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Among mesenchymal stem cells, dental pulp stem cells (DPSCs) were discovered most
recently. DPSCs showed the same properties as in vitro mesenchymal stem cells (MSCs) [1]
and exhibited plasticity, high proliferative ability, self-renewal, and multilineage differenti-
ation capabilities. DPSCs demonstrated an ability to differentiate into the cells of several
mesodermal tissues, including cartilage, bone, skeletal, and cardiac muscles [2,3]. Moreover,
numerous studies have shown DPSCs’ differentiation capability in non-mesodermal tissue
such as neurons [4]. Some researchers have highlighted that DPSCs can secrete different
molecules in the medium that can be used in regenerative medicine. Ogata et al. showed
that conditioned media derived from DPSC (DPSC-CM) contain several molecules such
as anti-inflammatory cytokines [5,6], interleukin (IL)-10, IL-13, follistatin, transforming
growth factor (TGF)-β1, hepatocyte growth factor (HGF), neural cell adhesion molecule-1
(NCAM-1), adiponectin, etc. The production of cytokines can reduce inflammation, in-
crease progenitor cell proliferation, ameliorate tissue repair, and reduce infection more
effectively compared with bone-marrow-derived MSCs (BMMSCs) [7]. In this paper, the
authors reported the most important experiment in vivo regarding the use of DPSC-CM
in different pathologies. In fact, Yamaguchi S. et al. observed a reduction in myocardial
infarction (MI) and enhancement of cardiac function in mice after ischemia–reperfusion
(I/R). This phenomenon correlates with ischemic heart apoptosis and reduced inflamma-
tion [8,9]. In addition, they showed that in particular conditions (such as hypoxia and
serum deprivation), DPSC-CM can induce cardiomyocyte survival, and a reduction in pro-
inflammatory mediators promoted by lipopolysaccharide (LPS) [8]. The authors suggest
that the administration of DPSC-CM may protect the heart from ischemic damage by at
least two mechanisms: mediating the reduction in cardiomyocyte death and suppressing
inflammatory responses in myocardial cells. Moreover, DPSCs used in a mouse model
after spinal cord injury (SCI) were found to secrete various trophic factors, such as BDNF
and GDNF, and significantly enhanced motor functions [10,11]. Furthermore, other factors
(ED-Siglec-9 and monocyte chemoattractant protein-1) which induced significant functional
recovery in a rodent SCI model by promoting an M2-dominant neuro-repairing microen-
vironment were released [12]. Thu Vu et al. demonstrated the efficiency of stem cells
from human exfoliated deciduous teeth-conditioned media (SHED-CM) in the stimulation
of DPSC proliferation, survival rate, and migration in a dose-dependent manner. They
observed the upregulation of odontoblast/osteogenic-related marker genes, such as ALP,
DSPP, DMP1, OCN, and RUNX2, and the enhanced mineral deposition of impaired DPSCs
is also observed in the presence of SHED-CM. As in DPSC-CM, the analysis of SHED-CM
showed the presence of a variety of cytokines and growth factors which have positive
effects on cell proliferation, migration, anti-apoptosis, and odontoblast/osteogenic differen-
tiation. These findings suggest that SHED-CM could provide benefits to DPSCs in pulp
regeneration, and that they are able to recover the odontogenic/osteogenic differentiation
capacity of DPSCs after H2O2-induced injury. The presence of SHED-CM increased DPSC
proliferation and promoted its migration. Therefore, SHED-CM can improve the success
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of pulp tissue regenerative therapy even if further in vivo studies should be conducted to
evaluate the efficiency leading to the formation of functional pulp-like tissue inside the
root canal. Delle Monache et al. showed that hypoxia conditioning can induce a commit-
ment of DPSCs vs. a neuronal phenotype and that this process was probably induced
through an autocrine/paracrine mechanism. In fact, the oxygen (O2) concentration is one
of the most important critical factors during the DPSC differentiation process. Moreover,
it has been demonstrated that the O2 concentration in a culture environment is essential
to maintain stem cell plasticity and proliferation [13]. The authors showed that hypoxia
could induce the phenotypic differentiation of DPSCs. They evaluated the morphology
and compared DPSCs’ stem and neuronal markers by flow cytometry to the mRNA ex-
pression profiles of DPSCs exposed or not exposed to hypoxia. Then, they investigated
the autocrine/paracrine effect of hypoxia on the DPSCs’ neuronal commitment. Moreover,
they assessed the mRNA profiling of DPSCs treated with CM enriched by hypoxia. Data
reported in the literature confirm that DPSC populations can be differentiated into neuron-
like cells under appropriate conditions [4]. The authors showed that hypoxia (O2 1%),
can determine the commitment of DPSCs towards a neurogenic phenotype, and it may
stimulate the secretion of multiple growth factors which are responsible for promoting the
neuronal differentiation of undifferentiated and/or partially committed cells. Moreover,
Delle Monache et al. reported that DPSCs stimulated by hypoxic CM exhibited a higher
neuronal expression marker profile than DPSCs treated with normoxic CM. These results
suggest the potential clinical utility not only of differentiated neuronal DPSCs, but also of
DPSCs-CM which can be inoculated in vivo with therapeutic effects in neurodegenerative
disease models. Diomede et al. developed the decellularized dental pulp (DDP) scaffold
obtained by the decellularization process enriched with extracellular vesicles (EVs) and
5-Aza-2′-deoxycytidine (5-Aza) for dental pulp regeneration The authors used DPSCs as a
cell source for DDP recellularization, because these cells are known to be excellent candi-
dates for dental pulp regeneration. They showed that after the recellularization, DPSCs
attach, proliferate, and migrate on the DDP scaffold; these cells have demonstrated their
suitability for cell binding and growth. Light microscopy and SEM images demonstrate the
capacity of DPSCs to recolonize the DDP scaffold. EVs derived from MSCs have been stud-
ied for their beneficial effects on tissue regeneration due to paracrine action [14,15]. Several
molecular factors released by EVs promote cell recruitment, with a significant potential role
in endogenous tissue repair and regeneration [16,17]. They showed that EVs enhance tissue
regeneration in combination with a 3D scaffold [18]. Moreover, they observed that EVs
derived from DPSCs could promote cellular functions and thus offer an alternative therapy
of a regenerative endodontic approach [19]. EVs in regenerative endodontic therapies
have been reported as an ideal biomimetic tool exhibiting potential angiogenic properties,
inducing stem cell recruitment into the root canal followed by cell differentiation [20,21].
Exosomes, carrying cell-type-specific biological molecules (such as proteins, mRNA, and
microRNA), are fundamental for intercellular communications during tissue formation and
repair [22]. In particular, microRNA plays important roles in stem cell differentiation and
promotes odontogenic differentiation via the TGFβ1/Smad signaling pathway by down-
regulating the inhibitory molecule LTBP1 in DPSCs [23]. The authors used 5-Aza treatment
to induce the odontogenic differentiation of DPSCs without the use of an odontogenic
medium; they observed a reduction in the DNA methylation levels of some odontogenic
differentiation-associated genes (such as ALP and DLX5). The combined EVs and 5-Aza
treatment of DPSCs seeded on DDP could upregulate the expression of odontogenic and
osteogenic markers (ALP, RUNX2, COL1A1, Vinculin, DMP1, and DSPP) compared with
the DPSCs without the decellularized scaffold. Their findings suggest that DDP enriched
with DPSCs and EVs showed a high potential to provide a promising scaffold in dental
pulp regeneration, promoting DPSC odontogenic differentiation. The use of decellularized
scaffolds to design a novel biomaterial overcomes some difficulties in endodontic regen-
erative practice, because the DDP may directly fill the root canal of the teeth and exhibits
an optimized architecture to allow endogenous cell colonization and proliferation into the
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intracanal space. Hassan et al. studied the effects of dentin phosphophoryn-derived RGD
peptides (DPP-derived RGDs) on the differentiation and mineralization of DPSCs in vitro.
They showed that DPP-derived RGD peptides promote the proliferation, differentiation,
and mineralization of DPSCs in vitro. In this study, the authors used three RGD peptides
(RGD 1, 2, and 3). All three RGD peptides were able to induce ALP activity, ARS staining,
and promote the mRNA expression of odontogenic genes, although RGD-3 was the most
active. Moreover, they investigated the effects of different cell signaling pathway inhibitors
and showed that the p38 inhibitor (SB202190) was most effective among the MAP kinase
inhibitors during differentiation and mineralization experiments. The authors showed
that RGD-3 increased the mRNA expression of integrins, particularly the alpha and beta
subunit genes. They speculated that RGD-3, binding to the integrin receptors on the surface
of DPSCs, regulated differentiation gene expression via the activation of p38 in the MAP
kinase pathway. The authors conclude that RGD-3 is a promising material to be considered
in the future for vital pulp therapies. Moreover, they suggested the inclusion of RGD-3 in
the formulation of a novel pulp capping agent based on its properties in the commitment
of undifferentiated pulp cells into odontoblasts.

All these data evidence the possible role of DPSCs and their conditional media in
regenerative medicine. There are still limitations to overcome in order to use these cells
and CMs completely safely. In fact, DPSCs represent a very heterogeneous population due
to the different derivations from the embryonic sheets. Further studies will be needed to
separate specific clones (i.e., CD44, Nestin, and CD73) of DPSCs that are best suited to the
repair of a specific tissue. At the same time, these clones could release specific molecules
in the CM, and therefore be used specifically in the repair of some tissues rather than
others [24].

Conflicts of Interest: The authors declare no conflict of interest.
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