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Abstract
BACKGROUND
The proteomic signature or profile best describes the functional component of a cell during its routine metabolic and survival activities. Additional complexity in differentiation and maturation is observed in stem/progenitor cells. The role of functional proteins at the cellular level has long been attributed to anatomical niches, and stem cells do not deflect from this attribution. Human dental stem cells (hDSCs), on the whole, are a combination of mesenchymal and epithelial coordinates observed throughout craniofacial bones to pulp. 

AIM
To specify the proteomic profile and compare each type of hDSC with other mesenchymal stem cells (MSCs) of various niches. Furthermore, we analyzed the characteristics of the microenvironment and preconditioning changes associated with the proteomic profile of hDSCs and their influence on committed lineage differentiation. 

METHODS
Literature searches were performed in PubMed, EMBASE, Scopus, and Web of Science databases, from January 1990 to December 2018. An extra inquiry of the grey literature was completed on Google Scholar, ProQuest, and OpenGrey. Relevant MeSH terms (PubMed) and keywords related to dental stem cells were used independently and in combination. 

RESULTS
The initial search resulted in 134 articles. Of the 134 full-texts assessed, 96 articles were excluded and 38 articles that met the eligibility criteria were reviewed. The overall assessment of hDSCs and other MSCs suggests that differences in the proteomic profile can be due to stem cellular complexity acquired from varied tissue sources during embryonic development. However, our comparison of the proteomic profile suffered inconsistencies due to the heterogeneity of various hDSCs. We believe that the existence of a heterogeneous population of stem cells at a given niche determines the modalities of regeneration or tissue repair. Added prominences to the differences present between various hDSCs have been reasoned out.

CONCLUSION
Systematic review on proteomic studies of various hDSCs are promising as an eye-opener for revisiting the proteomic profile and in-depth analysis to elucidate more refined mechanisms of hDSC functionalities.
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Core Tip: Neural crest-derived dental stem cells (DSCs) are ubiquitously present around the tooth anlage, are spatiotemporally related to each other, and possess the potential for self-renewal and ability to differentiate into different cell types and lineages under suitable microenvironments. Unearthing the spectrum, cascade and arrays of proteins present in these stem cells at different stages of tooth development and all the post-translational modifications of these proteins is possible by proteomics. Here, we present a systematic review on proteomic studies of various DSCs. Emphases on the differences present between various DSCs have been reasoned out.

INTRODUCTION
Human teeth are unique by being composite in nature and are created through the support and equal cooperation of neural crest-determined mesenchymal stem cells (MSCs) and oral ectoderm-derived stem cells during initial development. They are distinct in their composition by the presence of the outer mineralized enamel layer, the hardest structure in the body, closely and intimately apposed with the adjacent mineralized dentin layer, the soft tissue component, the dental pulp and radicular structures that are anchored to the alveolar socket via the periodontium[1,2].
Isolation of pluripotent MSCs from several oral tissues has been successful[3]. Stem cells of dental origin (DSCs) have the attributes of auto-renewal and multilineage differentiation, similar to any other MSCs in the body. Owing to their derivation from the neural crest, they have a different origin from bone-marrow-derived MSCs, which are derived from mesoderm[4]. DSCs have been successfully harvested and found to differentiate into osteoblast-like cells that form bone in vitro. Several studies have revealed the potential of DSCs to form dentin-like tissue. These DSCs were differentiated into several cell types, including neurons, adipocytes, and chondrocytes[5,6].
[bookmark: OLE_LINK296][bookmark: OLE_LINK297]DSCs, owing to many advantages, such as noninvasive cell culturing, high clinical potential and ease in access, remain favorable among all the MSCs studied. The repair and regeneration capabilities of DSCs, similar to those of MSCs from different organs, were observed in several in vitro studies. To date, five different human DSCs have been depicted: Dental pulp stem cells (DPSCs), stem cells from human exfoliated deciduous teeth (SHEDs), periodontal ligament stem cells (PDLSCs), stem cells from apical papilla (APSCs), and dental follicle stem cells (DFSCs). Thus, the heterogeneity of DSCs remains one of the key hindrances to determining ideal ways to approach cell-based tissue design. The advancement of genome-wide research systems empowers the depiction and observation of the gene expression patterns of various cells. Utilizing this information, we can more readily comprehend the components overseeing the presentation of every cell's attributes[7].
Proteomics provides an amazing technique to describe the whole protein profile of stem cell phenotypes with different specializations. This innovation is useful for understanding the components that control their self-restoration, differentiation potential and capacity to recover the unique microenvironments from which they are determined[8].
Different investigations have investigated the protein expression profiles in MSCs derived from DPSCs, PDLSCs, DFSCs and APSCs to generate a database of proteins regularly or differentially expressed among various DSCs[9].
The aim of this systematic review is to quantify the existing literature on proteomic profiling of DSCs.

MATERIALS AND METHODS
Protocol and registration
The international prospective register of systematic reviews (PROSPERO) database was searched for any enrolled protocol on comparative subjects. Similarly, the current systematic review was enrolled as a protocol with PROSPERO (ID: CRD42019120267). The review considered part of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses proclamation.

Eligibility criteria
Inclusion criteria: The PICO framework was used to develop a literature search strategy: (1) P: Population, human DMSCs; (2) I: Intervention, proteomic analysis; (3) C: Comparison, human MSCs such as bone marrow stem cells, adipocyte stem cells, peripheral blood stem cells and comparison of various DSCs with each other; and (4) O: Outcomes, assessing similarities of and differences in proteomic profiles between different human DSCs.

Exclusion criteria: The following exclusion criteria were applied: (1) Studies that did not assess the proteomics of human DSCs; and (2) Case reports, reviews, experimental studies on animals, short communications and personal opinions, letters to the editor, and conference abstracts.
Focused question: Is the comprehensive proteomic analysis of the regulatory network during the differentiation of human DSCs unique compared to the other MSCs of the body?

Search strategy
Definite mechanized literature searches were performed in PubMed, EMBASE, Scopus, and Web of Science from January 1990 to December 2018. An extra inquiry of the grey literature was completed on Google Scholar, ProQuest, and OpenGrey. Reference arrangements of every single included article were physically searched to distinguish any potential applicable articles. End-Note programming (EndNote X7®; Thomson Reuters, Philadelphia, PA, United States) was utilized to organize the references and expel any duplicate articles.
The following MeSH terms (PubMed) and keywords were used independently and in combination: DSCs; dental MSCs; DPSCs; PDLSCs; stem cells of human exfoliated deciduous teeth; dental follicle stem cells; apical papilla stem cells; DSC proliferation; dental mesenchymal stem cell proliferation; proteomic analysis; proteomic profiling; and secretome.

Study determination and information extraction
[bookmark: OLE_LINK1770][bookmark: OLE_LINK1771]The chosen procedure for the investigation was completed in two phases. In the primary stage, the titles and abstracts of every single recognized article were screened by two independent analysts (Hosmani J and Chandramoorthy HC) utilizing an institutionalized guide. This was trailed by recovery of full texts of studies that met the qualification criteria and inspected autonomously by two similar reviewers utilizing an institutionalized and pilot-tried structure. Any contradictions regarding study determination were commonly examined, and an agreement was made before consideration of the investigation. The two reviewers (Hosmani J and Chandramoorthy HC) independently collected the data on study characteristics (author, year of study and country), type of DSCs, study design, and technique used for proteomic analysis.

RESULTS
Search strategy and outcome
The initial search resulted in 134 articles. Out of 134 full-texts assessed, 96 articles were excluded. Thus, 38 articles that met the eligibility criteria were included (Figure 1).

Description of the studies
The articles assessed for this systematic review could be categorized as follows: (1) Proteomic analysis of individual human DSCs (Table 1); (2) Comparative proteomic analysis among various human DSCs (Table 2); (3) Comparative proteomic analysis of human DSCs with other MSCs of the body (Table 3); (4) Proteomic studies on the influence of the microenvironment or preconditioning factors on human DSCs (Table 4). Phenotypic cell surface markers in DSCs (Table 5); and (5) Among the articles reviewed in the present study, 24 studies were carried out on DPSCs, 11 studies on PDLSCs, 7 studies on DFSCs, 5 studies on APSCs and 4 studies on SHEDs either individually or in combination with other DSCs or MSCs.

DISCUSSION
Proteomic studies on DPSCs
A study was carried out by Niehage et al[10] on the cell surface proteomes of human DPSCs derived from a single donor. Proteomic characterization of DPSCs after culture expansion in low (2%) or high (10%) serum-containing media was assessed. A label-free quantitative method to assess cell surface proteomes was utilized and based on a novel mathematical model developed by the authors; in total, 101 CD surface proteins and 268 non-CD cell surface proteins were identified. Variation in the serum conditions (high or low) yielded 14 surface proteins that varied consistently in abundance. Approximately 400 cell surface proteins were identified in the study, which the authors claim as the most comprehensive analysis. Along with novel MSC markers in their previous study, the authors identified new protein markers belonging to the tumor necrosis factor (TNF) receptor superfamily, integrins, and interleukin receptors. CD87, integrin alpha-10, CBPM and SLIK2 were identified as novel markers differentially expressed in cells cultured in BE media[10].
Wei et al[11] studied the differential protein expression pattern secreted by DPSCs during odontoblast-like differentiation. Twenty-three proteins were produced during odontogenic differentiation. Significant reorganization of the cytoskeleton via upregulation of vimentin and cardiac muscle alpha actin was noted. Downregulation of nuclear proteins (hnRNPc) was noted. Annexin VI was increased as DPSCs differentiated into odontoblast-like cells. Downregulation of collagen VI during the mineralization of DPSCs was noted. Coregulation of collagen VI and matrixion-2 peroxiredoxins (Prdx 4) was upregulated, indicating that odontoblast-like differentiation occurs in DPSCs.
A study on the ability of DPSCS from carious teeth to differentiate into neuronal lineages, specifically DAergic-like cells was carried out by Gnanasegaran et al[12]. These authors found that DPSCs from carious teeth displayed decreased neurite formation, reduced functionality and downregulated transcription factor genes when compared to DPSCs derived from non-carious teeth. The authors considered that inflammation could be the primary reason for the impairment of functionality of DPSCs from carious teeth. Proinflammatory mediators such as cytokines, interleukins and TNF-α are amplified in the microenvironment of pulpal tissue.
The oncogenic potential of human DPSCs when exposed to prolonged culture conditions was studied by Wilson et al[13]. These authors assessed the characteristics of DPSCs that were spontaneously immortalized in culture. Anchorage-dependent growth, genomic instability and the ability to differentiate into neurons were assessed, and the authors were successful in differentiating into DPSCs into neurons in culture.
A study conducted by Choi et al[14] (2014) identified bobby sox homolog (BBX) as a new transcriptional regulator for the differentiation of DPSCs into odontoblasts. Microarray and validation by RT-PCR were utilized, which yielded the expression of several transcription factors during odontoblast differentiation of DPSCs. The one factor that stood out was BBX. BBX localization to the nucleus appears to be increased during odontoblastic differentiation of DPSCs. It was noted that the knockdown of BBX suppressed the odontoblast differentiation of DPSCs.
The proteomic profile of DPSCs from SHED was studied by Pivoriuūnas et al[15]. It was found that SHEDs may be closely related, if not identical, to MSC-like cells, as they shared a similar proteomic profile. It was found in the study that SHEDs were pre-committed towards differentiation into osteogenic lineages. The authors failed to induce the in vitro differentiation of SHEDs and clonal cells into in vitro adipogenic differentiation. They found a high level of comparability between proteomic marks of essential SHEDs and clonal cell strains.
Molecular characterization of DPSCs from SHED was compared with PDLSCs by distinguishing the variety of proteins being communicated in these cells. SHEDS were larger size PDLSCs. The mesenchymal properties of both SHEDs and PDLSCs were similar in terms of expression of the triple panel of protein-surface molecules, CD73, CD90 and CD105, and were negative for hematopoietic cell markers. Differentiation into osteo-, adipo-, and chondro-specific lineages was positive in SHEDs and PDLSCs following induction. High-scale proteomic mapping by engaging in nano-liquid chromatography - mass spectrometry (LC-MS)/MS technology led to the identification of 517 proteins in SHED, whereas in PDLSCs, it was 1721. SHED-explicit proteins appear to be embroiled in cell cohesiveness, regulation, motility, migration, and actin cytoskeleton organization. Wound healing assays performed for SHEDs and PDLSCs revealed that the propensity for higher injury recuperating movement was higher in SHEDs. SHEDs had an increased number of proteins that controlled cellular plasticity and adaptations to extrinsic and environmental stimuli[16].
Eleuterio et al[17] conducted a comparative proteome analysis between DPSCs, PDLSCs, and BMSCs from different donors. They found that the proliferation rate and viability of DPSCs compared to those of BMSCs were significant with the MTT assay at passage 2 after 3 d of culture. Even considering the capacity to differentiate into osteogenic tissue, DPSC was better when compared to BMSC. Approximately 2078 ± 357 proteome spots were detected in DPSCs. The level of coordinating between gels of a similar populace was 86 for DPSCs. Putative ATP-dependent CLP protease proteolytic subunit (CLPP), NAD(P)H dehydrogenase quinine 1 (NQ01), succinyl-CoA:3-ketoacid coenzyme A transferase 1 (SCOT 1) and an additional new isoform of tubulin (TBBS) were identified in DPSCs. Compared to that in BMSCs, N(G), N(G)-dimethylarginine dimethylaminohydrolase 1 (DDAH1) and citrate synthase (CISY) in DPSCs were upregulated. The study revealed that stem cells from dental tissue have different lineage potential than do BMSCs.
Patil et al[18] analyzed the morphology, expansion rate, articulation of MSC-explicit markers, and in vitro differentiation capacity into osteoblasts, adipocytes, chondrocytes and useful hepatocyte-like cells of DPSCs and contrasted them with those of DFSCs and APSCs. The protein spot match of DFSCs vs DPSCs was 61.6% ± 30.5%. Changes among the common protein expression levels between DFSCs and DPSCs were 16.8% ± 3.08% upregulating and 3.5% ± 4.03% downregulating. The potency of DPSC stemness was similar to that of DFSCs and APSCs in terms of the expression of the transcription factors Oct-3/4, Nanog and SOX-2 at both the mRNA and protein levels. It was also noted that the chondrogenic differentiation potential was more intense in DPSCs than in APSCs and DFSCs. It was found that DPSCs, along with DFSCs and APSCs, have the potential for hepatogenic differentiation under suitable culture conditions.
Ma et al[19] carried out a study to recognize the differentially communicated proteins among DPSCs and stem cells from profound carious DPSCs (CDPSCs) and investigated the potential molecular markers contributing to the recovery of dental tissues. The morphology determined via light and electron microscopy of DPSCs and CDPSCs was similar and had a spindle-fibroblast-like appearance with long cytoplasmic extensions and filipodia. When researchers analyzed the proliferation rates of DPSCs and CDPSCs at passage 3 after 3, 5, and 7 d, it was found that CDPSCs had a higher proliferative potential. Proteomic analysis at a narrow pH (4-7) revealed 18 protein spots that were differentially expressed in CDPSCs. The proteins were mainly related to cell proliferation, differentiation, cell cytoskeleton, motility, and antioxidative functions. They concluded that these proteins might be responsible for the biological differences between CDPSCs and DPSCs. They likewise discovered that CDPSCs have a more elevated antioxidative properties that protect them from oxidative stress.
The characteristics of DPSCs from natal, SHED and impacted third molars were analyzed by Akpinar et al[20] to determine the level of heterogeneity. Each stem cell line indicated the presence of cells with large, flattened or fibroblast-like shapes, and no noteworthy changes in size and shape were observed. However, evaluation of proliferation rates by measuring cell viability at various time points indicated that natal DPSCs had a higher proliferation rate than SHEDs and DPSCs of impacted third molars. The highest telomerase activity was observed with natal DPSCs. It was noted that the natal DPSC cell proteome was more similar to the SHED proteome than the DPSC proteome. Most of the proteins elucidated have a major role in cellular architecture. A total of 61 proteins were predominantly expressed by all three stem cell types.
Differentially expressed proteins in DPSCs were compared with those in PDLSCs under in vitro osteogenic induction using the iTRAQ proteomic approach and bioinformatic analysis by Wang et al[21]. A common set of over 3000 proteins was detected in DPSCs and PDLSCs. Merely 5% of them were differentially expressed, which reflected the extreme particular differentiation potential and different capacities under the individual microenvironments of these two cells. DPSCs were found to be weaker on osteogenic mineralization compared to PDLSCs. Prostacyclin synthase and arginosuccinate lyase were the two of the most significantly expressed proteins between PDLSCs and DPSCs and are important for many metabolic and biosynthetic processes.
Joo et al[22] carried out a study on the expression levels of cytokines from dental pulp (DPSCs) and developing apical complexes of immature teeth (DACCs). A human cytokine array was utilized to assess and match 174 cytokines in DACC-CM and DPSC-CM. They found that there were 25 strongly expressed cytokines, among which 22 and 3 were strongly expressed in DPSC-CM and DACC-CM, respectively. NT-3 and BMP-4, which are related to odontoblastic differentiation, were significantly expressed at higher levels in DPSC-CM. TGF-β, NT-4 and EGFR were exclusively expressed in DPSC-CM. It was inferred that dental pulp cells express more cytokines specific to mineralization than DACCs.
Wang et al[23] examined the impacts of long-term in vitro development on the fundamental properties and gene expression of SHEDs and DPSCs. It was found that long-term culturing of SHEDs and DPSCs led to morphological alterations with irregular and elongated shapes. SHEDs displayed a fundamentally higher proliferation rate in correlation with DPSCs in vitro at an early passage, yet development energy was altogether diminished at passage 20. Immune phenotyping indicated that SHEDs and DPSCs were able to maintain their specific properties of stemness. The percentage of CD-73-positive DPSCs was lower at passage 20 than that in SHEDs at passage 20. The differentiation propensity of SHEDs and DPSCs was found to be markedly reduced with long-term cultivation, which was confirmed by RT-qPCR analysis. Even the migratory abilities of SHEDs and DPSCs were found to be markedly reduced. The number of apoptotic cells in both DPSCs and SHEDs increased during long-term cultivation. Analysis of the molecular markers of senescence showed that DPSCs expressed a higher predisposition of cell death during long-term cultures. SHEDs and DPSCs may undertake unique pathways during cellular senescence, and p19Ink4a appears to play a significant role in DPSC senescence.
The DPSCs were pitted against BMSCs for their ability to differentiate into osteoblasts and adipocytes by Kumar et al[24] who further reported the contribution of secretome proteins in regulating their differentiation. DPSCs displayed higher osteogenic potential than BMSCs. DPSCs demonstrated a higher accumulation of calcium. Quantitation of oil red O uptake by isopropanol extraction showed significantly higher adipogenic potential of BMSCs compared to DPSCs. Proteome analysis of the secretome showed 7 osteogenic lineage-related proteins compared to 5 proteins in BMSCs. Adipogenic lineage-related proteins in the secretome of BMSCs were 4 and 5 in DPSCs. It was concluded that owing to their ability to increase osteogenic and decrease adipogenic potential of DPSCs, the utility of DPSC secretomes in osteoporosis could be a promising “cell-free” therapeutic modality for the future.

PDLSCs
Xiong et al[25] carried out a study to determine the various proteins associated with cellular functions and properties of PDLSC. PDLSCs had smaller sizes when compared to SHED. A total of 3235 proteins were expressed in PDLSCs, and comparative evaluation revealed 1516 proteins expressed in both PDLSCs and SHEDs, of which 1721 were presented exclusively in PDLSC. The majority of these exclusively identified proteins appeared to be mainly classified in the cellular metabolism network. A total of 545 proteins were found to be involved in the cellular growth and proliferation of 207 proteins strongly involved in DNA replication, recombination and repair. On a whole, PDLSCs revealed a notable mitogenic advantage, as indicated by growth curves and protein molecules identified in the study. The Rho-GDI signaling pathway revealed proteins that were directly involved in the elevated proliferation potency of PDLSC.
Analysis of differentially expressed protein profiles of PDLSCs undergoing mineralization was investigated by Wu et al[26] (2009). Positivity for markers related to bone formation was observed in PDLSCs when cultured in osteogenic media. In total, 29 differentially expressed proteins were identified in PDLSCs during osteogenic differentiation. Proteins involved in cellular functions, such as cytoskeletal-related, nuclear regulation, cell membrane binding, matrix synthesis, metabolic enzymes and signal transduction, were identified. Reorganization of the cytoskeleton during osteoblastic/cementoblastic differentiation of PDLSCs was noted by downregulation of vimentin, caldesmon, tropomyosin and clathrin heavy-chain polypeptide.
Proteomic analysis of PDLSCs was carried out by Reichenberg et al[27]. In this, 117 proteins that corresponded to 74 different gene products were identified. At least 30 spots were identified as proteins associated with the cytoskeleton. The metabolic needs and capabilities of the PDLSCs were demonstrated by the identification of 20 spots as metabolic enzymes. The subcellular localization of proteins was found to be 50.2% in the cytoplasm, 14.9% in the endoplasmic reticulum and 16.3% in mitochondria. Membrane-associated proteins constituted 4%, and cytoplasmic vesicles constituted 1.3%. It was discovered that the primary contrasts among dermal and PDL fibroblasts were in the classification of cytoskeleton-related proteins. It was accepted that this distinction mirrors the broad and exceptional biotopological capacity of PDL in cell- extracellular matrix (ECM) communications, maintaining legitimate collagen homeostasis and cellular reaction to the outer mechanical masticatory loads being applied inside PDL, which requires high articulation of cytoskeleton segments.
A study by Hao et al[28] was carried out to delineate the exact miRNA profile during osteogenic differentiation of PDLSCs. The gene targets of differentially expressed miRNAs were also predicted utilizing bioinformatic tools. The findings of this study indicate that miRNAs play significant roles in the osteogenic differentiation of PDLSCs. Microarray-based analysis was used to investigate osteogenesis-related miRNAs, 116 of which were found to be differentially expressed, and 34 had putative target genes that were intimately associated with osteogenesis. qRT-PCR analysis revealed the upregulation of m-R-654-3p, miR-4288 and miR-34c-5p and downregulation of miR-218-5p, miR-663a and miR-874-3p. The downregulation of miR-218 suggested its suppressive effect on the angiogenesis of PDLSCs. It was also found that the downregulated miR218-5p has three osteogenesis-related targets, RUNX2, COL1A1, and SATB2. The downregulated miRNAs may elicit a negative effect on osteogenic differentiation via direct posttranscriptional inhibition of RUNX2.
Identification of PDLSC-specific biomarkers was performed by Taraslia et al[16] by distinguishing the atlas of proteins being communicated in these cells. It was found that PDLSCs were smaller than SHEDs. PDLSCs were positive for MSC markers and negative for hematopoietic markers. The expression of lineage specific was observed in PDLSCs, and these cells were found to be capable of differentiating into osteo-, adipo- and chondro-specific lineages. In-depth and high-scale proteomic mapping uncovered 1721 proteins solely in PDLSCs and basically grouped in various aspects of cell metabolism and proliferation which clarified the nearness of solid mitochondria contrasted with SHEDs. PDLSC-explicit proteins were additionally bunched in RNA combination and homeostasis. The proteins identified in PDLSC also indicated high proliferative activities of cells.
The PDLSC proteome was compared with those of DPSCs and BMSCs. All of the analyzed stem cells had a similar morphology with a fibroblast-like shape. The expression of stem surface molecules and pluripotency surface markers was positive for all the stem cells analyzed. The proliferation rate was significant in PDLSCs compared to BMSCs. Evaluation of osteogenic differentiation via the expression of osteogenic marker intensity revealed that bone formation was higher in PDLSCs than in BMSCs. Comparative proteome analysis in a broad pH range (3-10) allowed the detection of 2131 ± 290 spots in PDLSCs. The percentage of matching between gels of the same population was approximately 86% for PDLSCs, and the percentage matching between different populations was approximately 80% for DPSCs and PDLSCs, 78% for DPSCs and BMSCs, and 77% for PDLSCs and BMSCs. Four proteins were exclusively expressed in PDLSCs and BMSCs, namely, CLPP, NQ01, SCOT1 and TBBS. DDAH1 and CISY were found to be upregulated in PDLSCs and DPSCs compared to BMSC. Annexin 10 was found to be exclusively present in PDLSCs. COMT was exclusively present in BMSCs and was found to be missing in PDLSCs and DPSCs. In the pH 4-7 range, 1777 ± 152 protein spots were resolved, and in the pH 6-9 range, 1101 ± 108 protein spots for PDLSC were resolved. In this pH range, PDLSC exclusively expressed NECP2, AK1C1 and SEP11[17].
The highly sensitive and easily performed iTRAQ proteome analysis of PDLSCs and DPSCs was completed by Wang et al[21], who also determined the correlation between these two cell types. Regular arrangement of more than 3000 proteins was distinguished in both PDLSCs and DPSCs, and fewer than 5% of them were differentially communicated. It was contemplated that comparative starting points and close limitation lead to solid articulation of such a wide scope of proteomes, and differentially communicated proteins mirrored a definitive particular separation potential and various capacities under one-of-a-kind microenvironments. In the present investigation, PDLSCs had a more grounded mineralization limit than DPSCs, which is a solid marker of osteogenic separation. Prostacyclin synthase and arginosuccinate lyase are two of the largest differentially communicated proteins among PDLSCs and DPSCs. Proteins with collagen, heat shock proteins and S100 families were observed to be downregulated in PDLSCs
Li et al[29] analyzed the immunophenotypic highlights and cell cycle status of two cell lines. The outcome of the study proposed that DFSCs and PDLSCs showed comparative highlights identified with immunophenotype and cell cycle. Molecular differences between DFSCs and PDLSCs were analyzed by iTRAQ. This study provided new insights into the possible mechanism responsible for the different biological features, wherein PDLSCs displayed enhanced actin cytoskeletal dynamics relative to DFSCs, while DFSCs exhibited more robust antioxidant defense ability in comparison with PDLSCs.

Proteomic studies on DFSCs
The proteomic profile of DFSCs before and after osteogenic differentiation and the identification of differentially expressed proteins involved in important cellular processes were studied by Morsczeck et al[30]. The present discoveries include understanding the systems associated with DFSC differentiation. The outcomes provided proof that differentiation influences cell shape and motility and catalysts engaged with the control of oxidative pressure and collagen biosynthesis. Compounds such as superoxide dismutase or glutamine synthetases were most likely associated with the procedure of cell separation. These distinguished proteins are a piece of machinery in charge of the arrangement of membrane-like cell structures containing mineralized clusters. Biological processes associated with osteogenic differentiation of osteoblasts were not recognized in upregulated proteins of DFSCs. The authors believed that modification of the activity of special enzymes, cell motility or ROS may also affect the osteogenic differentiation process of DFSCs.
A comparison of the protein expression profiles of DFSCs with DPSCs and APSCs from a single donor tooth was carried out by Patil et al[18]. With respect to the characterization of DFSCs, the population doubling time was significantly shorter, suggesting a higher proliferative rate when compared to that of DPSCs and APSCs. The DFSCs were found to be proportionally higher in the S phase of the cell cycle compared to APSCs and DPSCs. Approximately 462.6 ± 32.03 well-stained protein spots were detected in DFSCs, which were significantly higher than those of DPSCs and APSCs. The osteogenic differentiation potential of DFSCs and DPSCs was higher than that of APSCs. The adipogenesis potential was found to be higher for DFSCs, which was attributed to the supplementation of IBMX in adipogenic induction medium in this study. It was found that proteins of DFSCs closely resembled proteins secreted by APSCs compared with DPSCs.
An iTRAQ proteomic analysis of immortalized DFSCs was carried out by Dou et al[31]. The iDFSCs did not have fibroblast-like morphology, and the nuclear cytoplasmic ratio was altered. It was noted that iDFSCs had enhanced telomerase activity compared with that of DFSCs. The iDFSC secretome harbored a large number of proteins primarily involved in metabolic, biologic, immunologic and defensive regulation. Among the 2092 detected secretory proteins, only 12.1% were significantly affected by immortalization. Series of bioactive factors, such as different types of collagen, nestin, MMPs, TIMPs, HSPs, PDGF, IGF 1-2, VEGF, and TGF β 1,2, which could be related to ECM remodeling and tissue regeneration and repair, could be identified. Compared with those in DFCs, the level of TGF-β1 was upregulated and the level of IL-6 was downregulated in iDFSCs. The study results revealed that immortalization partly changed the proteomic profile of the DFSC proteome.
The proteome of DFSCs was compared with that of DPSCs by Guo et al[32]. DFSCs were found to be rich in rough endoplasmic reticulum and lysosomes in TEM, but ultrastructural comparison with DPSCs gave a contrasting finding wherein rough endoplasmic reticulum and mitochondria were more abundant. DFSCs showed a higher proliferation rate. A total of 30 spots were identified as being differentially expressed. Among these, 16 proteins were expressed at higher levels in DFSCs. DFSCs were found to be more pluripotent than DPSCs by virtue of having less heterochromatin in the nucleus. The upregulated proteins in DFSCs had a greater capacity to manage bone development and resorption and to advance cell survival in a hypoxic domain.
A similar kind of comparative study on DFSCs and PDLSCs analyzed the biological characteristics and investigated their odontogenic differentiation under the inductive microenvironment of treated dentin matrix. The DFSCs were smaller than PDLSCs. Homogenous electron-dense granules were present in DFSCs but not in PDLSCs. Heterochromatin were observed in DFSCs, but cytoplasmic organelles were abundant in PDLSCs. A total of 35 spots were identified as differentially expressed; among these, 12 proteins were highly expressed in DFSCs. The proteins identified were primarily located in the cytoplasm. DFSCs presented stronger clone-forming abilities compared to PDLSCs. DFSCs were efficient in undergoing differentiation. The study revealed that stemness was higher in DFSCs than in PDLSCs. It was reasoned that DFSCs are derived from tissue at an earlier stage of tooth development and could be of great value in regenerative medicine. Li et al[29] noted in their study that DFSCs exhibited more robust antioxidant defense ability compared to PDLSCs.
In this relative investigation, Tian et al[33] endeavored to reveal insight into the particular organic properties of DFSCs and PDLSCs and to assess their odontogenic differentiation under the equivalent inductive condition of TDM scaffolds. Because of their origin from the developing tissue, DFSCs had a higher proliferative rate and were morphologically smaller and fusiform. DFSCs had less heterochromatin in the nucleus compared to PDLSCs. The organelles present in the DFSCs were all demonstrative of cell homeostasis, such as rebuilding amid general improvement, and assume a basic job in foundational stem cell renewal, multiplication and maturing. DFSCs represented a stronger clone-framing capacity than PDLSCs. This examination found that the dentinogenesis-related qualities communicated distinctively in DFSCs and PDLSCs with or without the microenvironment of TDM.

Proteomic studies on APSCs
The typical features and common and specific cellular proteomic profile of APSCs were compared with those of DPSCs and DFSCs. Evaluation of population doubling time showed that that of APSCs was 39.1 ± 2.7 h. The proportion of cells in the S phase of the cell cycle of APSCs was 21.9% ± 4.1%. The population of APSCs in the G0/G1 phase was 61.8% ± 3.6%. The proportion of APSCs in the G2/M phase was 16.3% ± 3.2%. In APSCs, approximately 3366 ± 10.78 well-stained protein spots were detected. The protein spot matching between DFSCs and APSCs was 69.3% ± 1.52%. Changes among the common protein expression levels between DFSCs and APSCs were 24.6% ± 5.17%. There were 96.7±11.04 specific protein spots of APSCs. In vitro differentiation assays suggested that APSCs are distinct from other DSCs. They were most closely matched to DFSCs[18].
Guo et al[32] explored the differences in the odontogenic differentiation ability of APSCs and DPSCs and compared their proteomes. Ultrastructural analysis demonstrated that there were rough endoplasmic reticula and mitochondria in the cytoplasm of APSCs. In terms of proliferation rate, APSCs had a lower rate compared to DFSCs. A total of 30 spots were identified as being differentially expressed between APSCs and DFSCs. Among these, 14 proteins were expressed at higher levels in APSCs. The pluripotency of APSCs was lower, and even the telomerase activity was lower in APSCs. Vascular differentiation was found to be better in APSCs, suggesting that they are more likely to differentiate in vascular endothelial cells. A stronger osteogenic differentiation potential was observed in DFSCs than in APSCs. The upregulated proteins indicated that bone formation and resorption were better in DFSCs than in APSCs. It was noted that APSCs differentiated into odontoblasts quickly when they came in contact with dentin tissue. The treated dentin matrix was shown to be a better microenvironment for inducing the differentiation of APSCs. Higher expression of DSPP protein was noted in APSCs, suggesting its greater role in dentinogenesis. APSCs were found to be at an earlier stage of neural differentiation compared to DFSCs.
Developing apical complex (DACC) along with dental pulp were checked for the expression levels of cytokines by Joo et al[22] (2018). Proliferation-related and anti-inflammatory cytokines were strongly expressed in DACCs. IFG-1, a cytokine expressed in DACC, was responsible for increased cell proliferation, alkaline phosphatase activity and DNA synthesis. Lipopolysaccharide activity inhibition and osteoprotegerin expression of the apical complex reduce osteoclastic activity, thereby creating a microenvironment that facilitates osteoblastic activity. The anti-inflammatory cytokine IL-10, which is the only cytokine present in DACC, facilitates tissue development and osteogenesis in the apical complex.
The functional role of APSC secretomes, the molecular basis of their actions and comparison with the proteomic profile of BMSCs were investigated by Yu et al[34]. The proliferation of APSCs was enhanced compared to that of BMSCs. A total of 2046 proteins were detected from APSCs. Among these proteins, 25.3% matched the extracellular region, and 9.5% matched the ECM. The ECM proteins discharged by APSCs are associated with cell cohesiveness, multiplication, collagen association and proteases, immune framework, odontogenesis, angiogenesis, neuron advancements, and signaling molecules.

Role of microenvironments and preconditioning factors on the proteomic profile of DSCs
Stem cells more often than not pass through two distinctive natural conditions, from segregation to engraftment. It is unclear how microenvironmental effects on stem cells result in their reactions to bodily insults and how useful stem cells can be cultured in vivo. These questions have contributed to the theory that, given the different tissue-specific stem cell specialties and distinctive microenvironments, initiating a stem cell specialty will result in stem cell self-renewal and controlled differentiation to drive the fast and effective differentiation of other stem cells so they can join the battle[35].
Stem cell microenvironments are becoming progressively acknowledged due to their restorative impacts in controlling stem cell behavior and homeostasis. In their specialty, stem cells are maintained or can experience expansion and differentiation in reaction to injury, disease or maturation to renew misplaced cells or tissues. In diverse situations, stem cells have diverse requirements to work appropriately. In this manner, plastic stem cells and progenitor cells have been examined in an assortment of situations and have been created through physical, chemical, genetic, and pharmacological controls. In reasonable microenvironments, plastic stem cells by and large have progressed cell survival, increased neuronal separation, and enhanced paracrine effects, resulting in expanded trophic support, improved homing to the injury location, and intensive suppression inflammatory factors in immune responses to promote functional recovery. The microenvironment serves to drive the cells into a state of availability in different environments[36].
In the present review, fourteen articles were analyzed for the influence of a niche, a microenvironment or preconditioning factors on the proteomic profile of DSCs.
Dou et al[37] deliberately examined the impact of momentary hypoxia on the gene expression and proteomic profile of human DPSCs under 3D culture conditions. Most of the upregulated proteins engaged in cell processes, angiogenesis, protein binding and transport, direction of reaction to stimuli, metabolic processes, and immune responses. The investigation indicated that hypoxia affected the proteomic profile of DSCs. This present investigation discovered that hypoxia enhanced the expression of several pro-angiogenic genes at the mRNA level. HIF-1É is a key factor regulating angiogenesis actuated by hypoxia. Additionally, expanded TGF-β1 expression was found after low-oxygen incitement. TGF-β1 is considered an indispensable cytokine that directs a broad range of physiological and pathologic processes, including tissue wound healing, inflammation, cell proliferation, differentiation, migration, and ECM synthesis.
Lee et al[38] led an investigation in which they investigated traces of BMP in preameloblast-conditioned medium (PA-CM) influencing hDPSC differentiation. Consequently, they hindered BMP movement in PA-CM with the extracellular BMP antagonist noggin and evaluated DSPP promoter activity. Progressions in DSPP promoter activity after noggin treatment in PA-CM were not noticed, suggesting that PA-CM influences DSPP promoter activity by components that are superfluous to BMP-2. BSP levels were observed to be higher than DSP in the mineralized tissue created in the rhBMP-2-treated group, while mineralized tissue shaped in the PA-CM-treated group showed the opposite trend. Generally, this information proposes that PA-CM promotes the induction of more odontogenic qualities of hDPSCs than rhBMP-2.
Kim et al[39] demonstrated that lysyl oxidase-like 2 (LOXL2) expression is decreased during odontogenic differentiation of DPSCs. Exogenous application of human recombinant LOXL2 protein resulted in a decrease in odontogenic differentiation. The levels of LOXL2 decrease as the cells lose their proliferative capacity and begin differentiation.
Wang et al[21] investigated the differentially communicated proteins in DPSCs and PDLSCs, alongside the underlying mechanism, under in vitro osteogenic induction using an iTRAQ proteomic approach and bioinformatics examination. In vitro osteogenic induction somewhat recreates the microenvironment principal for osteogenesis/odontogenesis of mesenchymal cells. Under such conditions, regardless of the way that DPSCs and PDLSCs can outline osteoid tissue, which is the nature of osteogenesis/odontogenesis, DPSCs differentiate into odontoblast-like cells, while certain PDLSCs differentiate into cementoblast-like cells, adipocytes, and collagen-framing cells. A total of 159 differentially communicated proteins in DPSCs and PDLSCs were recognized. A few individuals from the collagen, heat shock protein and protein S100 families may recognize osteo-induced PDLSCs from DPSCs. Of the enriched terms, 75% belonged to catalytic activity, protein binding and negative regulation of protein metabolic processes, indicating different biosynthetic and regulatory processes of PDLSCs and DPSCs towards differentiation. It was proposed that PDLSCs and DPSCs may experience unmistakable metabolic changes amid the differentiation procedure and that the differentiation enlistment condition could as act as a stress condition. KEGG investigation uncovered a few pathways recognizing osteo-induced PDLSCs from DPSCs.
In a study led by Jung et al[40] a proteomic strategy was utilized to distinguish conceivable changes at the protein level after cyclosporin A (CsA) treatment in human gingival fibroblasts (HGFs). CsA extended the cell appropriateness of HGFs in a proportionate and time-subordinate manner. Seventeen proteins were overexpressed in the CsA-treated HGFs; however, three proteins were observed to be communicated in a manner not matching that in the untreated cells exactly. The recognized proteins were fundamentally related to cell expansion, digestion, and oxidation. The overexpression of peroxiredoxin 1 (Prx 1) confirmed by Western blotting and the diminishing of cytosolic responsive oxygen species (ROS) levels in the CsA-treated HGF indicated that Prx 1 may accept a pressing occupation in the HGF development impelled by CsA. Upregulation of galectin 3 in CsA-treated HGF demonstrated that it is related to CsA-initiated multiplication.
Bakopoulou et al[41] considered three distinct angles characterizing the angiogenic capability of APSCs under different stress conditions related to in vivo conditions in damaged tissues. Specifically, the study demonstrated that the attributes of APSCs under a stressful microenvironment, such as serum, glucose and oxygen deprivation, were increased as much as possible towards endothelial transdifferentiation potential, similar to angiogenic paracrine movement. The authors reported that endothelial transdifferentiation of APSC was associated with noticeable upregulation of Ang-2 and Tie-1 and parallel downregulation of Ang-1 and Tie-2 articulation. An unconventional component in their investigation was that transient presentation (72 h) of APSC to stressful microenvironments was similarly or progressively strong in evoking a proangiogenesis procedure, in contrast to introduction with the angiogenic vehicle for 28 d.
A bioactive compound of Fallopia multiflora, 2,3,5,4’-tetrahydroxystilbene-2-O-β-D-glucoside (THSG), is known for its antioxidative properties and free radical elimination activities, and has been a source of several studies related to reducing the effect of aging, protecting the cardiovascular system and reducing inflammation. It has also been reported that it can induce the proliferation and differentiation of stem cells. Lin et al[42] studied the mechanisms of THSG-enhanced proliferative potentials in hDPSCs. hDPSC proliferation was significantly increased when the concentration of THSG was greater than 0.1 μmol/L, with no cytotoxic effects towards hDPSCs. Higher levels of cell renewal were also noted. Expression of genes such as SIRT1, which is associated with cell proliferation, was noted in hDPSCs after treatment with THSG. THSG significantly induced pluripotent stem cell genes, including NANOG, POU5F1, and SOX2. This meant that THSG might change DPSCs from multipotent stem cells to pluripotent-like stem cells.
Due to its possession of cell proliferation abilities, perivitelline fluid (PVF) of the horseshoe crab embryo has been found to be beneficial in cardiac disorder and cancer therapies. However, its utility in investigating the expression of cell cycle regulatory genes from human DPSCs was never studied, which prompted Rania et al[43] to carry out such research. CDKN2A, PTEN, TP53 and MDM2, the genes with a pivotal role in regulating the cell cycle of DPSCs, were analyzed when DPSCs were exposed to PVF. There was no change in the expression levels of CDKN2A and MDM2 between treated and untreated DPSCs. Enhanced expression of CDKN2A revealed that the presentation to PVF expanded cell expansion and counteracted cell senescence. DPSCs treated with PVF displayed elevated expression of MDM2 at passage 4, drastically depleted expression at passage 5 and slightly increased expression at passage 6. TP53 expression in the DPSC-treated group was higher than that in the untreated group. On the other hand, the expression of PTEN in the DPSC-treated group started to increase from passages 5 to 6. In any case, in general, the PTEN articulation was higher than the untreated gathering in every one of the sections considered. The results demonstrated that PVF could overhaul cell cycle administrative quality articulation in DPSCs, as indicated by the higher verbalization of the impressive number of characteristics considered in this examination at different cell entries in the treated DPSCs being differentiated from the untreated DPSCs.
An examination to assess the impact of the nacreous water-dissolvable framework (WSM) on multiplication and differential protein expression in STRO-1+ human dental pulp cells in vitro was carried out by Laothumthut et al[44]. Nacre, the glossy inward layer of a molluscan shell, is a characteristic material for self-association in biomineralization. Its natural segment has been generally grouped into WSM and water-insoluble network. It was discovered that the STRO-1-positive dental pulp cells refined with DMEM medium enhanced with nacreous WSM demonstrated higher cell suitability than those with DMEM medium. An aggregate of 44 differentially communicated proteins with obvious molecular weight underneath 30 kDa delivered by human pulp cells refined with either DMEM or WSM were distinguished. They were copiously upregulated in cells after introduction to nacreous WSM for approximately 14 d. It was recommended that these proteins function in cell binding, multiplication, metabolism, signal transduction, stress reaction, transcription, translation, and transport and was critical for STRO-1-positive magnetic-isolated human dental pulp cells to react to the outside WSM within 2 wk. The results of the study suggested that WSM seems to be a useful biomaterial in the process of tissue repair after pulp injury.
The impact of human umbilical vein endothelial cells (HUVECs) on osteogenic differentiation of DFSCs in vitro by coculturing DFSCs and HUVECs was studied by Bok et al[45]. Outcomes of the study demonstrated that expanded angiogenic movement in DFSC/HUVEC cocultures may animate osteoblast development of DFSCs. Along these lines, the emission of angiogenic factors from HUVECs may assume a job in the osteogenic separation of DFSCs. Cell viability, in view of metabolic action and DNA content, was most astounding for co-cultures with a DFSC/HUVEC proportion of 50:50 in a 1:1 blend of mesenchymal stem cell development medium and endothelial cell development medium. Osteoblastic and angiogenic phenotypes were upgraded in cocultures with a DFSC/HUVEC proportion of 50:50 compared with DFSC monocultures. Expanded expression of angiogenic phenotypes and vascular endothelial development factor (VEGF) levels were observed after some time in both 50:50 DFSC/HUVEC cocultures and DFSC monocultures during the culture period.
Tsikandelova et al[46] studied the effect of fibroblastic growth factor-8 (FGF-8) on adult heterogeneous DPSCs by assessing their genetic, proteomic, proliferative and mineralization profiles. Enhanced proliferation of DPSCs was noted after short-term exposure to FGF-8. Several proteins implicated in the regulation of cellular proliferation processes, including LMNA, XRCC5 and gelsolin, were noted. 2D and mass spectrometry show that a greater portion of the proteins distinguished through the proteomics approach are intensely ensnared in the control of the actin cytoskeleton and bond elements, which is predictable given that FGF8 has the capacity to advance cell transitory conduct in dental pulp cells. Continuous FGF8 treatment of dental pulp in this study also strongly upregulated genes associated with pulp inflammation, such as leukotriene A4 hydroxylase (LTA4H) and platelet endothelial cell adhesion molecule (PECAM1). In this manner, due to the general requirements for wound recuperation of angiogenesis, improved relocation, a more prominent proliferative limit, endothelial separation and ECM redesigning observed in this study could demonstrate that FGF8 treatment can inspire an angiogenic reaction in a heterogeneous culture of dental pulp.
The effects of metformin on the proliferation and odontoblastic differentiation of dental pulp cells and the role of AMPK signaling in metformin-mediated odontoblastic differentiation were investigated by Qin et al[47]. Metformin is broadly utilized by a large number of diabetic patients as a first-line treatment for type 2 diabetes mellitus. As an insulin-sensitizing drug, it is safe, nontoxic, and overall endured. The impact of metformin on cell multiplication has been accounted for in different types of cells. The study demonstrated that diverse dosages of metformin have no large impact on dental pulp cell expansion. Moreover, metformin was found to not modify the viability of dental pulp cells, suggesting that metformin is safe and nontoxic. Strangely, this investigation demonstrated that the addition of the antiviral agent adenine 9-b-D-arabinofuranoside, a specific AMPK inhibitor, constricted metformin-actuated reactions. These outcomes proposed that metformin actuated the differentiation and mineralization of osteoblast-like cells through the initiation of AMPK signaling. This study showed that metformin can enhance the odontoblastic differentiation of dental pulp cells through activation of the AMPK signaling pathway.
The molecular mechanism underlying the effect of deferoxamine (DFO) on the repair ability of DPSCs was studied by Wang et al[48]. The effect of DFO on autophagy and the role of autophagy in regulating the migration and odontoblast differentiation of DPSCs were elaborated. Enhanced differentiation of DPSCs and mineralization was noted after exposure to DFO. Autophagy in DPSCs was observed after DFO activation. LC3B is a common marker for autophagosome formation, and immunostaining with LC3B was performed in the present study. DFO treatment obviously increased the protein expression of LC3B-II and Beclin 1 and gradually decreased the protein level of p62. To additionally show that the iron chelator (DFO) could prompt autophagy in DPSCs, the autophagic level was identified furthermore of FC (Fe iron). It was shown that DFO could instigate autophagy by sequestering intracellular iron. Strikingly, excess iron could similarly enhanced the outflow of LC3B, showing that autophagy is closely related to iron metabolism.
Li et al[49] investigated the administrative potential outcomes of Schwann cells (SCs) on human dental pulp cells and found that SC-conditioned culture medium (SCmd) limited human dental pulp cells’ expansion and multipotency. These authors further recognized extracellular vesicles (EVs) from SCmd as the essential factors modifying human dental pulp cell differentiation. Finally, the proteomes of EVs and SCs were dissected by mass spectrometry, and 937 ordinary proteins (appeared in the two EVs and SCs) were recognized among EVs and their maternal SCs, similar to 211 specific proteins from EVs and 1371 from SCs. Articulation of the interpretation factor Oct4 was upregulated after treatment of both SC emission and EVs, similar to Sox2 and Nanog. Bounteous enhancement of Oct4 in EVs, which may be responsible for the upregulation of stem cell-related genes in human dental pulp cells, was observed. SC proteome and SC-EV proteome examination indicated that distinctive proteins related to cell survival were perceived. Among the moderately enhanced proteins in SC-EVs, three TGFβ flagging particles (TGFβ1, TGFβ2 and TGFβ3) were exceptionally communicated, supporting our conclusion that TGFβ ligands from EV actuated development-related motioning in human dental pulp cells and balanced cell expansion and differentiation.

CONCLUSION
Findings from our review on the existing literature on proteomic landscaping of DSCs concluded that these cells were unique and different from the other MSCs present in the body. The uniqueness of DSCs could be attributed to their origin and development through the interplay of epithelial-mesenchymal interactions. The presence and localization of the various DSCs (DPSCs, PDLSCs, DFSCs, APSCs and SHEDS) also had an impact on their final differentiation, which was reflected in the proteomic analysis. The microenvironment, niche and preconditioning factors had a substantial impact on the final outcome of the differentiation of DSCs. These factors either enhanced or suppressed the desired final differentiation outcome. Factors such as the source of DSCs (single/multiple donors), the culturing techniques, and the systemic condition of the donor have a bearing on the proteomes. The majority of the proteins secreted by the various DSCs were mainly involved in the regulation of differentiation. The field of proteomics has recently greatly developed, considering the distinguishing proof and quantitation of proteins, even in small samples. Since there is a developing enthusiasm for the remedial impacts of autocrine/paracrine factors from MSCs, future investigations should assess all parts of the secretome and its related extracellular vesicles with regard to DSCs.

ARTICLE HIGHLIGHTS
Research background
Five different types of dental stem cells (DSCs) which localize at specific areas of developing tooth anlage are dental pulp stem cells (DPSCs), stem cells from human exfoliated deciduous teeth (SHEDs), periodontal ligament stem cells (PDLSCs), stem cells from apical papilla (APSCs), and dental follicle stem cells (DFSCs). Each population of these stem cells are unique in their own way and have the ability of self-renewal and multipotency. These stem cells are fundamental tenets of regenerative dentistry and can be source for cell therapies and tooth and periodontium engineering. Mechanics of stemness, regulation of cell renewal, proliferation potential and differentiation to specific cell lineages can be explored by the powerful bioinformatics tool known as proteomics. 

Research motivation
A rapid stride in the field of proteomics provides us with tangible and exponential information for a global understanding of the biological features of stem cells. Critical events in the life cycle of different DSCs like, protein distribution, post-translational modifications, and the protein interactome patterns are deciphered by proteomics and provide the useful links to understand the behavioral pattern of stem cells which can be cloned and replicated in laboratories. 

Research objectives
Several investigations have investigated the protein expression profiles in DPSCs, PDLSCs, DFSCs and APSCs to generate a database of proteins regularly or differentially expressed among various DSCs. The objectives of this systematic review were to quantify the existing literature on proteomic profiling of DSCs and put forth the comparative proteomic profiles of DSCs, they types of methodologies two-dimensional gel electrophoresis, isobaric tags for relative and absolute quantitation (iTRAQ) and stable isotope labelling by amino acids in cell culture (known as SILAC)), influence or microenvironment or preconditioning factors on DSCs and expression of different phenotypic cell surface markers on various DSCs. 

Research methods
The review was accounted for as per the Preferred Reporting Items for Systematic Reviews and Meta-Analyses proclamation. The PICO framework was used to develop literature search strategy. Definite mechanized literature searches were performed in PubMed, EMBASE, Scopus, and Web of Science from January 1990 up to and including December 2018. An extra inquiry of the grey literature was completed on Google Scholar, ProQuest, and OpenGrey. Reference arrangements of every single included article were physically perused to distinguish any potential applicable articles. MeSH terms (PubMed) and keywords were used independently and in combination: DSCs; dental MSCs; dental pulp stem cell; periodontal ligament stem cell; stem cells of human exfoliated deciduous teeth; dental follicle stem cell; apical papilla stem cell; DSCs proliferation; dental mesenchymal stem cell proliferation; proteomic analysis; proteomic profiling; secretome. 

Research results
The initial search resulted in 134 articles. Out of 134 full-texts assessed, 96 articles were excluded. Thus, 38 articles that met the eligibility criteria were included. Among the articles reviewed in the present study, 24 studies were carried out on DPSCs, 11 studies on PDLSCs, 7 studies on DFSCs, 5 studies on APSCs and 4 studies on SHEDs either individually or in combination with other DSCs or MSCs.

Research conclusions
In the field of regenerative medicine, DSCs, because of their multipotency, have been the subject of great interest for several researchers. Proteomic analysis of these unique cells has contributed to the identification of important pathways utilized by the various DSCs to differentiate into distinct tissues as well as important proteins responsible for their special function in vivo and in vitro. However, comparison of proteomic studies in DSCs still suffers from the heterogeneity of various DSCs. In addition, as proteomics technology advances, several studies can be revisited in order to increase the depth of analysis and, thereby, elucidate more refined mechanisms involved in DSCs functionalities.

Research perspectives
Quantification and validation of all the differentially expressed proteins of DSCs can be analyzed by bioinformatics. The various facets of the proteome and its associated entities can be evaluated. Identification of specific cell surface markers of each type of DSC can build new vistas in the field of regenerative dentistry. 
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Figure 1 Flow diagram of literature search and selection criteria.


Table 1 Proteomic analysis of individual human dental stem cells
	Ref.
	Human dental stem cells analyzed
	Method used
	Main findings
	Inference 

	Morsczeck et al[30]
	Dental follicle precursor cells
	[bookmark: OLE_LINK261][bookmark: OLE_LINK262][bookmark: OLE_LINK263]2-DE combined with LC-MS/MS
Bioinformatic analyses
	Differentially regulated proteins: 115 upregulated proteins: Glutamine synthetase, lysosomal proteinase cathepsin B
Proteins, plastin 3 t-isoform, beta-actin, superoxide dismutases, and transgelin Highly downregulated proteins: Cofilin-1, pro-alpha 1 collagen, destrin, prolyl 4-hydrolase and dihydrolipoamide dehydrogenase
Upregulated proteins
Downregulated proteins
	Actin-bundling and defense against
Oxidative cellular stress
Collagen biosynthesis
Catabolism, cell motility and biological quality
Cell cycle progression and protein metabolism

	Pivoriunas et al[15]
	Human dental pulp derived SHEDs
	 2-DE and MALDI-TOF-MS
	The protein spot designs imagined on 2-DE gels were entirely replicable, and roughly 150–300 protein spots were distinguished on each gel 

The cells communicated trademark antigens of MSC-like cells, including CD73, CD90, CD105,  CD146, and did not express hematopoietic markers CD14, CD34, and CD45, as surveyed with FACS examination
	Identification of profoundly communicated proteins in SHEDs uncovered proteomic profiles fundamentally the same as that of MSC-like cells got from different tissues

	Niehage et al[10]
	hPDLSCs
	LC-MS/MS
	400 cell surface proteins were recognized
Prominently, a few proteins affiliated with the tumor necrosis factor receptor super family (CD40, CD120a, CD261, CD262, CD264, and CD266), distinctive integrins (alpha-4, alpha-6, and alpha-10), or interleukin receptors (CD121a, CD130, CD213a1, CD217, and CDw210b) were distinguished
	Huge, changes in the proteomes of DPSCs cultured in either low (BE medium) or high (S medium) serum content milieu

	Xiong et al[25]
	hPDLSCs
	2-DE-MS
	An aggregate of 80 very much settled proteins spots with an atomic weight scope of 10-110 kDa were recognized. 
Following spot extraction and investigation by MS, a sum of 32 protein spots were recognized as membrane related proteins
PDLSC were likewise found to express two novel cell surface proteins, Annexin A2 and sphingosine kinase 1
	These proteomic discoveries give the stage to additionally characterize the cell surface protein articulation profile of PDLSC so as to additionally describe this cell populace and support development of novel isolation and purification strategies

	Wei et al[11]
	hPDLSCs
	2-DE
coupled with MALDI-TOF MS
	23 protein spots identified to the early odontogenic differentiation were distinguished; These proteins included cytoskeleton proteins, nuclear proteins, cell membrane-bound molecules, proteins involved in matrix synthesis, and metabolic enzymes; The expression of four identified proteins, which were heteronuclear ribonuclear proteins C, annexin VI, collagen type VI, and matrilin-2, was confirmed by Western blot and real-time real time polymerase chain reaction
	Articulation changes of the recognized proteins uncover the inclusion of involvement of various regulation mechanisms in odontoblast-like differentiation including cell cycle, protein synthesis and degradation, Ca2+ homeostasis, signal transduction, translation, and cellular energy regulation, which are all fascinating focuses for further examinations

	Wu et al[26]
	Human periodontal ligament cells
	2-DE combined with LC-MS/MS and
peptide mass fingerprinting
	61 proteins in periodontal ligament cells experiencing differentiation appeared no less than a 1.5-crease change in intensity, of which 29 differentially communicated proteins were effectively distinguished by MALDI-TOF MS
The outflows of a portion of the recognized proteins were moreover confirmed stern blotting and reverse transcription–polymerase chain reaction analysis
	These proteins for the most part included cytoskeleton proteins and cytoskeleton-related proteins, nuclear proteins and cell membrane bound particles, and might be related with the remarkable capacity of periodontal ligament cells in keeping up periodontal tissue homeostasis, especially in the midst of the mineralization of periodontal tendon

	Gnanasegaran et al[12]
	DPSCs from carious teeth
	[bookmark: OLE_LINK266][bookmark: OLE_LINK267]PCR
Western blot analysis
Impulse detection via microelectrode array
	The capability of DPSCs-CT to differentiate into DAergic-like cells was not proportionate to that of DPSCs; This was also reflected in both gene and protein generation whereby key neuronal markers, for example, nestin, NURR1 and beta-III-tubulin were expressed essentially lower when contrasted with separated DPSCs; Also, articulations of transcriptomes identified with neurogenesis uncovered down control of over half of the qualities when contrasted with separated DPSC
	DPSCs-CT were able to differentiate into DAergic-like cells but not as efficiently as DPSCs

	Dou et al[31]
	DFCs
	iTRAQ labeling combined with MS
	A total of 2092 transmitted proteins were distinguished in adjusted media of iDFCs. Diverged from primary DFCs, 253 unmistakably conveyed proteins were found in iDFCs secretome (142 up-managed and 111 down-controlled); Bioinformatic examination revealed that the vast majority of emitted proteins were locked in with cell process, metabolic procedure, biologic control, cell part association or biogenesis, immune framework process, formative procedure, reaction to upgrade and flagging
	Proteomic profile of cell secretome wasn’t largely affected after immortalization converted by this piggyback immortalization system; The secretome of iDFCs may be a good candidate of primary DFCs for regenerative medicine

	Reichenberg et al[27] 
	Periodontal ligament fibroblast
	2-DE MALDI-TOF
	900 spots were distinguished and recognized 117 protein spots originating in 74 different genes; In addition to scaffold cytoskeletal proteins, proteins implicated with cellular motility and membrane trafficking, chaperone, stress and folding proteins, metabolic enzymes, proteins associated with detoxification and membrane activity, biodegradative metabolism, translation and transduction, extracellular proteins, and cell cycle regulation proteins were recognized
	[bookmark: OLE_LINK275][bookmark: OLE_LINK276]Most of these identified proteins are closely related to the extensive PDL fibroblasts’ functions and homeostasis

	Hao et al[28]
	Periodontal ligament stem cells
	Microarray
	Expression of 116 miRNAs was found to be altered after osteo-induction, with 30 upregulated and 86 downregulated; Thirty-one of these miRNAs (26.7%) had osteogenesis-related target genes
	Noteworthy modifications in miRNA articulation 
[bookmark: OLE_LINK279][bookmark: OLE_LINK280]profiles were seen amid osteogenic separation of hPDLSCs; These outcomes infer that miRNAs may effectively affect this procedure by focusing on osteogenesis-related genes

	Wilson et al[13]
	DPSCs
	High-resolution array
comparative genomic hybridization

	[bookmark: OLE_LINK281][bookmark: OLE_LINK282]Spontaneously immortalized and hTERT immortalized DPSCs do not demonstrate tumorgenic potential

	Cultured DPSC lines that can be differentiated into neurons may be safe for future in vivo therapy for neurobiological diseases


	Choi et al[14]
	DPSCs
	Microarray
	Strong expression of BBX during the odontoblast differentiation of DPSCs; The overexpression of BBX cDNA in DPSCs/progenitors induced substantial mineralization and expression of the odontoblast marker genes, such as ALP, OPN, BSP, DMP1, and DSPP
	The results show that BBX plays a key role in the regulation of odontoblast differentiation of hPDLSCs/progenitors.


[bookmark: OLE_LINK272][bookmark: OLE_LINK273][bookmark: OLE_LINK274]2-DE: Two-dimensional gel electrophoresis; SHEDs: Stem cells from human exfoliated deciduous teeth; LC: Liquid chromatography; MS: Mass spectrometry; MALDI-TOF: Matrix assisted laser desorption/ionization time-of-flight; MSC: Mesenchymal stem cells; FACS: Fluorescent-activated cell sorting; DPSCs: Dental pulp stem cells; PDLSCs: Periodontal ligament stem cells; hPDLSCs: Human PDLSCs; PCR: Polymerase chain reaction; CT: Computed tomography; iTRAQ: Isobaric tag for relative and absolute quantitation; DFCs: Dental follicle cells; iDFCs: Immortalized DFCs; PDL: Periodontal ligament; hTERT: Human telomerase reverse transcriptase.

Table 2 Comparative proteomic analysis amongst various human dental stem cells
	Ref.
	Human dental stem cells compared
	Method used
	Main findings

	Taraslia et al[16]
	SHEDs and PDLSCs
	Nano-LC
tandem-MS
	SHEDs prevalently communicated atoms that are engaged with sorting out the cytoskeletal network, cell migration and adhesion, while PDLSCs are profoundly energy delivering cells, endlessly communicating proteins that are involved in different parts of cell metabolism and multiplication

	Eleuterio et al[17]
	Periodontal ligament and dental pulp
	2-DE MALDI-TOF/TOF
	DPSCs vs PDLSCs express differentially regulated proteins that are potentially related to growth, regulation and genesis of neuronal cells, suggesting that SCs derived from oral tissue source populations may possess the potential ability of neuronal differentiation which is very consistent with their neural crest origin

	Patil et al[18]
	Dental follicle, dental pulp and dental papilla
	2DE coupled with MALDI-TOF MS
	19 proteins either found commonly or differentially expressed among the three types of dental MSCs which were largely similar cellular properties and multilineage potential

	Ma et al[19]
	DPSCs and CDPSCs
	2DE electrophoresis (2-D DIGE) in combination with (MALDI-TOF MS)
	18 protein spots differentially expressed between DPSCs and CDPSCs; These differently expressed proteins are mostly involved in the regulation of cell proliferation, differentiation, cell cytoskeleton and motility. CDPSCs had a higher expression of antioxidative proteins that might protect CDPSCs from oxidative stress

	Akpinar et al[20]
	DPSCs from natal, exfoliated deciduous, and an impacted third molar tooth
	2DE approach coupled with MALDI-TOF/TOF
	61 proteins were predominantly expressed by all three stem cell types. Classification of the identified proteins based on biological function revealed that structurally important proteins and proteins that are involved in protein folding machinery are predominantly expressed by all three stem cell lines

	Wang et al[21]
	DPSCs and periodontal ligament stem cells
	iTRAQ technique
	A total of 159 differentially expressed proteins in PDLSCs and DPSCs. GO classification terms that distinguish osteo-induced PDLSCs from DPSCs were identified. two thirds of
the enriched GO terms belonged to metabolic processes and response to
stimulus, suggesting that PDLSCs and DPSCs may undergo distinct metabolic changes during the differentiation process and that the differentiation induction environment could act as a stress condition.
Mineralization and migration capacities of PDLSCs were greater than those of DPSCs

	Guo et al[32]
	Dental follicle and dental papilla cells
	2DE approach coupled with MALDI-TOF/TOF
	12 proteins were significantly differential, and phosphoserine aminotransferase 1, isoform 2 of hypoxia-inducible factor 1-alpha and Isoform 1 of annexin A2, were the most significantly differential proteins. These proteins are related to regulation of bone balance, angiogenesis and cell survival in an anoxic environment. Both DFCs and DPCs express odontogenic, neurogenic and peridontogenic markers

	Tian et al[33]
	[bookmark: OLE_LINK285][bookmark: OLE_LINK286]DFCs and periodontal ligament cells
	2DE approach coupled with MALDI-TOF/TOF
	32 differentially expressed proteins in DFCs and PDLCs. PDLCs could contribute to regenerate dentin-like tissues in the inductive microenvironment of treated dentin matrix. DFCs presented more remarkable dentinogenic capability than PDLCs

	Joo et al[22]
	Apical papilla and dental pulp
	A cytokine membrane array and enzyme-linked immunosorbent
assay 
	[bookmark: OLE_LINK290][bookmark: OLE_LINK291]Odontoblast differentiation-related cytokines were more strongly expressed in DPSCs-CM, while cell-proliferation–related cytokines were more strongly expressed in DACCs-CM; DPSCs may exert a stronger paracrine effect than DACCs on regeneration of the dentin–pulp complex, in terms of odontoblast differentiation

	Wang et al[23]
	[bookmark: OLE_LINK294][bookmark: OLE_LINK295]DPSCs and SHED
	Flow cytometry analysis of cell surface antigens
[bookmark: OLE_LINK298][bookmark: OLE_LINK299]RT-qPCR
Western blot analysis
	Notable alterations were exhibited in SHED and DPSCs during the process of extensive expansion in vitro and the results may provide guidance for the selection of safe and effective expanded SHED and DPSCs for regenerative medicine and therapy

	Li et al[29]
	DFCs and periodontal ligament cells
	iTRAQ
	 A total of 2138 proteins were identified and 39 of these proteins were consistently differentially expressed between DFCs and PDLCs. Gene ontology analyses revealed that the protein subsets expressed higher in PDLCs were related to actin binding, cytoskeletal protein binding, and structural constituent of muscle. PDLCs display enhanced actin cytoskeletal dynamics relative to DFCs while DFCs may exhibit a more robust antioxidant defense ability relative to PDLCs


[bookmark: OLE_LINK300][bookmark: OLE_LINK301]SHEDs: Stem cells from human exfoliated deciduous teeth; PDLSCs: Periodontal ligament stem cells; LC: Liquid chromatography; MS: Mass spectrometry; 2-DE: Two-dimensional gel electrophoresis; MALDI-TOF: Matrix assisted laser desorption/ionization time-of-flight; SCs: Schwann cells; MSCs: Mesenchymal stem cells; DPSCs: Dental pulp stem cells; CDPSCs: Carious DPSCs; iTRAQ: Isobaric tag for relative and absolute quantitation; DFCs: Dental follicle cells; DPCs: Dental pulp cells; CM: Conditioned medium; SHEDs: Human exfoliated deciduous teeth; RT-qPCR: Real time quantitative polymerase chain reaction; iTRAQ: Isobaric tag for relative and absolute quantitation. 

Table 3 Comparative proteomic analysis of human dental stem cells with other mesenchymal stem cells of the body 
	Ref.
	Comparison
	Main findings

	
	Dental stem cells
	Mesenchymal stem cells
	

	Kumar et al[24]
	DPSCs
	BMSCs
	DPSCs and its secretome show an inherent tendency for higher osteogenic differentiation and lower adipogenic differentiation, these may be potential candidates for effective future therapy in osteoporosis where disturbance of osteocyte/adipocyte homeostasis is reported

	Eleuterio et al[17]
	DPSCs and periodontal ligament stem cells
	BMSCs
	Stem cells from oral tissue represent an easily accessible and autologous niche of stem cells that could give a worthwhile source to regenerative medication including many tissue frameworks and nerve repair

	Yu et al[34]
	Dental apical papilla
	BMSCs
	[bookmark: OLE_LINK308][bookmark: OLE_LINK309]As for BMSCs, SCAPs indicated extended outflow of proteins that are locked in with metabolic methods and translation and lower measurements of those related with normal bond, developmental strategies, and safe limit; Similarly, SCAPs released on a very basic level greater proportions of chemokines and neurotrophins than BMSCs, however BMSCs discharged more ECM proteins and proangiogenic factors


[bookmark: OLE_LINK302][bookmark: OLE_LINK303][bookmark: OLE_LINK1776][bookmark: OLE_LINK1777][bookmark: OLE_LINK304][bookmark: OLE_LINK305]DPSCs: Dental pulp stem cells; BMSCs: Bone marrow mesenchymal stem cells; SCAPs: Mesenchymal stem cells from dental apical papilla; ECM: Extracellular matrix.

Table 4 Proteomic studies on influence or microenvironment or preconditioning factors on human dental stem cells
	Ref. 
	Dental stem cells
	Influence of niche or microenvironment or preconditioning factors
	Main findings

	Dou et al[37]
	DPSCs
	Hypoxia
	Hypoxic culture of DPSCs under 3D framework incompletely influences the proteome profile of cells. Albeit present moment hypoxic culture (1% O2 for 24 h) changed articulation of a few proteins, the in an unexpected way communicated protein represent 2.7% (57 of 2115); By and large the impact of hypoxia on protein articulation in DPSCs was not substantial

	Lee et al38]
	DPSCs
	Preameloblasts conditioned medium
	Preameloblasts molded medium initiates the odontogenic differentiation of DPSCs and advances dentin development in vivo and in vitro
Of the distinguished proteins, Cpne7 is another applicant that is engaged with odontoblast differentiation

	Kim et al[39]
	DPSCs
	Human LOXL2
	LOXL2 negatively affects the differentiation of hDPSCs and blocking LOXL2 can elevate the hDPSC differentiation to odontoblasts

	Wang et al[21]
	DPSCs 
Periodontal ligament stem cells
	Osteogenic induction medium
	Fewer than 5% of the differentially imparted proteins make up the close proteomic profile between osteo-induced PDLSCs and DPSCs This examination portrays the differences between osteo-induced PDLSCs and DPSCs in vitro
The mineralization and migration cutoff points of PDLSCs were more noticeable than those of DPSCs, in which heat shock protein beta-1, Protein S100-A10 and S100-A11 may have an impact

	Jung et al[40]
	Gingival fibroblasts
	Cyclosporin-A
	Prx 1 may play a relevant role in CsA-induced proliferation of gingival fibroblasts

	Bakopoulou et al[41]
	Apical papilla mesenchymal stem cells
	Stress microenvironments: Serum deprivation, glucose deprivation, and oxygen deprivation/hypoxia conditions, individually or in combination
	Endothelial transdifferentiation potential as well as angiogenic paracrine activity of apical papilla mesenchymal stem cells was significantly upgraded when uncovered for a brief timeframe to combined stress microenvironments

	Lin et al[42]
	hPDLSCs
	2,3,5,4’-tetrahydroxystilbene-2-O-β-D-glucosid
	[bookmark: OLE_LINK312][bookmark: OLE_LINK313]2,3,5,4’-tetrahydroxystilbene-2-O-β-D-glucosid enhanced the renewal ability and proliferative potential of hDPSCs via the AMPK/ERK/SIRT1 axis

	Rani et al43]
	hPDLSCs
	PVF of the horseshoe crab embryo
	PVF could improve cell cycle regulatory gene expression in DPSCs as shown by the higher articulation of the considerable number of qualities considered in this investigation at various cell passages in the treated gathering contrasted with the untreated group

	Laothumthut et al[44]
	hPDLSCs
	WSM extracted from the nacreous layer of the bivalve pinctada maxima
	The human dental pulp cells cultured in nacreous WSM showed higher relative cell suitability than those in DMEM with comparative morphological appearance; Huge changes were found in the overall plenitude of 44 proteins in cells after introduction to WSM for about 14 d; They assume a job in cell adhesion, cell proliferation, metabolic process, signal transduction, stress reaction, transcription, translation, and transport

	Bok et al[45]
	Dental follicle derived stem cells
	HUVECs

	Expanded angiogenic movement in DFSC/HUVEC co-cultures may invigorate osteoblast development of DFSCs. Along these lines, the emission of angiogenic factors from HUVECs may assume a job in the osteogenic differentiation of DFSCs

	Tsikandelova et al[46]
	Human dental pulpal cells
	FGF 8 protein
	FGF8 treatment could advance endogenous recuperating of the dental mash by means of enlistment of dental pulp progenitors just as by advancing their angiogenic and odontogenic differentiation

	Qin et al[47]
	Human dental pulpal cells
	Metformin
	Metformin can incite DPC differentiation and mineralization in an AMPK-subordinate way and that this all around endured antidiabetic drug has potential in regenerative endodontics just as in other regenerative applications

	Wang et al[48]
	hPDLSCs
	DFO
	Early introduction to DFO advanced the mineralization of DPSCs and expanded autophagic action
Autophagy restraint stifled DFO-prompted DPSC movement and odontoblast differentiation

	Li et al[49]
	hPDLSCs
	SCs and its secreted vesicles
	SC emission demonstrated an overwhelmingly regulatory on the development of hDPCs


DPSCs: Dental pulp stem cells; LOXL2: Lysyl oxidase like 2; hDPSC: Human dental pulp stem cells; PDLSCs: Periodontal ligament stem cells; hPDLSCs: Human PDLSCs; PVF: Perivitelline fluid; WSM: Water-soluble matrix; HUVECs: Human umbilical vein endothelial cells; DFSC: Dental follicle stem cells; DPCs: Dental pulp cells; DFO: Deferoxamine; SC: Schwann cell; hDPCs: Human dental pulp cells. 

Table 5 Phenotypic cell surface markers in dental stem cells
	Ref.
	Dental stem cells
	Mesenchymal stromal cell markers
	Hematopoietic (stem) cell markers

	
	
	Positive 
	Negative
	Positive 
	Negative

	Niehage et al[10]
	
	CD29, CD44, CD73, CD90, CD105, CD146, CD166 
	CD271
	CD 34, CD 45, CD133,CD117
	

	Choi et al[14]
	DPSCs
	CD29,CD44, CD105 and CD90
	
	

	Pivoriuunas et al[15]
	SHEDs
	CD73,CD90, CD105, CD146
	
	
	CD14, CD34, and CD45

	Taraslia et al[16]
	SHEDs and PDLSCs
	CD73,CD90& CD105
	
	
	CD45, CD34 and CD31

	Eleuterio et al[17]
	PDLSCs and DPSCs
	CD13+,CD29+, CD44+,CD105+, CD73+,CD90+, CD146+, CD166+
	
	
	CD117, CD133, CD144, CD271, CD14, CD34, CD45

	Patil et al[18]
	DPSCs, APSCs and DFSCs
	CD44,CD73, CD90 & vimentin markers specifically associated with MSCs.
	
	A few cells expressed CD34 and CD45 markers associated with hematopoietic cells
	

	Akpinar et al[20]
	DPSCs of SHED, Natal teeth and impacted third molar
	CD3, CD4, CD13, CD14, CD29, CD34, CD44, CD45, CD73, CD90, CD106, CD117, CD146, CD166, HLA-DR, and HLA-ABC
	
	
	

	Wang et al[21]
	SHEDs and DPSCs
	CD73, CD90 and CD105
	
	Low expression of CD34, CD11b, CD19, CD45 and HLA-DR
	

	Kumar et al[24]
	DPSCs
	CD73, CD90 and CD105
	
	
	CD34 and 
CD45

	Xiong et al[25]
	PDLSCs
	CD 73 and CD 90
	
	

	Wu et al[26]
	PDLSCs
	STRO-1, CD146, CD29, CD44 and CD106
	
	
	CD34

	Hao et al[28]
	PDLSCs
	STRO-1, CD146, CD29 and CD90
	
	
	CD31, CD34, CD45 and CD106

	Li et al[29]
	DFSCs and PDLSCs
	CD73 and CD 90
	
	
	CD31, CD34 and CD45
HLA-DR

	Dou et al[31]
	
	CD73, CD90, and CD146
	
	
	CD34, CD45

	Guo et al[32]
	DPSCs and DFSCs
	STRO-1, CD29, CD44, CD90 and CD146
	
	DPSCs: CD146 and CD106
	CD31

	Tian et al[33]
	DFSCs and PDLSCs
	CD146 and STRO-1: Higher in DFSCs, CD105, CD90, CD44 and CD29
	
	
	CD 31, CD34 and CD45

	Yu et al[34]
	APSCs 
	CD73, CD90, CD105 and CD146
	
	
	CD34

	Dou et al[37]
	DPSCs
	CD73, CD90, and CD146
	
	
	CD34 and CD45

	Lee et al[38]
	DPSCs
	STRO-1 and CD44
	
	

	Kim et al[39]
	DPSCs
	CD44, CD73, and CD105
	
	
	CD34

	Bakopoulou et al[41]
	
	CD90/Thy-1, CD73, CD146/MUC18, CD81/TAPA and the cell adhesion molecules CD49f/a6-integrin, CD29/b1-integrin, CD51/av-integrin, and CD166/ALCAM.
Lower expression: STRO-1 (22.6%–2.2%), CD24 (25.8%–1.9%), and CD34 (3.2%–0.5%)
	
	CD105 and CD106
	CD45

	Bok et al[45]
	DFSCs
	CD44, CD73, CD90 and CD105
	
	
	CD34 and CD45

	Tsikandelova et al[46]
	DPSCs
	CD49f, CD117, CD146, CD271, CD105 and Stro-1
	
	
	

	Qin et al[47]
	
	CD73, CD90 and CD105
	
	
	CD34 and CD45


DPSCs: Dental pulp stem cells; SHEDs: Stem cells from human exfoliated deciduous teeth; PDLSCs: Periodontal ligament stem cells; APSCs: Stem cells from apical papilla; DFSCs: Dental follicle stem cells; MSCs: Mesenchymal stem cells. 
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