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			Abstract

			Dental Stem cells are undifferentiated cells isolated from tooth and associated structures. Dental stem cells can be easily obtained from both adult and deciduous teeth, the periodontal ligament, the apical papilla and the dental follicle. Their subsequent differentiation can be utilized to replace the lost tooth structures. Here we aim to highlight potential of dental stem cells from varied origin for tooth regeneration. Several studies have demonstrated tooth tissue regeneration. Application of recent 3D bioprinting technology has further enhanced probability of accurate tooth tissue regeneration. However complete tooth regeneration is still a future thing.
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			Introduction

			Mesenchymal stem cells (MSCs) are the unspecialized cells that have the capacity to differentiate into multiple specialized cell types, each having new specialized cell functions. Though adult stem cells are not totipotent like embryonic stem cells, they have proliferative, differentiating and regenerative potential. There is great potential for the isolation of MSCs from a single tooth that may have a wide range of uses. Stem cells have been obtained from the dental pulp of both adult and deciduous teeth, the periodontal ligament, the apical papilla and the dental follicle. Dental stem cells are obtained relatively easily, thus making them an appropriate source for autologous stem cell transplantation to replace lost tooth structures.

			Repair of dental pulp and periodontal ligament is a huge clinical challenge as human teeth exhibit very limited regeneration capacity. Stem cells may be useful for restoring vital pulp tissue lost because of infection, periodontal tissues damaged due to periodontal diseases and for reestablishment of lost partial or complete tooth structures to form biological implant. These cells may be used for dentinal repair of many teeth. This mini review aims to highlight potential of dental stem cells from varied origin for tooth regeneration.

			
Dental stem cells: types and regenerative potential

			Gronthos et al. [1] isolated stem cells from dental pulp of impacted third molars and it was termed dental pulp stem cells (DPSC). These cells have a high proliferation rate and the ability to sustain self- renewal. DPSCs when transplanted in immunocompromised mice demonstrated the ability to form functional dental tissue in the form of pulp- dentin complex. 1 Further study demonstrated that DPSCs were also capable of differentiating into other mesenchymal cell derivatives in vitro such as odontoblasts, adipocytes, chondrocytes and osteoblasts [2,3]. It has been documented that stem cells isolated from the pulp of human exfoliated deciduous teeth (SHED) can generate dentine, inducing bone formation and differentiation into other non-dental mesenchymal cell derivatives in vitro [4,5].

			SHED and other dental stem cells are derived from neural crest ectomesenchyme, and so may appear developmentally identical but studies have shown that there are differences. Compared to DPSCs, SHED have higher proliferation rates, increased population doublings and osteoinductive capacity in vivo [6]. In a study, SHED was seeded onto tooth slices/ scaffolds and implanted subcutaneously into immunodeficient mice, it was found that SHED differentiated into functional odontoblasts capable of generating tubular dentine and angiogenic endothelial cells [7]. In another study, combining SHED with injectable scaffolds (Puramatrix™ and rh Collagen type I) revealed appreciable survival of dental stem cells when injected into human premolar root canals in vivo, complete reconstruction of vascularized pulp tissue throughout the root canal, and differentiation to DSPP and DMP-expressing odontoblasts responsible for generation of  new dentin [8]. 

			Stem cells from apical papilla (SCAP) are characterized by a high proliferation rate that makes them suitable for forming odontoblast-like cells for a cell-based regeneration, being able to produce dentin in vivo and to complete the root formation. SCAP is an important cell source for pulp regeneration as the apical papilla can survive even during the process of cell necrosis. SCAP can differentiate into odontoblasts and adipocytes and SCAP exhibit higher proliferation rates than DPSC [9]. Huang et al. [10] demonstrated that the in vivo implantation of SCAP with a scaffold allowed the formation of pulp-like tissues in the root canal. The formation of heterotopic dental pulp/dentin complex in empty root canals using SCAP-cell sheet-derived pellet even without a scaffold has been reported by another study [11].

			In immuno-compromised mice, using ex vivo–expanded human DPSCs and SCAP, synthetic scaffolds and human root segments, the regeneration of vascularized pulp-like tissue and the formation of dentin-like mineral structures depositing onto the existing dentinal wall in the root canal space was demonstrated. 10 It was found that the root canal space was entirely filled by a pulp-like tissue with well-established vascularity. Furthermore, along the canal dentinal wall, deposition of a continuous layer of dentin-like tissue was observed.

			The stem cells from human periodontal ligament (PDL) are capable of differentiation along mesenchymal cell lineages to produce cement oblast-like cells, adipocytes, and connective tissue rich in collagen I [13]. The cell surface marker characteristics and differentiation potential of periodontal ligament stem cells (PDLSC) has been displayed to be comparable to bone marrow stromal stem cells and DPSC [13]. Transplantation of PDLSC into immuno-compromised mice, resulted in formation of cementum/PDL-like structures.

			Co- transplantation of both SCAP (to form the root) and PDLSC (to from the periodontal ligament) into tooth sockets of mini pigs model resulted in generation of a root/ periodontal complex which was competent of supporting a porcelain crown thus restoring normal tooth function [9]. This suggests that these cell populations can be used to generate biological roots like metal implants, by capping with artificial crowns. The dental follicle is considered a multipotent tissue, as it has the capacity to generate cementum, bone and PDL from the ectomesenchyme-derived fibrous tissue. Dental follicle precursor cells (DFPC) have also been isolated and grown under defined tissue culture conditions.  More recently, characterization of these stem cells has exhibited their potential for use in tissue engineering applications, including periodontal and bone regeneration [14].

			A novel approach for clinical translation of these biology- based studies would be the endogenous recruitment of progenitor/ stem cells into the root canals for dental pulp regeneration. Advances are being made to develop and replace entire tooth in adult environment thus achieving complete tooth regeneration. 

			Current trend: 3D bio-printed dental tissue regeneration using dental stem cells

			In this context, modern 3D bioprinting modalities have imperatively demonstrated tooth regeneration using extracellular matrix (ECM) derived scaffolds and cytocompatibility microenvironments for tissue regeneration. Athirasala et al. [15] developed a novel bioink, blending printable alginate (3% w/v) hydrogels with fractions of the dentin matrix. They demonstrated odontogenic differentiation of stem cells from the apical papilla encapsulated in bioprinted hydrogels [15]. Although several advances have been made in dental tissue regeneration using various 3D printed scaffolds of different materials like gelatin/alginate hydrogels or 3D bioprinted PCL (poly-epsilon-caprolactone)/hydroxyapatite and incorporating stem cells from varied sources like human dental pulp cells (HDPCs) and apical papilla. Apparently, none of them could result in complete formation of tooth and its associated structures [16,17]. Further developments in technology and the shapes and composition of carriers for these cells make the possibility of creating a viable dental implant a reality in not too distant future.

			Conclusion

			Despite the advances made in dental tissue regeneration employing stem cells from varied sources, tooth regeneration is still a future thing. The chief limiting factor is that majority of the studies were done on small animal models so they cannot be directly translated to humans in the clinics. Nevertheless, it would not be an overstatement to say that stem cell based regenerative procedures are the future of dentistry..
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