of the mesenchymal lineage [21]. Thus, 

in the present study, the pulp cells isolated in all samples demonstrated the capacity for 

adipogenic, osteogenic, and chondrogenic differentiation when exposed to the specific 

differentiation culture medium.  

Adipogenic differentiation was confirmed by the change in cell morphology observed 

after positive staining for oil red O, being similar to adipocytes with the formation of lipid 

vesicles, as seen in a previous study [31]. In osteogenic differentiation, positive alizarin S red 

staining was detected, confirming that all samples differentiated. As calcium forms complexes 

with alizarin red S in the chelation process, calcium deposition from osteogenic lineage can be 

observed with this stain [31]. Thus, all samples showed calcium in the analyzed mineralized 

tissues. And, in chondrogenic differentiation, proteoglycans were found after staining with 

Alcian Blue. It has been reported that Alcian Blue stains acidic polysaccharides such as 

glycosaminoglycans in cartilage and proves the ability of these cells to secrete proteoglycan 

[31]. Our findings corroborate the results obtained by Yamashita et al. (2010) that related in 

their study that during the differentiation process, round-shaped cells eliminated from the 

aggregates and identified as chondrocytes formed cartilaginous aggregates [32].  

Although it has already been reported that SHEDs do not directly differentiate into 

osteoblasts, these cells induce bone formation by recruiting osteogenic host cells in vivo [12]. 

And for that reason, deciduous teeth may not only guide the eruption of permanent teeth but 

may also be involved in inducing bone formation during this phase [12, 22]. Thereby, a 

limitation of this study that could be evaluated is the osteogenic potential between SHEDs of 

children with and without CLP. Additional studies that quantify and compare the extracellular 

bone matrices formed or the levels of gene expression associated with differentiation, including 

osteoblast marker genes, could verify whether there are differences between the groups. As a 
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result, it would be possible to investigate whether the genetic alterations involved in orofacial 

anomalies can interfere with or favor differentiation.  

Other characteristics, such as morphology and cell proliferation, also had the tendency 

observed in this study. Despite the morphology of adherent cells being demonstrated after 

primary culture, cell morphology and proliferation were also observed after crystal violet 

staining, used for better visualization. The staining revealed that cell proliferation of SHED in 

the Cleft group was visibly lower compared to the Control group, maintained in cell culture for 

72 hours under the same conditions. Nevertheless, although the proliferative capacity having 

been lower in the time evaluated and the morphological alterations, with a slightly smaller 

nucleus observed in the Cleft group, both had similar expressions of MSC antigens and 

multilineage differentiation potential. 

Dental pulp and the orbicularis oculi muscles were recently considered the best sources 

for obtaining MSCs for bone tissue engineering for patients with CLP due to their better 

osteogenic potential compared to the umbilical cord [16]. SHEDs offer an easily accessible and 

non-invasive stem cell resource, with potential for use in regenerative medicine and therapeutic 

application [23, 33, 34]. Regardless of this, studies report that all primary human cells exhibit 

a finite proliferative capacity in culture and, after a limited number of cell divisions, enter cell 

senescence [23, 35]. This justifies the study proposed here so that patient-derived SHEDs can 

be considered for use in future therapies, emphasizing autologous application in patients with 

CLP. 

 

CONCLUSION 

 Concerning the analyses of pulp cells isolated from deciduous teeth and confirmation 

of the standard criteria for defining multipotent MSCs in the two different groups, it was 

possible to confirm the SHED isolation and characterization in all samples. Our study showed 

that, although higher SHED values were found in the Cleft group during immunophenotyping, 

and a slower proliferation rate was observed in the morphological analysis, the characterization 

between the SHEDs of both groups had no differences. These results suggest that SHEDs from 

children with CLP can be considered an option for future investigations into the autologous use 

of cells in therapeutic intervention. Notwithstanding, future studies are still needed to evaluate 

possible internal differences between cells, analyze the growth curve between groups and 

quantify osteogenic differentiation, aiming to identify whether the cleft could favor bone 

regeneration through tissue engineering.  
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3 DISCUSSION 

 

 

In recent years, various studies have been conducted to demonstrate the effectiveness of 

SHEDs for therapeutic purposes, with emphasis on their use in bone regeneration through tissue 

engineering (MIURA et al., 2003; LIU et al., 2015; NAKAJIMA et al., 2018; LEE et al., 2019; 

PINHEIRO et al., 2019; PRAHASANTI et al., 2019; HIRAKI et al., 2020). Considered 

immature MSCs obtained from naturally exfoliated deciduous teeth, these cells offer an easily 

accessible and non-invasive stem cell source with potential for use in regenerative medicine, as 

they have multilineage differentiation capacity and immunomodulatory properties (BRAR; 

TOOR, 2012; KASHYAP, 2015; LIU et al., 2015; WANG et al., 2018). It is thought that 

because they originate from neural crest cells, SHEDs may have a tissue origin similar to 

mandibular bone cells, being an appropriate resource for the regeneration of alveolar and 

orofacial bone defects (LIU et al., 2015; PINHEIRO et al., 2019).  

The comparison between the characterization of SHEDs derived from the pulp of 

deciduous teeth of participants with and without cleft lip and palate, for possible autologous 

use, had not yet been investigated and, considering the importance of the topic, this work aimed 

to expand knowledge about the use of SHEDs obtained from participants with CLP for bone 

regeneration 

It has already been reported that primary human cells lose their proliferative capacity 

after a limited number of cell divisions, entering cellular senescence (HAYFLICK, 1965; 

WANG et al., 2018). This justifies the study proposed here so that the cells obtained from the 

patient can be used in future therapies, considering that regenerative medicine has progressively 

advanced, appearing as a hope for those who can benefit from bone regeneration, improving 

the living condition of these individuals (MARTÍN-DEL-CAMPO; ROSALES-IBAÑEZ; 

ROJO, 2019). The SHEDs of participants with and without cleft analyzed here showed no 

differences in characterization, and although additional studies are still needed, these cells 

become an alternative for further research that discusses the use of autologous SHEDs. 

The principal purpose of tissue engineering is to overcome the limitations of 

conventional treatments of traditional reconstructive surgery or organ transplantation 

(PINHEIRO et al., 2019). Despite advances in the area, the functional reconstruction of highly 

vascularized bones, such as those in the craniofacial region, is a major challenge since it 
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depends on a well-organized hierarchical vascular network (MARTÍN-DEL-CAMPO; 

ROSALES-IBAÑEZ; ROJO, 2019). For this reason, many studies still require to be developed 

to overcome these challenges, promoting a more complete, organized, and successful 

regeneration.
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4 CONCLUSIONS 

 

Considering the analyses carried out, it is possible to conclude that: 

 

Conclusion Article 1 - It is noteworthy that many efforts have been conducted so that 

bone regeneration is performed using non-invasive materials, such as the use of scaffolds and 

stem cells such as SHEDs, which can bring benefits to the treatment and quality of life of several 

patients, including those with cleft lip and palate. However, despite being a promising 

alternative, there are still few reports in the applicability literature, especially in patients with 

CLP and, hence, more studies are needed. Among such, the use of autologous SHEDs stands 

out, since, due to the multifactorial origin of the cleft lip and palate, cells may present specific 

characteristics, that are not yet identified, in comparison with the SHED of subjects without 

CLP. Nevertheless, it reinforces that the properties of SHED, even in subjects without cleft, 

indicate that the use of these cells to treat cleft lip and palate may be a successful alternative to 

existing methods. 

 

Conclusion Article 2 -  Concerning the analyses of pulp cells isolated from deciduous 

teeth and confirmation of the standard criteria for defining multipotent MSCs in the two 

different groups, it was possible to confirm the SHED isolation and characterization in all 

samples. Our study showed that, although higher SHED values were found in the Cleft group 

during immunophenotyping, and a slower proliferation rate was observed in the morphological 

analysis, the characterization between the SHEDs of both groups had no differences. These 

results suggest that SHEDs from children with CLP can be considered an option for future 

investigations into the autologous use of cells in therapeutic intervention. Notwithstanding, 

future studies are still needed to evaluate possible internal differences between cells, analyze 

the growth curve between groups and quantify osteogenic differentiation, aiming to identify 

whether the cleft could favor bone regeneration through tissue engineering. 
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