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5-Aza Exposure Improves Reprogramming Process Through Embryoid Body Formation in Human Gingival Stem Cells
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Embryoid bodies (EBs) are three-dimensional aggregates formed by pluripotent stem cells, including embryonic stem cells and induced pluripotent stem cells. They are used as an in vitro model to evaluate early extraembryonic tissue formation and differentiation process. In the adult organisms, cell differentiation is controlled and realized through the epigenetic regulation of gene expression, which consists of various mechanisms including DNA methylation. One demethylating agent is represented by 5-Azacytidine (5-Aza), considered able to induce epigenetic changes through gene derepression. Human gingival mesenchymal stem cells (hGMSCs), an easily accessible stem cells population, migrated from neural crest. They are particularly apt as an in vitro study model in regenerative medicine and in systemic diseases. The ability of 5-Aza treatment to induce hGMSCs toward a dedifferentiation stage and in particular versus EBs formation was investigated. For this purpose hGMSCs were treated for 48 h with 5-Aza (5 μM). After treatment, hGMSCs are organized as round 3D structures (EBs-hGMSCs). At light and transmission electron microscopy, the cells at the periphery of EBs-hGMSCs appear elongated, while ribbon-shaped cells and smaller cells with irregular shape surrounded by extracellular matrix were present in the center. By RT-PCR, EBs-hGMSCs expressed specific transcription markers related to the three germ layers as MAP-2, PAX-6 (ectoderm), MSX-1, Flk-1 (mesoderm), GATA-4, and GATA-6 (endoderm). Moreover, in EB-hGMSCs the overexpression of DNMT1 and ACH3 other than the down regulation of p21 was detectable. Immunofluorescence staining also showed a positivity for specific etodermal and mesodermal markers. In conclusion, 5-Aza was able to induce the direct conversion of adult hGMSCs into cells of three embryonic lineages: endoderm, ectoderm, and mesoderm, suggesting their possible application in autologous cell therapy for clinical organ repair.
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INTRODUCTION

Mesenchymal stem cells (MSCs) are adult and multipotent stem cells described by Friedenstein et al. (1970) as plastic-adherent cells with fibroblast-like morphology, possessing self-renewal and tissue regeneration abilities (Huang et al., 2009). Human MSCs are isolated from the bone marrow and defined as a not hematopoietic stem cell population (Chen et al., 2017).

Actually, to understand the molecular and cellular signals, that occur during the gastrulation and then in the development of the three embryonic germ layers (endoderm, mesoderm, and ectoderm), many researchers are interested in the evolving of new in vitro techniques simulating the in vivo development. In particular, the formation of embryoid bodies (EBs) in vitro represents a way to test the pluripotency of human stem cells and their differentiation process modulation (Papapetrou et al., 2009). EB is a spherical structure, which in itself contains cell aggregates promoting multicellular interactions, which consist of ectodermal, mesodermal, and endodermal tissues leading to cell differentiation during embryogenesis (Taru Sharma et al., 2012).

Pluripotency, self-renewal and aging are stem cell features that can be affected by epigenetic modifications. One of the most important mechanisms that regulates epigenetic modification of the genome is DNA methylation (Selvaraj et al., 2010). 5-Azacytidine (5-Aza) is a DNA demethylating agent, in particular, it plays a role as the inhibitor of DNA methyltransferase (DNMT) and it is involved in cell growth and differentiation (Abbey and Seshagiri, 2013). DNA methylation is an important mechanism involved in maintaining pluripotency and self-renewal of stem cells. 5-Aza can be used to induce stem cell differentiation in MSCs from bone marrow and adipose tissue but its role on stem cells remains contradictory (Rangappa et al., 2004; Xu et al., 2004). In the last years, various human stem cells have been described from oral cavity tissues. Oral stem cells have been isolated and characterized from exfoliated deciduous teeth (SHEDs) (Miura et al., 2003), periodontal ligament (PDLSCs) (Trubiani et al., 2016), dental follicle progenitor cells (DFPCs) (Morsczeck et al., 2005), apical papilla (SCAPs) (Sonoyama et al., 2008), dental pulp (DPSCs) (Ashri et al., 2015), and gingival tissue [Human gingival mesenchymal stem cells (hGMSCs)] (Diomede et al., 2018).

Stem cells derived from human gingiva have been previously characterized as a subpopulation of MSCs migrated from neural crest cells during tooth development with spindle-shaped appearance and rapid expansion (Rajan et al., 2016a). Moreover, the high proliferation rate, the expression of specific markers of pluripotency, the ability to differentiate into cells of all the three embryonic germ layers (Ballerini et al., 2017; Diomede et al., 2017b) as well as the ability to undergo toward neuronal differentiation make these cells apt for biological studies (Giacoppo et al., 2017).

The aim of this study was to investigate whether it was possible to achieve the direct conversion of oral adult stem cells into cells of three embryonic lineages by exposing them to a demethylating agent immediately followed by standard culture conditions.

MATERIALS AND METHODS

Establishment and Expansion of hGMSCs

This study was approved by the d’Annunzio University Human Research Ethics Committee (No. 1711/13). All patients have been signed the informed consent as requested by rules of the Department of Medical, Oral and Biotechnological Sciences (ISO 9001:2008, RINA certified 32031/15/S). hGMSCs were isolated as previously described by Diomede et al. (2014). Gingival connective tissues were obtained during surgical treatment. Samples were washed several times, cut into small pieces, and placed at 37°C to obtain adherent hGMSCs culture. Primary hGMSCs cultures were established and maintained in MSCs growth medium chemically defined (MSCGM-CD, Lonza, Basel, Switzerland) without animal sera addiction. Cells were maintained in a humidified atmosphere 5% CO2 at 37°C up to 80% of confluence and detached using Trypsin/EDTA solution (TripleSelect, Life Tech, Milan, Italy). Cells at second passage were used for experiments.

Flow Cytometric Analysis

Flow cytometric analysis was used to evaluate the immunophenotype of hGMSCs as previously reported (Rajan et al., 2016b). Cells at second passage were incubated with primary monoclonal antibodies Oct 3/4, Sox-2, SSEA-4 (Becton Dickinson, BD, San Jose, CA, United States), CD 29, CD 44, CD 73, CD 90, CD 105 (Ancell, MN, United States), CD 14, CD 34, and CD 45 (Beckman Coulter, Fullerton, CA, United States) and isotype-matched controls. Cell suspensions were then incubated with a secondary detection reagent, goat anti-mouse immunoglobulin G-phycoerythrin. Cells were acquired with a flow cytometer (FACS Calibur; BD) (Cianci et al., 2016). Data were analyzed by the FlowJo software v8.8.6 (TreeStar, Ashland, OR, United States).

hGMSCs Differentiation

Human gingival mesenchymal stem cells at second passage were induced to osteogenic, adipogenic, and chondrogenic differentiation as previously reported by Rajan et al. (2017a). Alizarin red S staining was assessed to evaluate osteogenic differentiation, while to highlight adipogenic commitment the cells were stained with Adipo Oil Red solution. Chondrogenic differentiation was evidenced by means of Alcian blue staining. The images were captured using inverted light microscopy, Leica DMIL (Leica Microsystem, Milan, Italy) (Manescu et al., 2016).

For neurogenic differentiation hGMSCs were plated in 24-well plates and were induced for 10 days by Neurobasal-A Medium (Gibco®) containing B27 (2%), L-glutamine (2 mM), penicillin (100 U/ml), streptomycin (100 mg/ml), amphotericin B (5 mg/ml) (neuroinductive medium), and supplemented with basic Fibroblast Growth Factor (bFGF, 20 ng/ml) (TemaRicerca, Milan, Italy) as previously reported (Trubiani et al., 2016). To evaluate the differentiation, cells were processed for βIII-tubulin immunostaining detection and were observed under confocal laser scanning microscope, LSM510META (Zeiss, Jena, Germany).

Treatment With 5-Azacytidine (5-Aza)

Human gingival mesenchymal stem cells were treated with 5-Aza (5 μm) for 48 h in a humidified atmosphere 5% CO2 at 37°C. Subsequently, 5-Aza treatment was removed and then cells were cultured in MSCGM-CD (Lonza) for 10 days. Untreated cells were used as control.

Morphological Evaluation of EBs-hGMSCs

Inverted Light Microscopy

After 48 h of 5-Aza treatment, the morphology of the EBs-hGMSCs were observed under the inverted light microscope (Leica DMIL, Leica Microsystem) at 0, 5, 10, and 48 h.

Light and Transmission Electron Microscopy

Embryoid bodies-hGMSCs were fixed with 2.5% glutaraldehyde in 0.1 M cacodylate buffer pH 7.4 for 1 h at room temperature (RT). After fixation, the samples were post-fixed with 1% osmium tetroxide, dehydrated in a graded series of ethanol, and embedded in Epon. Semithin sections were stained with toluidine blue and used for light microscopy analysis. The sections were observed with a Zeiss Axiophot apparatus, and images were captured using a Nikon digital camera Digital Sight (Diomede et al., 2016b). Thin sections were stained with uranyl acetate and lead citrate; some sections were also stained with tannic acid, and finally observed with a Zeiss EM 109 transmission electron microscope. Images were captured using a Nikon digital camera Dmx 1200F and ACT-1 software.

RT-PCR Assay

Total RNA was extracted from EBs-hGMSCs and hGMSCs using the RNeasy Mini Kit (Quiagen, Hilden, Germany). 2 μg of RNA from each sample was reverse transcribed using the High Capacity RNA-tocDNA Kit (Applied Biosystems, Foster, United Kingdom). To analyze osteogenic, adipogenic, chondrogenic, and neurogenic differentiation, appropriate mRNA transcripts were evaluated. In particular, RUNX-2 and ALP for osteogenesis (Diomede et al., 2016a), PPARγ and FABP4 for adipogenesis (Rajan et al., 2017a), ACAN and COL2A1 for chondrogenesis (Rajan et al., 2017a), and Nestin and Enolase for neurogenesis (Diomede et al., 2017a) were analyzed.

To verify the differentiation potential of EBs-hGMSCs in vitro, expression analysis of molecular markers as paired box-6 (PAX-6) and microtubule-associated protein 2 (MAP2), fetal liver kinase-1 (FLK-1) and homeobox protein (MSX-1), GATA-binding factor 4 and 6 (GATA-4, GATA-6), for ectoderm, mesoderm, and endoderm, respectively, were carried out. Total RNA from EBs-hGMSCs and hGMSCs was purified with RNA Purification Kit (Norgen Biotek Corp., Ontario, CA, United States) according to the manufacturer’s instructions. Real-Time PCR (RT-PCR) was carried out with the Mastercycler ep realplex RT-PCR system (Eppendorf, Hamburg, Germany). Commercially available TaqMan Gene Expression Assays (PAX-6 Hs01088114_m1; MAP-2 Hs00258900_m1; Flk-1 Hs00911700_m1; MSX-1 Hs00427183_m1; GATA-4 Hs00171403_m1; and GATA-6 Hs00232018_m1) and the TaqMan Universal PCR Master Mix (Applied Biosystems, Foster City, CA, United States) were used according to standard protocols. Beta-2 microglobulin (B2M Hs99999907_m1) (Applied Biosystems, Foster City, CA, United States) was used as template normalization. RT-PCR was performed in three independent experiments, duplicate determinations were carried out for each sample.

Immunofluorescence Staining and Confocal Laser Scanning Microscopy

Embryoid bodies-hGMSCs were fixed in 4% paraformaldehyde (PFA) (BioOptica, Milan, Italy) for 1 h at RT. Then samples were permeabilized with 1% Triton X-100 (BioOptica) for 5 min and treated with blocking buffer made of 2% BSA in PBS for 1 h. The following primary monoclonal antibodies were used: anti human PAX-6 (1:50; Abcam, Cambridge, United Kingdom) and anti-Brachyury (1:250; Abcam). Then, cells were incubated for 1 h at 37°C with Alexa Fluor 568 and Alexa Fluor 488, red and green fluorescence, respectively, conjugated goat anti-rabbit secondary antibodies (1:200) (Molecular Probes). Glass coverslips were placed upside down on glass slides and mounted with Prolong antifade (Molecular Probes). Samples were observed with Zeiss LSM510META confocal system (Zeiss, Jena, Germany) connected to an inverted Zeiss Axiovert 200 microscope equipped with a Plan Neofluar oil-immersion objectives (Diomede et al., 2017c). Images were collected using an argon laser beam with excitation lines at 488 nm and a helium-neon source at 543 and 665 nm.

Western Blot

Forty micrograms of proteins obtained from EBs-hGMSCs and hGMSCs were separated on SDS-PAGE and subsequently transferred to PVDF membrane using a SEMI-dry blotting apparatus (Bio-Rad Laboratories Srl, MI, Italy). Membranes were saturated for 2 h at RT in blocking buffer (1 × PBS, 5% milk, 0.1% Tween-20), then incubated overnight at 4°C in blocking buffer containing primary antibodies: mouse anti-DNMT1 (1:200), rabbit anti-acetyl-histone H3 (1:500), mouse anti-p21 (1:500), and mouse anti-β-actin (Santa Cruz Biotechnology, Santa Cruz, CA) (Trubiani et al., 1996). After four washes in PBS containing 0.1% Tween-20, samples were incubated for 1 h at RT with peroxidase-conjugated secondary antibody anti-mouse and anti-rabbit, respectively, diluted 1:2000 in 1× PBS, 2.5% milk, 0.1% Tween (Libro et al., 2016). Bands were visualized and quantified by the ECL method with Alliance 2.7 (UVItec Limited, Cambridge, United Kingdom).

Statistical Analysis

Gene expression and protein levels were compared by means of the Student’s t-test for unpaired observations and One way ANOVA for multiple comparisons. P-value < 0.05 was considered statistically significant. SPSS software (IBM, North Castel, NY, United States) was used to perform statistical evaluation.

RESULTS

hGMSCs Immunophenotype

Human gingival MSCs expressed high cell surface levels related to MSC markers: Oct 3/4, Sox-2, SSEA-4, CD 29, CD 44, CD 73, CD 90, and CD 105, while lacked the expression of hematopoietic markers CD 14, CD 34, and CD 45 (Figure 1).
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FIGURE 1. hGMSCs characterization. Representative flow cytometry of hGMSCs (n = 5). Cells express Oct 3/4, Sox-2, SSEA-4, CD 29, CD 44, CD 73, CD 90, and CD 105; while are negative for CD 14, CD 34, and CD 45.



hGMSCs Differentiation Ability

The multipotent potential of hGMSCs for differentiation in osteogenic, adipogenic, chondrogenic, and neurogenic lineages was determined by staining with Alizarin Red S, Oil Red O, Alcian blue and βIII-tubulin, respectively, after culture in specific induction media (Figures 2A1,B1,C1,D1). To confirm the obtained data, RT-PCR was assessed for all differentiated samples. RUNX2 and ALP were overexpressed in osteogenic committed cells (Figure 2A2), PPARγ and FABP4 were upregulated in adipogenic differentiated cells (Figure 2B2), ACAN and COL2A1 were upregulated in cells cultured in chondrogenic medium (Figure 2C2). Moreover, cells maintained under neurogenic conditions showed a high expression of neurogenic related markers, nestin and enolase, when compared with the undifferentiated cells (Figure 2D2).
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FIGURE 2. hGMSCs differentiation ability. (A1) Osteogenic differentiation of hGMSCs stained with Alizarin red S solution. (A2) RT-PCR of osteogenic related markers, RUNX2 and ALP. (B1) Adipogenic differentiation of hGMSCs stained with Oil Red to highlight cytoplasmic lipid droplets. (B2) RT-PCR of adipogenic related markers, PPARγ and FABP4. (C1) Chondrogenic differentiation of hGMSCs stained with Alcian blue solution. (C2) RT-PCR of chondrogenic related markers, ACAN and COL2A1 after 28 days of induction. (D1) Neurogenic differentiation was assessed by labeling with green-fluorescent marker, βIII-tubulin, cytoskeleton actin in red and nuclei in blue. (D2) RT-PCR of neurogenic related markers, Nestin and Enolase after 10 days of induction. Scale bar = 10 μm. ∗∗p < 0.01.



EBs Morphological Analyses

After 48 h of 5-Aza treatment the medium was replaced with fresh MSCGM-CD and hGMSCs were observed under inverted light microscopy at following timepoints: 0, 5, 10, and 48 h.

At 0 h, hGMSCs were plastic-adherent and showed a fibroblast like morphology (Figure 3A). Starting to 5 h till 48 h cells changed their morphological arrangement, in fact, adherent-cells to the plastic substrate formed a small cellular aggregate (EBs-hGMSCs) completely detached from the bottom well (Figures 3B–D).
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FIGURE 3. Inverted light microscope evaluation. hGMSCs treated with 5-Aza develop embryoid bodies like structure. Observations were carried out at different endpoint: (A) 0 h, (B) 5 h, (C) 10 h, and (D) 48 h. Mag: 10×.



Light microscopy of toluidine blue-stained semithin sections of resin-embedded samples after 10 days of culture and after 5-Aza treatment revealed EBs-hGMSCs as spherical dense cellular bodies (Figure 4).
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FIGURE 4. Characterization of embryoid bodies. Light microscopy of an EB-hGMSCs. Semithin sections stained with toluidine blue. (A) Section at the top of the samples; and (B) section in the middle of the EB.



The cells were elongated at the periphery of EBs-hGMSCs as shown by light microscopy image at higher magnification (black square in Figure 5A) and confirmed by transmission electron microscopy analysis (Figure 5B). The cells showed euchromatic nuclei and, at higher magnification, filaments, mitochondria, lipid droplets, rough endoplasmic reticulum, and vesicles were visible in the cytoplasm (Figure 5C). Plasma membrane thickenings were also observed (Figure 5D). Light microscopy observation at higher magnification of EBs-hGMSCs center, showed ribbon-shaped cells and smaller cells with irregular shape (Figure 6A) also highlighted by electron microscopy analysis (Figures 6B,C). The cells showed euchromatic nuclei. Filaments, mitochondria, lipid droplets, rough endoplasmic reticulum, and vesicles were present in the cytoplasm (Figure 6D). Some junctional complexes were observed to connect adjacent cells (Figure 6E). Ultrastructural observation showed that the cells were surrounded by extracellular matrix (Figures 6B,C) that appeared predominantly fibrillar at higher magnifications (Figure 6F).
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FIGURE 5. Light and transmission electron microscopy of EB-hGMSCs periphery. (A) Light microscopy of semithin section stained with toluidine blue at high magnification. The square marked peripheric area where the cells are elongated. Bar: 10 μm. (B–D) Transmission electron microscopy. (B) A magnification of an area similar to that marked by square in (A) shows some layers of elongated cells with euchromatic nuclei (N). Bar: 2 μm. (C) At higher magnification, filaments (arrow), lipid droplets (L), mitochondria (M), rough endoplasmic reticulum (RER), and vesicles (V) are visible in the cytoplasm. Bar: 0.2 μm. (D) Plasma membrane thickening is present (arrow). Bar: 0.1 μm.
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FIGURE 6. Light and transmission electron microscopy of EB-hGMSCs centre. (A) Light microscopy of semithin section stained with toluidine blue at high magnification. Bar: 10 μm. (B–F) Transmission electron microscopy. (B,C) Magnifications of areas similar to that shown in (A) shows ellipsoid (B) and irregular contour cells (C) with euchromatic nuclei (N), the cells are immersed in extracellular matrix (ECM). Bars: 2 μm. (D) At higher magnification, filaments (arrows), lipid droplets (L), mitochondria (M), vesicles (V), and rough endoplasmic reticulum (RER) are visible in the cytoplasm. Bar: 0.5 μm. (E) A junctional complex is present between two cells (arrow). Bar: 0.2 μm. (F) Higher magnification of extracellular matrix (ECM). Bar: 0.2 μm.



Gene Expression

Cell fate decision of pluripotent embryonic stem cells is dictated by the activation and repression of specific sets of lineage-specific genes. To determine the EBs-hGMSCs functionality quantitative RT-PCR (qRT-PCR) assays for lineage-specific genes was performed. EBs-hGMSCs showed a significantly increased expression of ectoderm (MAP-2 and PAX-6), mesoderm (MSX-1 and Flk-1), and endoderm (GATA-4 and GATA-6) specific markers compared to untreated hGMSCs (Figure 7).
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FIGURE 7. Gene expression. Analysis of lineage-specific markers for ectoderm (MAP-2 and PAX-6), mesoderm (MSX-1 and Flk-1), and endoderm (GATA-4 and GATA-6) layers in hGMSCs (ctrl) and in EBs-hGMSCs (EBs). ∗∗p < 0.01 and ∗p < 0.05.



Immunofluorescence Staining

Pictures at bright field of EBs-hGMSCs showed a spherical morphology (Figure 8A). The immunostaining of the same sample showed a positivity of PAX6 (ectoderm marker) localized at peripheral level (Figure 8B), while Brachyury (mesoderm marker) positive cells were localized into a middle area (Figure 8C), demonstrating the specific germ layer 3D-organization (Figure 8D).
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FIGURE 8. Immunofluorescence staining of EB-hGMSCs. Images of within the same colony. Representative pictures of ectoderm and mesoderm germ layers of EB-hGMSCs. (A) Bright field acquired image, (B) PAX6 ectoderm marker staining (red fluorescence), (C) Brachyury mesoderm marker staining (green fluorescence), and (D) merge image of above mentioned two channels. Scale bar: 50 μm. Results are representatives of three different experimental replicates.



Western Blot Analysis

Protein levels were measured using western blotting analysis. ACH3 and DNMT1 were overexpressed in EBs-hGMSCs meanwhile p21 was downregulated when compared to untreated hGMSCs (Figure 9).
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FIGURE 9. Protein levels. Western blot analysis showed an over expression of ACH3 and DNMT1 and a down expression of p21 in EBs-hGMSCs (EBs) when compared to the untreated hGMSCs. Beta-actin has been used as housekeeping protein.



DISCUSSION

Vertebrate organ development is related to inductive interactions between the epithelium and the adjacent mesenchyme (Slavkin, 1984; Yasugi, 1993). During the development, the loss of pluripotency in blastomeres is accompanied by extensive DNA methylation changes, resulting in a differentiation process in embryos.

The exposure to 5-Aza, a DNA demethylating agent, inhibits DNA methyltransferase activity and re-establishes the expression of pluripotency markers in differentiated mouse ESCs (Santos and Dean, 2004). In fact, mouse trophoblast cells and ESCs cultured with 5-Aza (1 μM) expressed OCT4 and NANOG embryonic markers (Hattori et al., 2004), and were able to differentiate in vivo (Lim et al., 2011).

In vivo, dental epithelium originates from the oral ectoderm during tooth germ development. The dental mesenchyme is derived from neural crest cells that take origin from the ectoderm (Thesleff and Hurmerinta, 1981; Balic and Thesleff, 2015). Starting from these considerations, cells derived from oral cavity tissue could represent a platform to analyze the multiple processes linked to precocious embryogenic stages.

Actually, a common method for producing different cell lineages for numerous applications in cell biology and in regenerative medicine is represented by EBs obtained from ESCs.

In this study, a new experimental model to obtain de-differentiated cells able to develop EBs starting from hGMSCs exposed to 5-Aza for 48 h was used.

Recently, it has been demonstrated that hGMSCs, highly proliferative until long term passage, were relatively uniform in terms of ultrastructure and expression of surface antigen markers linked with mesenchymal profile, such as CD 13, CD 29, CD 44, CD 73, CD 90, CD 105, CD 166, and HLA-ABC (Diomede et al., 2017b; Rajan et al., 2017b). The expression of selective embryonic markers OCT4, SSEA-4, SOX2, and NANOG were also detected until passage 15 (P15) (Diomede et al., 2017b) and in addition, the heterogeneous expression of other embryonic markers such as CDYL, FOXC1, HESX1, JARID2, MEIS1, and MYST3 at P15 in hGMSCs has been observed (Diomede et al., 2017b).

Human gingival mesenchymal stem cells are spontaneously able to start a differentiation process toward neural progenitor cells after extended passaging. In fact, the morphology of hGMSCs was changed from typical fibroblast-like shape to sphere shaped cells, observable at passage 41 (Rajan et al., 2017b). Next generation transcriptomics sequencing displayed increased expression of neurogenesis-associated genes, including NRXN2, EFNA5, GDAP1L1, LHX9, and HDAC2. In addition, de novo expression of neural precursor genes, such as NRN1, PHOX2B, VANGL2, and NTRK3 were detected at passage 41 (Rajan et al., 2017b).

Light and electron microscope demonstrated that 5-Aza induced in vitro hGMSCs aggregation in round cluster of different size, typical characteristic of EBs formation. Transmission electron microscope observations confirmed that EBs generated from hGMSCs (EBs-hGMSCs) showed a structural organization with formation of junctional complexes. Moreover, the role of 5-Aza, on hGMSCs culture, was also related to epigenetic regulatory mechanisms and associated in gene expression changes. In fact, 5-Aza treatment was associated in EBs-hGMSCs with DNMT1 upregulation and with histone acetylation improvement.

EBs represents the early stage of lineage-specific differentiation toward many lineages such as cardiac, neural and hematopoietic (Dang et al., 2002; Sargent et al., 2009; Sathananthan, 2011). Although EBs permit the generation of cells to all three primary germ layers, the differentiation outcomes are highly dependent upon the quality of EBs, which is affected by the medium conditions, the cell numbers, and the sizes of EBs (Khoo et al., 2005).

In the present experimental model, RT-PCR performed on EBs-hGMSCs, showed a positive expression for MAP-2, PAX-6, Flk-1, MSX-1, GATA-4, and GATA-6 genes, representative of all three germ layers.

N-CAM is an integral membrane glycoprotein that is present on the surfaces of most peripheral and central neurons. This molecule is thought to mediate a variety of intercellular adhesive interactions in the nervous system (Bock, 1998).

MAP2K2 is an element of a signaling called the RAS/MAPK pathway, which transmits chemical signals from outside the cell to the cell’s nucleus. RAS/MAPK signaling helps control of growth and proliferation, differentiation, cell movement, and apoptosis (Duesbery and Vande Woude, 2006; Scholl et al., 2007).

MSX-1 gene is involved in the protein assembly regulating the activity of other genes. Moreover, it is considered as part of a larger family of homeobox genes acting during early development to control the formation of many body structures.

The GATA family of transcription factors consists of six proteins (GATA1-6) involved in a variety of physiological and pathological processes. GATA1/2/3 are required for differentiation of mesoderm and ectoderm-derived tissues, while GATA4/5/6 are implicated in development and differentiation of endoderm- and mesoderm-derived tissues, such as induction of ESC differentiation, cardiovascular embryogenesis and guidance of epithelial cell differentiation in the adult (Lentjes et al., 2016). Ectodermal PAX-6 transcription factor, detected during embryonic development and involved in eye and brain development, was upregulated in EBs (Yan et al., 2010).

Remarkably, immunostaining of PAX-6 and Brachyury of EBs-hGMSCs observed under confocal microscopy, put in evidence the specific spatial organization in germ layer, as ectodermic and mesodermic layers, respectively (Poh et al., 2014).

In conclusion, this study demonstrates a simple and efficient method to develop EBs from oral cavity derived stem cells, according to the study showing that DPSCs are able to form embryoid-body-like structures in vitro containing cells derived from all three embryonic germ layers when injected in nude mice (Yan et al., 2010). Moreover, it has been demonstrated that oral derived stem cells possess higher reprogramming efficiency than dermal fibroblasts, thus prove that these cells are more amenable for reprogramming (Pisal et al., 2018) and that transgene-free-DSC iPSCs are capable to undergo toward neurogenic differentiation till to functional neurons stage in vitro (El Ayachi et al., 2018).

The study outcomes were focused on the potential role of 5-Aza and provide a potential link between epigenetic modification and cell differentiation.

Epigenetic modification, as DNA methylation, histone modification, and chromatin remodeling, are crucial for cellular differentiation process, development, and gene expression (Yun et al., 2012). Histone modifiers, such as histone acetyltransferases (HAT) and histone deacetylases (HDAC), are able to control gene transcription during development and pan-HDAC inhibitors have been shown to block the differentiation in vitro (Haberland et al., 2009; Yu et al., 2010). In this culture system ACH3 is expressed as DNMT1, conversely as aspected p21 is absent. p21 is a senescence markers that is expressed in long-term passage cell culture (Diomede et al., 2017b). Further investigations will be necessary to understand the differentiation ability of hGMSCs, their biology machinery and their possible application in autologous cell therapy for clinical organ repair.

Within the limitations of this study, it could be conceivable that 5-Aza induces a de-differentiation process related to a EBs formation in our culture system, according with our results showing the expression of the ecto-, meso-, and endo-dermal markers and the morphological changes of hGMSCs. Then, the new cell technology that use adult stem cells from an easily accessible source, as the oral tissues, could open new opportunity in stem cell research in order to provide cells able to differentiate in multiple lineages.
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