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Regenerative medicine typically aims to
promote and improve the healing of tissues and
organs of the human body, to restore the
physiological architecture and the main functions
lost.!

The combination of several scientific fields,
including tissue engineering and cell biology, has
led to the development of novel regenerative
therapies that claim to obtain a better repairing,
regenerating and replacing of tissues and organs
damaged by chronic and acute diseases, or by
severe traumatic injuries. In this landscape, the
mesenchymal stem cells (MSCs) have been
widely  reported to  self-regenerate  and
differentiate towards different tissues, under
specific conditions and stimuli.”  Nowadays,
MSCs are routinely used in autologous
transplantation: the use of specific molecular
effectors and biomimetic scaffolds populated with
such MSCs has shown promising results both in
vitro and in vivo experiments aimed to achieve a
time-effective  tissue reconstruction and a
functional regeneration of complex organs.

Besides, studies on the extracellular matrix
(ECM) and its interaction with cells have
improved the knowledge of stem cell behavior
and tissue growth and differentiation on different
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surfaces. Recent studies on novel 3D-cultured cell
models have investigated specific pathways in
“living functional conditions”, combining ECM-
based scaffolds, growth factors (GFs) and stem
cells (SCs). Nevertheless, the last debates in the
scientific community are discussing the usefulness
of the traditional concept of scaffolds in modern
regenerative procedures.

This critical review aims to discuss the more
inspiring and promising approaches with the novel
biomimetic scaffolds, and about the Ilast
techniques used to regenerate tissues without the
need to use the scaffolds.

The current regenerative procedures can
recognize two main approaches: scaffold-based
and scaffold-free.

The promising results achieved by
regenerative  procedures have  significantly
influenced various medical fields, including
dentistry, and specifically the endodontics.

Regenerative dentistry aims to translate the
latest discoveries in stem cell research, to
regenerate and repair both soft and hard oral
tissues.’

In the early ‘90s, the regenerative techniques
have started to use autologous matrices, like the
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platelet concentrates and growth factors, to
improve tissue regeneration and to speed the
healing process. In the last decades, the
development of new biomaterials has allowed
scientists to  combine the oral-derived
mesenchymal stem cells (MSCs) and novel
biomimetic scaffolds in dental repairing, so to
induce not only a reparative process but also an
immunomodulatory  activity, improving the
reparative process and the support of scaffolds to
the dental implants.*

The regenerative procedures have been
simplified thanks to the discovery of several MSC
sources easily obtainable from the oral tissues;
more in detail, the human teeth seem to have
several structures rich in stem cells, characterized
by easy harvesting and high efficiency during the
isolation and culture stages, compared to other
MSCs found in other tissues of human body. ®

Undoubtedly, the most investigated oral-
derived MSCs are the dental pulp stem cells
(DPSCs).°

Several studies have well demonstrated the
important contribution of such stem cells towards
the regenerative procedures and immunomodulation
in dentistry. "

In 2003, MSCs from human exfoliated
deciduous teeth (SHED) were suggested as a
regenerative tool able to treat different gingival
damages and to regenerate both dental and bone
tissues.'* Furthermore, the human periodontal
ligament stem cells (PDLSC) have been shown to
have the ability to differentiate into cells similar to
cementoblasts, to regenerate structures similar to
dental cement that bind the periodontal ligament,
thus contributing to the repairing of the whole
periodontal organ.*?

The discovery of MSCs in dental structures
has created also interest in the anatomical tissues
surrounding  teeth:  the  fibrous/connective
envelope around the developing tooth, the dental
follicle, hosts MSCs named progenitor cells of the
dental follicle (DFPC).”® Similarly, the apical
gingival papilla surrounding the human teeth has a
rich population of stem cells (SCAP).* DFPC and
SCAP can both differentiate towards odontogenic

and osteogenic lineages, as well as adipose and
neuron-like cells.”

In this landscape, Marrelli, Tatullo, and
Paduano worked on a new concept of oral-derived
stem cells, by investigating the biological
properties of the discarded tissues harvested
during the surgical removal of decayed and
inflamed teeth. This novel approach was based on
the reusing of biological wastes in regenerative
medicine. In fact, the authors found that the inner
layer of human periapical cysts (hPCy-MSC) were
rich of MSCs, able to differentiate towards the
classic osteo-/adipo-/condro-genic lineages; such
hPCy-MSCs were also compared with DPSCs,
showing a stronger commitment towards the bone
reconstruction, similarly to the bone marrow stem
cells BMSCs. "8

Stem cells have shown significant potential
in regenerative dentistry, not only for their
proliferative and differentiating ability but also for
the powerful events induced by specific factors
secreted during their lifetime. Stem cells are,
moreover, strategic players able to modulate the
inflammatory response when they are engrafted in
tissues, in combination with scaffolds or not. In
the last few years, scientists are focusing their
attention on the interaction between stem cells and
the biological site of implantation: this interaction
is mediated by several co-factors that work to
reproduce a more “friendly” microenvironment,
also called “stem cell niche”. The establishment of
these conditions is now considered fundamental to
ensure successful engraftment of the newly
implanted tissue/organ. The improvement of such
conditions has developed a new concept of
scaffold-free  approach, which is different
compared with the scaffold-based procedures. The
use of human periapical cysts (hPCy-MSC) has
been largely described: the impact of such novel
and easy-to-obtain oral-/dental-derived MSCs has
triggered the research on novel biomaterials and
on innovative strategies for optimizing and
translate in vivo the researches related to tissue
engineering in dental applications.
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