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Embryonic
stem cells have been studied extensively in the field of
regenerative
medicine due to their pluripotency and potential for therapeutic
applications. However, their limited availability and the ethical
concerns surrounding their usage have led researchers to explore
alternative sources of stem cells. This has led to the discovery of
dental stem cells, which have emerged as a promising source of
regenerative cells due to their accessibility and regenerative
potential.
    
  



 








  

    

      
Dental
stem cells can be obtained from biological waste generated during
routine dental procedures, making it an ethical and cost-effective
option. These cells possess the ability to differentiate into
various
cell types including neurons, osteoblasts, adipocytes,
chondrocytes,
and muscle cells, thus making them a valuable resource for tissue
engineering and regenerative medicine.
    
  



 








  

    

      
To
overcome the drawbacks associated with traditional stem cells,
advanced cell reprogramming technology has been introduced as an
alternative. This technology involves reverting mature somatic
cells
back into stem cells through the process of cell reprogramming.
Additionally, transdifferentiation - the direct conversion of one
type of cell into another without going through a pluripotent state
-
has emerged as another viable option. Both of these methods have
shown promising results in terms of generating a large number of
stem
cells while also overcoming ethical concerns.
    
  



 








  

    

      
However,
successful use of these therapies requires understanding the
mechanisms behind cellular differentiation, particularly epigenetic
regulation. Epigenetic memory allows cells to revert back to their
original cell type if not properly controlled during cellular
differentiation. As such, careful management of epigenetic
background
is crucial for successful use of these techniques.
    
  



 








  

    

      
In
this context, we will explore all available sources of dental stem
cells including dental pulp stem cells (DPSCs), stem cells from
human
exfoliated deciduous teeth (SHEDs), periodontal ligament stem cells
(PDLSCs), and dental follicle progenitor/stem cells (DFPCs/DFSCs).
We
will also discuss the procedures used to obtain these cells and
their
ability to differentiate into various cell types.
    
  



 








  

    

      
Furthermore,
we will delve into the concepts of cellular reprogramming and
transdifferentiation in terms of genetics and epigenetics. This
includes an overview of DNA methylation, histone modification, and
non-coding RNA, and how they impact gene expression and cellular
differentiation.
    
  



 








  

    

      
Finally,
we will explore the novel therapeutic avenues for using
dental-derived stem cells, including their potential for tissue
engineering, regenerative medicine, and the treatment of various
diseases. By understanding the mechanisms behind cellular
differentiation, researchers can develop effective treatments that
harness the full potential of dental stem cells.
    
  



  

    

      
Stem
cells have emerged as a promising tool for regenerative medicine
and
tissue engineering due to their unique ability to differentiate
into
various functional cells present in an organism, as well as their
ability to self-renew. These cells are classified based on their
differentiation potential, with totipotent stem cells being the
most
versatile, followed by pluripotent, multipotent, and unipotent stem
cells.
    
  



 








  

    

      
Embryonic
stem cells (ESCs) are among the most well-known types of stem
cells,
and they possess the highest differentiation potential. These cells
have been shown to be theoretically capable of differentiating into
more than 200 cell types, making them an attractive option for
regenerative medicine and tissue engineering applications. However,
there are various biological and ethical limitations associated
with
their usage. For example, obtaining ESCs is difficult, and their
acquisition requires the destruction of embryos, which raises
ethical
concerns. Additionally, there are risks of immune rejection and
teratoma formation associated with their usage.
    
  



 








  

    

      
To
overcome these limitations, researchers have explored other
alternatives such as adult stem cells and induced pluripotent stem
cells (iPSCs). Adult stem cells are multipotent or unipotent cells
found in various tissues throughout the body, including bone
marrow,
adipose tissue, and the dental pulp. Unlike ESCs, adult stem cells
can be obtained without destroying embryos, and they have a lower
risk of immune rejection and teratoma formation. However, the
differentiation potential of adult stem cells is limited compared
to
that of ESCs.
    
  



 








  

    

      
Induced
pluripotent stem cells (iPSCs) are another alternative that has
garnered significant attention in recent years. These cells are
generated by reprogramming mature somatic cells back into a
pluripotent state, similar to ESCs. iPSCs offer several advantages
over ESCs, including their availability, lower ethical concerns,
and
lower risk of immune rejection. Additionally, the use of iPSCs can
potentially minimize the need for immunosuppressive therapies,
which
are often required when using ESCs.
    
  



 








  

    

      
Despite
these advantages, there are still limitations associated with the
use
of iPSCs, such as the potential for genetic abnormalities and
epigenetic memory that can impact their differentiation potential.
However, researchers continue to explore ways to overcome these
limitations and unlock the full potential of stem cells for
regenerative medicine and tissue engineering applications.
    
  



 








  

    

      
In
summary, while stem cell therapy holds great promise for
regenerative
medicine and tissue engineering, there are various biological and
ethical considerations that must be taken into account when
choosing
the appropriate type of stem cell. By understanding the strengths
and
limitations of different stem cell types, researchers can develop
more effective treatments and unlock the full potential of stem
cells
in regenerative medicine and tissue engineering.
    
  



  

    

      
Somatic
stem cells have emerged as a viable alternative to ESCs for
regenerative medicine applications. These stem cells originate from
autologous cells, meaning they are derived from the same individual
who will receive the therapy, reducing the risk of immune
rejection.
Lineage-specific multipotent stem cells are classified based on
their
source of origin and include skeletal stem cells, muscle stem
cells,
endothelial stem cells, adipose-derived stem cells, and dental stem
cells.
    
  



 








  

    

      
Dental
stem cells have gained significant attention in recent years due to
their regenerative potential and accessibility. These cells can be
obtained from biological waste generated during routine dental
procedures, making them an ethical and cost-effective option.
Furthermore, dental stem cells possess the ability to differentiate
into various cell types, including neurons, osteoblasts,
adipocytes,
chondrocytes, and muscle cells, making them a valuable resource for
tissue engineering and regenerative medicine.
    
  



 








  

    

      
To
fully harness the potential of somatic stem cells, researchers must
first identify the differentiation potential or "stemness"
of these cells. This involves understanding the genetic and
epigenetic factors that contribute to their function and
differentiation potential. Additionally, cell reprogramming has
been
introduced as a means of generating pluripotent stem cells from
somatic cells. This process involves introducing specific genes
that
promote pluripotency, resulting in the generation of ESC-like
cells.
    
  



 








  

    

      
While
these advancements hold great promise for regenerative medicine and
tissue engineering, there are still challenges that must be
addressed. For example, ensuring the safety and efficacy of stem
cell
therapies requires a thorough understanding of cellular
differentiation and the mechanisms that regulate it. Additionally,
ethical considerations surrounding the use of human-derived stem
cells must be carefully evaluated.
    
  



 








  

    

      
In
summary, somatic stem cells offer an attractive alternative to
embryonic stem cells for regenerative medicine applications. Dental
stem cells, in particular, have emerged as a promising source of
regenerative cells due to their accessibility and regenerative
potential. By understanding the mechanisms behind stem cell
differentiation and developing safe and effective therapies,
researchers can unlock the full potential of stem cells in
regenerative medicine and tissue engineering.
    
  



  

    

      
Dr.
Shinya Yamanaka's groundbreaking research on induced pluripotent
stem
cells (iPSCs) has revolutionized the field of regenerative
medicine.
His work focused on using just four transcription factors - Oct4,
Klf4, Sox-2, and c-Myc - to reprogram somatic cells into a
pluripotent state, similar to that of embryonic stem cells.
    
  



 








  

    

      
While
the discovery of iPSCs holds significant promise for regenerative
medicine and tissue engineering applications, there are still
limitations associated with their usage. For example, the
generation
of iPSCs can be inefficient, slow, and challenging to recover
epigenetic markers. These challenges have made researchers look for
alternatives that can overcome these issues.
    
  



 








  

    

      
Transdifferentiation,
also known as direct lineage conversion, is a newer technique that
has emerged as a promising alternative to iPSCs. This process
involves converting one specialized somatic cell directly into
another without going through a pluripotent state.
Transdifferentiation offers several advantages over iPSCs,
including
faster kinetics, higher efficiency, and lower risk of teratoma
formation.
    
  



 








  

    

      
Furthermore,
transdifferentiation has been shown to be effective in generating
specific cell types for various regenerative medicine applications.
For example, it has been used to convert fibroblasts into
cardiomyocytes or neural progenitor cells, which hold promise for
the
treatment of heart disease or neurological disorders,
respectively.
    
  



 








  

    

      
Despite
its potential, transdifferentiation also has certain limitations.
For
example, it may not be feasible to generate all cell types through
this method due to the complex genetic and epigenetic regulation
involved in cellular differentiation. However, researchers continue
to explore ways to optimize and enhance the effectiveness of
transdifferentiation and unlock its full potential for regenerative
medicine and tissue engineering applications.
    
  



 








  

    

      
In
summary, while iPSCs have been a major breakthrough in the field of
regenerative medicine, they come with certain limitations such as
their low efficiency, slow kinetics, and difficulty in the recovery
of epigenetic markers. Transdifferentiation has emerged as a
promising alternative that offers several advantages over iPSCs,
such
as faster kinetics, higher efficiency, and lower risk of teratoma
formation. By understanding the benefits and limitations of both
techniques, researchers can develop more effective treatments for a
broad range of diseases and unlock the full potential of stem cells
in regenerative medicine and tissue engineering.
    
  



  

    

      
This
chapter provides a comprehensive overview of dental stem cells and
their potential applications in regenerative medicine. We begin by
discussing the various sources of dental stem cells, including
dental
pulp stem cells (DPSCs), stem cells from human exfoliated deciduous
teeth (SHEDs), periodontal ligament stem cells (PDLSCs), and dental
follicle progenitor/stem cells (DFPCs/DFSCs). We delve into the
unique properties of each type of dental stem cell, such as their
differentiation potential and accessibility, which make them
valuable
resources for tissue engineering and regenerative medicine.
    
  



 








  

    

      
Next,
we describe in detail the procedures used to obtain dental stem
cells, including isolation, culture, and expansion techniques. We
discuss the challenges associated with these processes, such as
maintaining the stemness of the cells during culture, and offer
insights into best practices for successful harvest and
expansion.
    
  



 








  

    

      
We
then explore the ability of dental stem cells to differentiate into
various cell types, including neurons, osteoblasts, adipocytes,
chondrocytes, and muscle cells. We examine the factors that
influence
differentiation, such as environmental cues and genetic
programming,
and discuss how researchers are working to optimize these processes
for therapeutic use.
    
  



 








  

    

      
To
further enhance the potential of dental stem cells for tissue
regeneration, we introduce the concepts of cell reprogramming and
transdifferentiation in epigenetics. This includes an in-depth
analysis of DNA methylation, histone modification, and non-coding
RNA, and how they impact gene expression and cellular
differentiation. We also discuss the potential of induced
pluripotent
stem cells (iPSCs) and transdifferentiation as alternative methods
for generating stem cells.
    
  



 








  

    

      
Finally,
we discuss the translational application of dental-derived stem
cells
in regenerative medicine. We highlight the potential of these cells
for treating a diverse range of conditions such as bone defects,
spinal cord injuries, and heart disease. We also discuss the
challenges associated with clinical translation, such as regulatory
hurdles and scalability, and offer insights into strategies for
overcoming these obstacles.
    
  



 








  

    

      
In
summary, this chapter provides a comprehensive guide to dental stem
cells and their potential applications in regenerative medicine. By
understanding the unique properties of these cells and the
mechanisms
that regulate their function, researchers can develop more
effective
treatments that harness the full potential of dental-derived stem
cells.
    
  



 








  

    

      

        
CELL-FATE
COMMITMENT AND THE WADDINGTON LANDSCAPE MODEL
      
    
  



  

    

      
Conrad
Waddington's epigenetic landscape model is a fundamental concept in
developmental biology that provides insights into cellular
differentiation during development. This model explains how cells
differentiate and acquire specific functions through epigenetic
modifications, which affect the regulation of gene
expression.
    
  



 








  

    

      
In
Waddington's model, a pluripotent cell begins its journey toward
differentiation on a rugged landscape with multiple valleys and
hills. The valleys represent differentiated cell states, which are
progressively more stable as the cell becomes more specialized,
while
the hills represent unstable intermediate states between the
valleys.
As the cell differentiates, it moves down into one of the valleys
and
becomes increasingly committed to that particular cell fate.
    
  



 








  

    

      
The
epigenetic landscape model has significant implications for cell
reprogramming and transdifferentiation techniques. Cell
reprogramming
involves converting a specialized cell back to a pluripotent state,
while transdifferentiation involves converting one specialized cell
type directly into another. These techniques require manipulation
of
epigenetic regulation to reset the cell's gene expression patterns,
allowing it to adopt a new cell fate.
    
  



 








  

    

      
The
epigenetic landscape model helps to explain how epigenetic
modifications influence the process of cell differentiation and
reprogramming. For example, DNA methylation and histone
modification
are key epigenetic processes that regulate gene expression and can
be
targeted during cell reprogramming and transdifferentiation to
direct
cells towards specific cell fates.
    
  



 








  

    

      
Moreover,
recent advances in technology have allowed researchers to refine
and
expand upon the epigenetic landscape model. For example,
single-cell
transcriptomics allows for the study of gene expression at a
cellular
level and the identification of novel cell subpopulations.
Additionally, the use of CRISPR/Cas9 gene editing techniques
enables
precise manipulation of gene expression to direct cell
differentiation or transdifferentiation.
    
  



 








  

    

      
In
summary, the epigenetic landscape model introduced by Conrad
Waddington helps us to understand how cells differentiate and
acquire
specific functions during development. This model also provides a
framework for understanding cell reprogramming and
transdifferentiation techniques, which rely on the manipulation of
epigenetic modifications to reset gene expression patterns. With
advances in technology, we are continuously refining our
understanding of this model and developing novel strategies to
direct
cellular differentiation for therapeutic applications.
    
  



  

    

      
One
of the fundamental processes in development is cellular
differentiation, which refers to a cell's ability to acquire a
specialized function and develop into a particular type of cell.
One
common way to conceptualize this process is through the analogy of
hills and marbles.
    
  



 








  

    

      
In
this model, pluripotent stem cells are depicted as marbles resting
at
the top of a hill. The various paths down the hill represent
different differentiation pathways that a stem cell can follow,
with
each path leading to a distinct mature cell type at the bottom of
the
hill. The final destination of the rolling marble represents a
fully
differentiated cell with a specific set of functions.
    
  



 








  

    

      
The
hills and marbles analogy provides a useful framework for
understanding the molecular mechanisms that underlie cell
differentiation. Specifically, it highlights the crucial role
played
by epigenetic modifications such as DNA methylation and histone
modification in regulating gene expression and directing cell fate.
These modifications act as switches that turn genes on or off,
thereby influencing the differentiation pathway of a stem
cell.
    
  



 








  

    

      
Despite
being a helpful tool for conceptualizing cell differentiation, the
hills and marbles model has certain limitations. While it portrays
differentiation as a unidirectional and irreversible process,
recent
research has shown that stem cells can retain their plasticity and
"stemness" even after differentiating into a specific
mature cell type. Additionally, advances in technology have allowed
researchers to manipulate the epigenetic landscape of cells,
directing them along specific differentiation pathways or even
reprogramming mature cells back into a pluripotent state.
    
  



 








  

    

      
In
conclusion, the hills and marbles model provides a straightforward
analogy for understanding the process of cellular differentiation
in
development. However, it is important to note that stem cells can
retain their plasticity, and the unidirectional and irreversible
nature of differentiation is not always the case. By understanding
the molecular mechanisms that regulate gene expression and cell
fate,
researchers can refine and expand upon our understanding of cell
differentiation and develop novel strategies for regenerative
medicine and tissue engineering.
    
  



  

    

      
Over
the years, many studies have been conducted to identify sources of
stem cells for tissue regeneration. However, recent groundbreaking
research has shown that the concept of cell fate being
unidirectional
and irreversible is not always accurate. This realization has led
to
a shift in research trends towards reprogramming and
transdifferentiation techniques.
    
  



 








  

    

      
One
significant breakthrough in this area was the discovery of induced
pluripotent stem cells (iPSCs) and direct conversion. These methods
involve manipulating the molecular mechanisms that control gene
expression and epigenetic regulation to convert one specialized
cell
type into another. This has opened up new avenues for generating
specific cell types for use in regenerative medicine.
    
  



 








  

    

      
In
the modified model of cellular differentiation, pluripotent stem
cells act as a hub connecting with other cellular lineage paths at
the top, and the already differentiated cells at the bottom can
switch with each other outside the context of pluripotency. This
model recognizes the potential of reprogramming and
transdifferentiation techniques to bypass the limitations
associated
with conventional differentiation pathways.
    
  



 








  

    

      
Reprogramming
involves inducing a mature cell to revert to a pluripotent state,
giving it the ability to differentiate into any desired cell type.
Transdifferentiation, on the other hand, involves converting one
specialized cell directly into another without going through a
pluripotent state. These methods rely on the identification and
manipulation of key transcription factors or pharmacological agents
that regulate gene expression and epigenetic modifications.
    
  



 








  

    

      
The
ability to modulate cell fates via reprogramming and
transdifferentiation techniques has significant implications for
regenerative medicine and tissue engineering. By understanding the
molecular mechanisms that control cellular differentiation,
researchers can develop novel strategies to generate specific cell
types for therapeutic applications. This includes identifying new
sources of stem cells, utilizing reprogramming and
transdifferentiation techniques, and optimizing existing
differentiation protocols.
    
  



 








  

    

      
In
summary, recent research has challenged the traditional view of
cellular differentiation as a unidirectional and irreversible
process. The discovery of iPSCs and direct conversion has
highlighted
the potential of reprogramming and transdifferentiation techniques
for generating specific cell types for tissue regeneration. By
understanding the mechanisms regulating cell fate, researchers can
continue to develop innovative strategies to improve regenerative
medicine and tissue engineering.
    
  



 








 








  

    

      

        
DENTAL
STEM CELLS
      
    
  



  

    

      
Tissue
engineering has emerged as a promising field in dentistry for
regenerating oral tissues and replacing missing teeth using
biomaterials. In recent years, the identification of various types
of
adult stem cells in dental tissues has provided a potential source
for these applications.
    
  



 








  

    

      
Dental
tissue-derived stem cells have been identified from various
sources,
including dental pulp, periodontal ligament, dental follicle, and
gingival tissues. These stem cells have unique properties that make
them valuable resources for tissue engineering and regenerative
medicine. For example, dental pulp stem cells (DPSCs) have the
ability to differentiate into various cell types such as
odontoblasts, osteoblasts, adipocytes, and chondrocytes. Similarly,
periodontal ligament stem cells (PDLSCs) have the ability to
differentiate into cementoblasts, osteoblasts, and
fibroblasts.
    
  



 








  

    

      
The
use of dental tissue-derived stem cells in tissue engineering has
shown significant promise in the regeneration of oral tissues such
as
dentin-pulp complexes, periodontal ligaments, and alveolar bone.
Additionally, recent studies have shown the potential of using
dental
stem cells for the regeneration of craniofacial bones and neural
tissues.
    
  



 








  

    

      
One
of the advantages of using dental stem cells in tissue engineering
is
their accessibility. Dental tissues are routinely extracted during
dental procedures, which provides a non-invasive and easy-to-obtain
source of stem cells. This minimizes ethical concerns associated
with
the use of embryonic and fetal stem cells.
    
  



 








  

    

      
Furthermore,
dental stem cells can be cultured and expanded in vitro, making
them
an abundant source for tissue engineering applications. They also
exhibit low immunogenicity, reducing the risk of immune rejection
when used in transplantation and regenerative therapies.
    
  



 








  

    

      
In
conclusion, the identification of various types of adult stem cells
in dental tissues provides a promising source for tissue
engineering
and regenerative medicine in dentistry. Utilizing dental stem cells
in combination with biomaterials has shown significant promise in
the
regeneration of oral tissues and craniofacial bones. The
accessibility, abundance, and low immunogenicity of dental stem
cells
make them an attractive source for tissue engineering
applications.
    
  



 








  

    

      

        
Dental
pulp stem cells (DPSCs)
      
    
  



  

    

      
Dental
pulp is the soft connective tissue located inside the tooth that
contains nerves and blood vessels. This tissue plays an essential
role in tooth development and is responsible for maintaining the
vitality of the tooth. Recent research has identified dental pulp
as
a rich source of stem cells, which have the potential to self-renew
and differentiate into various cell types.
    
  



 








  

    

      
In
2000, human dental stem cells were first identified in the dental
pulp of third molars. These stem cells were found to have
properties
similar to those of bone marrow-derived mesenchymal stem cells
(BMSCs), which are well known for their ability to differentiate
into
various cell types. Subsequently, other studies have identified
dental pulp stem cells (DPSCs) from exfoliated deciduous teeth,
permanent teeth, and supernumerary teeth.
    
  



 








  

    

      
DPSCs
have been shown to have the potential for self-renewal and
multilineage differentiation, including the odontogenic,
osteogenic,
neurogenic, chondrogenic, and myogenic lineages. These properties
make DPSCs valuable resources for tissue engineering and
regenerative
medicine applications. In fact, DPSCs have been used successfully
to
regenerate tooth structures forming the dentin-pulp complex when
transplanted into immunocompromised mice.
    
  



 








  

    

      
DPSCs
are easily accessible and can be obtained through non-invasive
procedures such as tooth extraction or harvesting from extracted
teeth. They also exhibit low immunogenicity, making them suitable
candidates for allogeneic transplantation.
    
  



 








  

    

      
Moreover,
recent studies have shown the potential of DPSCs in treating a wide
range of diseases and conditions beyond dentistry. For example,
they
have been shown to have therapeutic potential in neurological
disorders, cardiovascular diseases, and musculoskeletal
disorders.
    
  



 








  

    

      
In
summary, dental pulp stem cells represent a promising source of
stem
cells for tissue engineering and regenerative medicine
applications.
Their ability to self-renew and differentiate into multiple cell
lineages, along with their accessibility and low immunogenicity,
make
them a valuable resource for developing novel therapies for various
diseases. The identification and characterization of DPSCs have
opened up new avenues for research and have the potential to
revolutionize the field of regenerative medicine.
    
  



  

    

      
Dental
pulp stem cells (DPSCs) are a type of mesenchymal stem cell that
originates from the embryonic neural crest cells. In development,
neural crest cells migrate from the neural tube and give rise to
multiple non-neural or neural cells, including glia and peripheral
nervous system neurons. Therefore, it is not surprising that DPSCs
express markers of neural systems.
    
  



 








  

    

      
However,
the heterogeneity of DPSCs can affect their differentiation
efficiency, leading researchers to focus on obtaining a more
homogenous population of cells. One approach has been to use early
markers of multiple MSC-like populations, such as the stromal
precursor cell surface marker (STRO-1), to purify DPSCs. However,
obtaining sufficient cell numbers using this method has proven
challenging.
    
  



 








  

    

      
Nevertheless,
researchers have made significant progress in identifying specific
surface markers that can be used to isolate homogeneous
subpopulations of DPSCs. For example, CD146 has been shown to
enrich
for highly proliferative DPSCs with the ability to differentiate
into
various cell types, including osteoblasts, chondrocytes, and
adipocytes. Similarly, CD271 has been identified as a marker for
DPSCs with enhanced osteogenic potential.
    
  



 








  

    

      
In
addition to surface markers, researchers have also explored
different
culture conditions and growth factors to promote the expansion and
differentiation of DPSCs. For instance, the use of low oxygen
tension
and hypoxia-inducible factors (HIFs) has been shown to enhance DPSC
proliferation and osteogenic differentiation.
    
  



 








  

    

      
The
ability to obtain homogeneous populations of DPSCs has significant
implications for regenerative medicine applications. For example,
homogeneous populations of DPSCs could be used to regenerate
specific
tissues, such as bone, cartilage, and neural tissue. Additionally,
DPSCs can also be utilized in drug discovery and disease modeling
applications.
    
  



 








  

    

      
In
conclusion, DPSCs originate from the embryonic neural crest cells
and
express markers of neural systems. However, their heterogeneity can
affect differentiation efficiency, leading researchers to focus on
obtaining homogeneous subpopulations of cells using specific
surface
markers and culture conditions. By doing so, researchers can
develop
novel therapies for regenerative medicine applications and advance
our understanding of various diseases.
    
  



  

    

      
Dental
pulp stem cells (DPSCs) have shown great potential as a promising
candidate for stem cell therapy due to their unique
characteristics.
Unlike embryonic stem cells (ESCs) and induced pluripotent stem
cells
(iPSCs), DPSCs express pluripotency markers such as SOX2, MYC, and
OCT4, but do not form tumors when transplanted [14, 21]. This
characteristic makes DPSCs an attractive option for stem cell
therapy
applications, especially in treating neurological diseases such as
stroke, owing to their neural crest origin.
    
  



 








  

    

      
Recent
research has shown that DPSCs can be reprogrammed into iPSCs and
then
differentiated into various cell types, including neural stem cells
(NSCs). The neurosphere culture method has been utilized to
differentiate DPSCs into NSCs with potential use in regenerative
medicine. These NSCs could be further manipulated and
differentiated
into specific neuronal cell types, such as dopaminergic neurons,
providing an innovative treatment option for Parkinson's
disease.
    
  



 








  

    

      
In
addition, DPSCs have also been differentiated into functional
neurons
in vitro via a two-stage protocol that involves stimulating
neurosphere formation followed by neuronal maturation [23]. These
neurons showed electrophysiological properties, indicating that
they
may be capable of integrating and functioning within a host
tissue.
    
  



 








  

    

      
Moreover,
DPSCs have been shown to secrete neurotrophic factors, which can
promote the survival of neurons and support their growth and
function. Hence, DPSCs are being investigated as a treatment option
for various neurological disorders such as Alzheimer's disease,
spinal cord injury, and multiple sclerosis.
    
  



 








  

    

      
Overall,
the unique characteristics of DPSCs, including their origin from
the
neural crest, expression of pluripotency markers, and ability to
differentiate into various cell types, make them a promising
candidate for stem cell therapy in the field of regenerative
medicine. Further research is needed to explore the full potential
of
DPSCs in treating various diseases and disorders, but the results
so
far indicate that they may hold significant promise for future
treatments.
    
  



  

    

      
The
neurosphere culture technique has emerged as a powerful tool for
maintaining the properties of neural crest cells and expanding them
in vitro. This technique was first demonstrated by Pisciotta et al.
[22], who reported the prolonged expansion of neurospheres derived
from dental pulp stem cells (DPSCs) while maintaining their neural
crest properties. Moreover, when these DPSC-derived neurospheres
were
injected into an embryonic model, they followed the migratory
pathway
of cranial neural crest cells and differentiated into neuronal
cells
[24].
    
  



 








  

    

      
Although
the neurosphere system has shown some promise for prolonged culture
of DPSCs, recent research suggests that transdifferentiation to
neural stem cells (NSCs) may be a more efficient method due to
DPSCs'
origin from the neural crest. Researchers have utilized various
growth factors and signaling molecules to induce
transdifferentiation
of DPSCs into NSCs, which can then differentiate into specific
neural
cell types, such as dopaminergic neurons.
    
  



 








  

    

      
In
addition to neuronal differentiation, DPSCs have also been shown to
differentiate into other cell types. For example, Govindasamy et
al.
demonstrated the successful differentiation of DPSCs into
pancreatic
islet-like cells using a 3-step protocol involving activin A,
sodium
butyrate, b-mercaptoethanol, taurine, glucagon-like peptide-1,
nicotinamide, and non-essential amino acids [25]. These cells
expressed markers of pancreatic beta cells, including C-peptide,
Pdx-1, Pax4, Pax6, Ngn3, and Isl-1, and demonstrated
glucose-dependent release of insulin and C-peptide, confirming
their
functionality.
    
  



 








  

    

      
The
ability of DPSCs to differentiate into multiple cell types makes
them
excellent candidates for regenerative medicine applications. The
potential to generate functional cells from DPSCs could
revolutionize
the treatment of various diseases and disorders, particularly those
related to the nervous and endocrine systems. However, further
research is needed to optimize the differentiation protocols and to
study the long-term safety and effectiveness of these cells in
vivo.
    
  



 








 








  

    

      

        
Periodontal
ligament stem cells (PDLSCs)
      
    
  



  

    

      
The
periodontal ligament (PDL) is a specialized connective tissue that
surrounds and supports teeth by anchoring them to the alveolar
bone.
In 2004, PDL stem cells (PDLSCs) were successfully isolated from
impacted third molars, and their differentiation into
cementoblast-like and collagen-forming cells demonstrated their
multipotency [26]. However, the differential potential of PDLSCs
remains controversial, with various subsequent studies reporting
variations in the differentiation potential of these cells based on
donor age, tissue origin, tooth condition, and culture method
[27].
    
  



 








  

    

      
Despite
this controversy, recent research has shown that PDLSCs hold great
potential for regenerative medicine applications. For example, Lee
et
al. demonstrated the transdifferentiation of PDLSCs into functional
pancreatic islet-like clusters using three-dimensional cell
clustering on Matrigel. This study suggested that PDLSCs have
latent
differentiation potential beyond mesenchymal lineages, highlighting
their broad applicability in the field of regenerative
medicine.
    
  



 








  

    

      
Furthermore,
PDLSCs have been shown to differentiate into retinal ganglion-like
cells via transdifferentiation. Ng et al. identified the
transdifferentiation process of PDLSCs through a modified protocol
of
Noggin-Dkk1-IGF1 induction and determined the miRNA signature of
the
process. The transdifferentiated retinal ganglion-like cells showed
functional characteristics such as expressing retinal ganglion cell
markers, including MAP2, TAU, POU4F2, ATOH7, and SIX3, and forming
synapses that induced electrical activities. Additionally, the
upregulation of VEGF, PTEN, and miR-132 during the process further
confirmed the functionality of the transdifferentiated cells
[29].
    
  



 








  

    

      
Similarly,
several studies have revealed that PDLSCs can differentiate into
other functional cells. For instance, PDLSCs have been induced to
differentiate into cardiomyocyte-like cells, chondrocytes, and
adipocytes. Genetic and epigenetic factors play crucial roles in
the
process of transdifferentiation, and researchers are actively
studying these mechanisms to optimize and refine differentiation
protocols.
    
  



 








  

    

      
In
conclusion, PDLSCs represent a promising source of stem cells for
regenerative medicine applications. The broad differentiation
potential of these cells and their ability to transdifferentiate
into
other functional cells suggest that they hold significant promise
for
future therapies. Ongoing research into PDLSCs will likely continue
to reveal new and exciting possibilities for their use in treating
various diseases and disorders.
    
  



 








  

    

      

        
Stem
cells from human exfoliated deciduous teeth (SHEDs)
      
    
  



  

    

      
Deciduous
teeth, also known as baby teeth or milk teeth, are naturally shed
during the eruption of permanent teeth. Typically, these exfoliated
deciduous teeth are disposed of and not considered a valuable
source
for medical research. However, recent studies have shown that cells
obtained from these teeth can differentiate into various useful
cells
with few ethical concerns.
    
  



 








  

    

      
Stem
cells from human exfoliated deciduous teeth (SHEDs) were first
identified by Miura et al. in 2003 [11]. Since then, SHEDs have
garnered significant attention as a promising stem cell source for
regenerative medicine due to their high multipotency and
proliferative capacities [30]. These cells have been shown to have
multilineage differentiation potential, with the ability to
differentiate into various cell types such as osteoblasts,
adipocytes, chondrocytes, and neural-like cells [31].
    
  



 








  

    

      
Interestingly,
SHEDs have a unique property of inducing the formation of a
bone-like
matrix with a lamellar structure. This property is due to root
resorption of deciduous teeth, which occurs as a result of new bone
formation around the root [32]. Moreover, the neural-like cells
derived from SHEDs have been shown to produce neurotrophic factors
such as BDNF, NGF, NT-3, and NT-4 [33]. These neurotrophic factors
promote the survival, growth, and function of neurons, making them
an
attractive option for treating neurological disorders.
    
  



 








  

    

      
In
addition to their differentiation potential, SHEDs have other
advantages over other stem cell sources. For example, they are
easily
accessible, and their collection does not require invasive
procedures. Moreover, SHEDs possess fewer ethical concerns compared
to embryonic stem cells.
    
  



 








  

    

      
Overall,
SHEDs represent a valuable and promising stem cell source for
regenerative medicine. The multilineage differentiation potential
of
these cells, combined with their unique properties and non-invasive
collection methods, make them a desirable option for various
applications in the field of regenerative medicine. Ongoing
research
into SHEDs will likely continue to reveal new and exciting
possibilities for their use in treating various diseases and
disorders.
    
  



 








  

    

      

        
Tooth
germ stem cells (TGSCs)
      
    
  



  

    

      
Tooth
germ stem cells (TGSCs) have gained increasing attention as a
potential cell source for tooth regeneration due to their high
differentiation potential into various cell types. Tooth
morphogenesis is a complex process that involves the interaction
between mesenchymal cells and endothelial and epithelial cells.
Therefore, the generation of mesenchymal cells with endothelial and
epithelial cells is crucial for successful tooth
regeneration.
    
  



 








  

    

      
Recent
research has shown that TGSCs hold great promise as a cell source
for
tooth regeneration. Dogan et al. demonstrated that human TGSCs
could
differentiate into endothelial and epithelial-like cells expressing
specific cell lineage markers [34]. The differentiated cells
expressed markers for endothelial cells, such as von Willebrand
factor (vWF), VE-cadherin, CD31, and VEGFR2, indicating their
potential to form blood vessels. Moreover, they expressed markers
for
epithelial cells, including vimentin, epithelial cell adhesion
molecule (EpCaM), and cytokeratin, suggesting their potential to
form
the basal and suprabasal layers of the enamel organ.
    
  



 








  

    

      
The
ability of TGSCs to differentiate into endothelial and
epithelial-like cells represents a significant breakthrough in the
field of regenerative dentistry. These cells hold tremendous
potential for regenerating damaged or missing dental tissues,
including the enamel, dentin, and pulp. Moreover, the ability to
differentiate into functional endothelial cells opens up new
avenues
for vascularizing regenerated tissues, promoting their survival and
integration within the host tissue.
    
  



 








  

    

      
Further
research is needed to optimize the differentiation protocols and
study the long-term safety and effectiveness of these cells in
vivo.
However, the results so far indicate that TGSCs hold significant
promise as a cell source for tooth regeneration and provide a
viable
alternative to traditional approaches. The development of novel
strategies utilizing TGSCs could revolutionize the treatment of
dental diseases and disorders, offering patients a more effective
and
efficient means of restoring damaged or missing teeth.
    
  



 








 








  

    

      

        
Dental
follicle stem cells (DFSCs)
      
    
  



  

    

      
Stem
cells are present in various developing dental tissues, including
the
dental follicle, apical papilla, and tooth germ. The dental
follicle
is a developing dental sac that contains loose connective dental
tissue. Dental follicle stem cells (DFSCs) were first isolated in
2005 [35], and since then, various studies have reported their
multipotent nature, demonstrated by their ability to differentiate
into various types of cells [36,37].
    
  



 








  

    

      
In
addition to their differentiation potential, DFSCs have also been
shown to possess regenerative properties. In vivo transplantation
of
DFSCs into mice has resulted in the formation of new periodontal
ligament (PDL) tissue [38], salivary gland-like cells [39], and
tooth-root-like tissues [40]. These findings highlight the
potential
of DFSCs for use in regenerative dentistry.
    
  



 








  

    

      
Moreover,
recent research has shown that DFSCs exert an immunosuppressive
function on both innate and adaptive immune systems. These cells
have
been applied for the treatment of inflammatory diseases in animal
models, such as rheumatoid arthritis and colitis [41]. The
immunomodulatory properties of DFSCs make them attractive
candidates
for treating various autoimmune and inflammatory disorders.
    
  



 








  

    

      
The
potential uses of DFSCs extend beyond regenerative medicine and
immunomodulation. Recent research has explored their potential in
drug discovery, specifically for screening novel compounds that
target dental diseases. DFSCs may serve as a valuable tool for
identifying drugs that promote the regeneration of damaged or lost
dental tissues.
    
  



 








  

    

      
In
conclusion, DFSCs represent a promising cell source for
regenerative
dentistry, with their multipotency and regenerative properties
making
them attractive candidates for restoring and repairing damaged or
lost dental tissues. Moreover, their immunomodulatory properties
offer potential applications in treating various autoimmune and
inflammatory disorders. Ongoing research into DFSCs will continue
to
reveal new and exciting possibilities for their use in treating
dental diseases and disorders.
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Stem
cells from the apical papilla (SCAPs)
      
    
  



  

    

      
Stem
cells from the apical papilla (SCAPs) are a type of dental stem
cell
that originates from the precursor cells of the dental pulp. These
cells can be isolated from the wisdom tooth or the open apex of a
developing tooth. SCAPs were first isolated in 2006 from the apical
papilla of incompletely developed teeth [42]. Since then, a growing
body of research has demonstrated their potential for regenerative
dentistry.
    
  



 








  

    

      
SCAPs
have been shown to possess high levels of stemness and
differentiation potential, specifically for tooth formation. In
vitro
and in vivo studies have demonstrated that SCAPs can differentiate
into osteoblasts and odontoblasts, which are essential for the
formation and repair of teeth [43]. The ability of SCAPs to
differentiate into these specialized cell types makes them a
valuable
resource for regenerating damaged or lost dental tissues.
    
  



 








  

    

      
Various
growth factors have been shown to promote the osteogenic and
odontogenic differentiation of SCAPs. For instance, bone
morphogenetic protein (BMP), WNT, and insulin-like growth factor
(IGF) have been demonstrated to enhance SCAP differentiation
[44-46].
Conversely, sonic hedgehog, homeobox C10, and microRNA hsa-let-7b
have been shown to inhibit SCAP differentiation [47-49].
    
  



 








  

    

      
The
ability of SCAPs to differentiate into osteoblasts and
odontoblasts,
combined with their responsiveness to various growth factors and
signaling pathways, make them valuable candidates for use in
regenerative dentistry. Ongoing research is exploring the potential
of SCAPs for treating various dental diseases and disorders, such
as
periodontitis, pulpitis, and dentin hypersensitivity.
    
  



 








  

    

      
In
conclusion, SCAPs represent a promising cell source for
regenerative
dentistry due to their high stemness and differentiation potential.
Their ability to differentiate into osteoblasts and odontoblasts,
as
well as their responsiveness to various growth factors and
signaling
pathways, make them an attractive option for restoring damaged or
lost dental tissues. Further research into SCAPs will likely
continue
to reveal new and exciting possibilities for their use in treating
dental diseases and disorders.
    
  



 








  

    

      

        
Oral
mucosa derived stem cells (OMSCs)
      
    
  



  

    

      
The
oral mucosa is a complex tissue that comprises the epithelium,
connective tissue (including the lamina propria), and submucosa.
Due
to the ease of obtaining tissue samples from oral surgical sites or
discarded samples, oral mucosal stem cells (OMSCs) have become a
focus of stem cell research. Various types of stem cells have been
identified in the oral mucosa, including OMSCs, oral epithelial
stem
cells (OESCs), and gingiva-derived MSCs (GMSCs).
    
  



 








  

    

      
OMSCs
are isolated from the gingiva's lamina propria and possess the
ability to differentiate into other lineage cells [50]. These cells
hold great promise as a potential source for regenerative medicine,
with their ability to differentiate into various cell types making
them a valuable resource for repairing damaged or lost
tissues.
    
  



 








  

    

      
OESCs
are a small subpopulation of cells isolated from oral
keratinocytes.
Despite their small numbers, these cells have the ability to
regenerate the oral mucosa and possess an enriched quiescent cell
population and long-term proliferative potential [51]. OESCs may
play
a crucial role in maintaining the integrity and function of the
oral
mucosa.
    
  



 








  

    

      
GMSCs
are derived from the gingiva and exhibit multipotency, high
proliferation, and self-renewal capacity [52]. These cells hold
great
promise for use in regenerative medicine due to their ability to
differentiate into various cell types, such as osteoblasts,
adipocytes, and chondrocytes. Moreover, their high proliferation
and
self-renewal capacity make them attractive candidates for
large-scale
expansion and production of therapeutic cells.
    
  



 








  

    

      
Overall,
the identification and characterization of various stem cells from
the oral mucosa offer promising possibilities for regenerative
medicine. OMSCs, OESCs, and GMSCs each possess unique properties
and
differentiation potentials, making them valuable resources for
repairing damaged or lost tissues. Ongoing research into the
potential of these stem cells will undoubtedly reveal new and
exciting applications for their use in treating various diseases
and
disorders.
    
  



 








 








  

    

      

        
BMSCs
      
    
  



 








  

    

      
The
bone marrow is a semi-solid tissue located inside the cancellous
bone, which plays a vital role in hematopoiesis - the production of
blood cells including red blood cells, platelets, and white blood
cells. In recent years, researchers have discovered that the bone
marrow contains a population of stem cells called bone
marrow-derived
mesenchymal stem cells (BMSCs), which hold great promise for
regenerative medicine.
    
  



 








  

    

      
BMSCs
are found in dental tissue and can be obtained from the orofacial
bones [53,54]. These cells are typically collected from the maxilla
or mandible through aspiration during various surgical procedures,
such as tooth extraction, dental implant surgery, cyst enucleation,
and orthognathic surgery [55]. Interestingly, studies have shown
that
the age of the donor does not significantly impact the regenerative
potential of BMSCs.
    
  



 








  

    

      
Preclinical
and clinical studies have demonstrated that orofacial-derived bone
grafts exhibit excellent regenerative properties compared with
ex-orofacial grafts, such as those derived from the rib or iliac
crest [56-58]. This highlights the potential of utilizing BMSCs for
regenerating damaged or lost tissues in the orofacial
region.
    
  



 








  

    

      
Moreover,
recent research has revealed that fully differentiated cells from
human BMSCs possess remarkable plasticity, capable of
transdifferentiation or dedifferentiation into cells of another
developmental lineage at the single-cell level. For instance,
osteoblasts from BMSCs were able to transdifferentiate into
adipocytes and chondrocytes, while fully differentiated adipocytes
and chondrocytes from BMSCs could transdifferentiate into other
mesenchymal lineages [59]. These findings suggest that BMSCs may
represent a valuable source for generating various types of cells
for
use in regenerative medicine.
    
  



 








  

    

      
In
conclusion, BMSCs offer considerable potential for regenerative
dentistry due to their ability to differentiate into various cell
types and their remarkable plasticity. Their collection from
orofacial bones during routine dental procedures makes them a
readily
available resource for therapeutic applications. Ongoing research
into the potential of BMSCs will undoubtedly reveal new and
exciting
possibilities for their use in treating various dental diseases and
disorders.
    
  



  

    

      
In
recent years, dental stem cells have emerged as a promising source
for regenerative medicine, particularly for repairing or replacing
damaged or lost dental tissues. Of the various dental stem cell
types, dental pulp stem cells (DPSCs) and periodontal ligament stem
cells (PDLSCs) have been the most frequently targeted in previous
studies. Although stem cells from human exfoliated deciduous teeth
(SHEDs) possess high stemness, they are often not isolated and
stored
beyond childhood.
    
  



 








  

    

      
Despite
having a lower potential for proliferation than SHEDs, DPSCs and
PDLSCs are obtained relatively easily from teeth selected for
extraction or endodontic treatment, and exhibit high
differentiation
potential [60]. Additionally, oral mucosal stem cells (OMSCs) have
received extensive attention due to their convenient procurement,
although their stemness is lower compared to other cell
types.
    
  



 








  

    

      
Numerous
in vitro and pre-clinical studies, as well as clinical trials, have
demonstrated promising results regarding the use of dental stem
cells
for tissue engineering [61-72]. However, before these cells can be
used clinically, it is necessary to define their differentiation
capacity using validated in vitro and in vivo transplantation
assays.
Further research will be needed to establish a strategy for the
clinical application of dental stem cells.
    
  



 








  

    

      
Recently,
several studies have utilized new technologies to obtain desired
cells rather than stem cells. For example, induced pluripotent stem
cells (iPSCs) generated from dental cells may enable the production
of a virtually endless supply of patient-specific cells for use in
regenerative therapies. Furthermore, gene editing technologies such
as CRISPR/Cas9 offer exciting possibilities for modifying specific
genes in dental cells and investigating their effects on
differentiation and tissue regeneration.
    
  



 








  

    

      
In
conclusion, dental stem cells hold great promise for regenerative
dentistry, with DPSCs and PDLSCs being the most commonly targeted
cell types in previous studies. OMSCs also offer a convenient
source
for procurement, although their stemness is lower compared to other
cell types. While promising results have been demonstrated in
numerous in vitro and pre-clinical studies, further research will
be
necessary to establish a strategy for clinical use. Recent advances
in gene editing and iPSC technologies offer exciting possibilities
for modifying dental cells and exploring their potential for
regenerative therapies.
    
  



 








  

    

      

        
CELL
REPROGRAMMING
      
    
  



  

    

      
In
recent years, considerable efforts have been devoted to obtaining
adult stem cells for use in regenerative medicine. Advances in
genetic engineering have shown promising potential for cell
reprogramming, expanding the range of possible sources for stem
cells
beyond traditional sources such as bone marrow and peripheral
blood.
    
  



 








  

    

      
While
somatic cells were previously thought to be permanently
differentiated, it is now known that they possess the potential for
reprogramming into pluripotent stem cells or direct conversion into
another cell type. This has opened up a whole new range of
possibilities for tissue regeneration using non-traditional cell
sources.
    
  



 








  

    

      
Pluripotent
stem cells, such as induced pluripotent stem cells (iPSCs), are
generated by reprogramming somatic cells back to an embryonic-like
state, with the ability to differentiate into any cell type in the
body. The ability to generate iPSCs from a patient's own cells
provides a unique opportunity for personalized regenerative
therapies, as these cells can be used to repair or replace damaged
tissues without the risk of immune rejection.
    
  



 








  

    

      
Direct
conversion, also known as lineage reprogramming, involves the
direct
conversion of one somatic cell type into another without going
through a pluripotent intermediate state. This approach holds
promise
for generating specific cell types for use in tissue regeneration
without the need for extensive culture and differentiation
protocols.
    
  



 








  

    

      
Moreover,
advances in gene editing technologies such as CRISPR/Cas9 have
enabled precise modifications to be made to somatic cells, allowing
for targeted manipulation of specific genes and pathways involved
in
cellular differentiation and function.
    
  



 








  

    

      
In
conclusion, while traditional sources of stem cells such as bone
marrow and peripheral blood remain important, recent advances in
genetic engineering and cell reprogramming have expanded the range
of
possible sources for stem cells. Somatic cells can be reprogrammed
into pluripotent stem cells or directly converted into other cell
types, opening up new possibilities for personalized regenerative
therapies. Furthermore, gene editing technologies offer exciting
possibilities for targeted manipulation of specific genes and
pathways involved in cellular differentiation and function.
    
  



 








 








  

    

      

        
iPSCs
      
    
  



  

    

      
Induced
pluripotent stem cells (iPSCs) have revolutionized the field of
regenerative medicine since their discovery by Dr. Shinya Yamanaka
in
2006. Dr. Yamanaka showed that mouse skin fibroblasts could be
reprogrammed into a pluripotent stem cell state using defined
factors, namely Oct3/4, Sox2, Klf4, and c-Myc, which became known
as
the Yamanaka factors [73]. In 2007, human iPSCs were produced by
Yamanaka's and Thomson's labs from human fibroblast cells
[73,74].
    
  



 








  

    

      
The
basis of iPSCs is that dedifferentiation is induced in adult
somatic
cells to a pluripotent stem cell state, after which the cells can
be
redifferentiated into the desired cell lineages. With their great
potential for clinical application, this research program has
expanded the scope of regenerative medicine and supported
personalized medicine using individual cells. iPSCs can be
generated
from various adult somatic cell types, including those derived from
the oral cavity.
    
  



 








  

    

      
In
dentistry, iPSCs have been efficiently generated from gingival
fibroblasts, mucosal fibroblasts, and various oral stem/progenitor
cells, including those from the periodontal ligament (PDL) and
deciduous teeth. These iPSCs offer exciting possibilities for
regenerative dentistry, with their ability to differentiate into
various dental cell types such as odontoblasts, ameloblasts, and
cementoblasts. Moreover, their generation from patient-derived
cells
enables the production of personalized cell therapy, reducing the
risk of immune rejection and increasing therapeutic
efficacy.
    
  



 








  

    

      
Despite
their promise, challenges still exist in the utilization of iPSCs
in
clinical applications, including issues with safety and
scalability.
However, ongoing research is focused on addressing these challenges
and realizing the full potential of iPSCs for regenerative
medicine.
    
  



 








  

    

      
In
conclusion, iPSCs have revolutionized the field of regenerative
medicine since their discovery in 2006. With their great potential
for clinical applications, these cells have expanded the scope of
regenerative medicine and supported personalized medicine using
individual cells. In dentistry, iPSCs offer exciting possibilities
for generating patient-specific dental cells for use in
regenerative
therapies. Ongoing research is necessary to address challenges and
enable the full realization of the therapeutic potential of
iPSCs.
    
  



  

    

      
Reprogramming
dental stem/progenitor cells into iPSCs has been achieved using
various factors, including c-Myc/Klf4/Oct4/Sox2 or
Lin28/Nanog/Oct4/Sox2 [75]. Dental pulp cells obtained from
extracted
teeth and oral mucosa fibroblasts obtained from biopsy have shown
effective establishment of iPSCs [76,77]. Remarkably, dental
tissue-derived cells exhibit a high reprogramming efficiency [78],
with the differentiation of iPSCs into ameloblasts and odontogenic
mesenchymal cells indicating the possibility of tooth regeneration
[79].
    
  



 








  

    

      
This
revolutionary discovery has made it possible to obtain pluripotent
stem cells as an alternative to embryonic stem cells (ESCs),
overcoming ethical concerns associated with the latter and
providing
a novel method of dedifferentiation. Importantly, cell
reprogramming
technology for producing iPSCs has provided the potential for
tissue
regeneration for clinical use, with several studies demonstrating
the
differentiation of iPSCs into various functional cells and the
therapeutic effects of delivered iPSCs in animal disease models
[80-91].
    
  



 








  

    

      
The
generation of iPSCs from dental stem/progenitor cells offers
significant potential for regenerative dentistry. These cells can
differentiate into various dental cell types, such as odontoblasts
and cementoblasts, making them ideal candidates for repairing or
replacing damaged dental tissues. Moreover, their derivation from
patient-derived cells enables personalized cell therapy, reducing
the
risk of immune rejection and increasing therapeutic
efficacy.
    
  



 








  

    

      
In
addition to their potential for dental applications, iPSCs hold
enormous promise for a range of other medical conditions. Their
ability to differentiate into various functional cell types makes
them attractive candidates for treating degenerative diseases like
Parkinson's and Alzheimer's, while their potential for generating
patient-specific cells offers the prospect of personalized
medicine.
    
  



 








  

    

      
In
conclusion, the reprogramming of dental stem/progenitor cells into
iPSCs has opened up exciting possibilities for regenerative
dentistry
and medicine. Dental tissue-derived cells are particularly
attractive
candidates for cell reprogramming, given their high efficiency in
generating iPSCs. The potential of iPSCs for treating a range of
diseases, coupled with their ability to generate patient-specific
cells, underscores the importance of continued research in this
area.
    
  



  

    

      
Despite
the considerable scientific evidence supporting the use of
dental-derived cells for iPSC generation, several challenges remain
to be addressed. The foremost issue in clinical applications of
iPSCs
is the risk of carcinogenesis, as the Yamanaka factors used for
reprogramming are protooncogenes that are highly expressed in
cancers. Incomplete differentiation and reactivation of these
factors
also contribute to the risk of carcinogenesis [92].
    
  



 








  

    

      
In
addition, further research is necessary to better understand the
characteristics and capabilities of iPSCs. Not all iPSCs are
equivalent, and their regenerative capacity may vary depending on
the
cell type from which they were derived. Studies have shown that
iPSCs
retain an epigenetic memory of their previous tissue types, which
can
affect their reprogramming potential [93]. For instance, iPSCs
generated from blood cells readily transform into hematopoietic
colonies, while those from skin fibroblasts form osteogenic
colonies
more readily. These findings suggest that specific features can be
acquired during reprogramming or that remnants of the epigenetic
pattern and sequential gene expression remain from the donor
tissue.
These residual signatures of epigenetic factors and transcription
of
the origin cells are referred to as epigenetic memory [93].
    
  



 








  

    

      
Therefore,
the successful formation of iPSCs through reprogramming requires
the
adjustment of the epigenetic landscape to change the epigenetic
state. This involves modifying the epigenetic profile of the target
cells to resemble that of ESCs, which have a stable and dynamic
epigenetic state. A better understanding of the underlying
mechanisms
of epigenetic regulation in reprogramming will be crucial for
enhancing the efficiency and safety of iPSC generation.
    
  



 








  

    

      
Furthermore,
emerging technologies such as CRISPR/Cas9 offer exciting
possibilities for precisely controlling gene expression and
manipulating the epigenetic landscape, providing a novel approach
to
overcome the challenges associated with iPSC generation. By
selectively targeting specific genes and modifying their
expression,
CRISPR/Cas9 can enable the production of iPSCs with improved
differentiation potential or reduced risk of carcinogenesis.
    
  



 








  

    

      
In
conclusion, while dental-derived cells have shown significant
promise
for generating iPSCs, several challenges remain to be overcome. The
risk of carcinogenesis and the epigenetic memory of donor tissues
are
among the most significant issues that need to be addressed.
Emerging
technologies such as CRISPR/Cas9 offer exciting possibilities for
overcoming these challenges and advancing the field of regenerative
medicine. Continued research is necessary to optimize iPSC
generation
and realize their full potential for clinical applications.
    
  



 








  

    

      

        
Epigenetics
and epigenetic memory
      
    
  



  

    

      
Epigenetic
memory refers to the inherited modifications of chromatin, such as
DNA methylation and histone modification, which can alter gene
expression and affect the phenotypes and properties of cells [94].
This inherited memory could be derived from ancestor cells or
modified by environmental factors [95]. Although genetics plays a
crucial role in cellular development and physiology, epigenetics
plays an equally essential role in the regulation of gene
expression.
Epigenetic changes can occur during different stages of development
and contribute to cell differentiation, tissue-specific gene
expression, and the maintenance of cellular identity.
    
  



 








  

    

      
DNA
methylation is one of the most well-known epigenetic modifications
that affects gene expression. It involves the addition of a methyl
group to a cytosine residue, usually located in the promoter region
of a gene, which can repress transcriptional activity. Histone
modification is another common type of epigenetic change, which
involves the addition or removal of acetyl, methyl, or phosphate
groups to histone proteins, thereby affecting their interaction
with
genomic DNA [96]. The production of non-coding RNAs, such as
microRNAs and long non-coding RNAs, is also an important epigenetic
mechanism that regulates gene expression by directly targeting mRNA
molecules or modulating chromatin structure [97].
    
  



 








  

    

      
Epigenetic
changes can be influenced by various environmental factors,
including
diet, stress, and exposure to toxins, and they can have a
significant
impact on health outcomes. For example, studies have shown that
certain dietary components, such as folate and other B vitamins,
can
affect DNA methylation patterns, potentially influencing the risk
of
chronic diseases such as cancer and cardiovascular disease [98].
Similarly, exposure to environmental toxins such as bisphenol A
(BPA)
has been linked to changes in DNA methylation and histone
modification patterns, which may increase the risk of reproductive
disorders and other adverse health effects [99].
    
  



 








  

    

      
In
conclusion, epigenetics plays a critical role in the regulation of
gene expression, affecting cellular differentiation,
tissue-specific
gene expression, and the maintenance of cellular identity.
Epigenetic
memory is inherited from ancestor cells and can be modified by
environmental factors, influencing health outcomes and disease
risk.
Understanding the mechanisms underlying epigenetic regulation is
essential for advancing our knowledge of cellular development and
physiology and developing novel therapies for various
diseases.
    
  



  

    

      
DNA
methylation is a fundamental epigenetic modification that plays a
vital role in the regulation of gene expression and cellular
differentiation. It mostly occurs at the C-5 position on the
cytosine
residue in CpG dinucleotides, where a methyl group is added by DNA
methyltransferases [97]. This addition of a methyl group can change
the chromatin structure, leading to the silencing or repression of
gene expression [100].
    
  



 








  

    

      
In
contrast, DNA demethylation involves the removal of a methyl group
from 5-methylcytosine (5mC) by DNA glycosylase or deaminase. This
action can restore the open chromatin structure and activate gene
expression [101]. The process of DNA demethylation is essential for
cellular development and differentiation, as it allows for the
expression of genes required for specific cellular
functions.
    
  



 








  

    

      
DNA
methylation patterns are established during embryonic development
and
maintained throughout the lifespan of an organism. However, they
can
also be influenced by environmental factors, including diet,
exposure
to toxins, and stress. For instance, studies have shown that
maternal
diet during pregnancy can affect DNA methylation patterns in
offspring, potentially influencing their health outcomes later in
life [102]. Additionally, chronic exposure to environmental toxins
such as lead and arsenic has been linked to changes in DNA
methylation patterns, which may increase the risk of various
diseases, including cancer [103].
    
  



 








  

    

      
The
interplay between DNA methylation and other epigenetic components,
such as histone modification and non-coding RNAs, plays a crucial
role in regulating gene expression. Together, these epigenetic
mechanisms form a complex network that controls cellular functions
and responses to different stimuli.
    
  



 








  

    

      
In
conclusion, DNA methylation is a crucial epigenetic modification
that
regulates gene expression and cellular differentiation. It is
responsible for inducing changes in the chromatin structure,
turning
gene expression on or off. Understanding the mechanisms underlying
DNA methylation and demethylation is essential for advancing our
knowledge of cellular development and physiology and developing
novel
therapies for various diseases. Environmental factors can influence
DNA methylation patterns, emphasizing the importance of a healthy
lifestyle in maintaining good health outcomes.
    
  



  

    

      
Histones
are a family of highly conserved proteins that play a fundamental
role in the regulation of gene expression and chromatin structure.
They associate with each other to form the core of nucleosomes,
around which DNA is wrapped and compacted [98]. Post-translational
modifications (PTMs) of histones, such as acetylation, methylation,
ubiquitylation, phosphorylation, and sumoylation, modulate
chromatin
structure and regulate diverse biological processes, including
transcriptional activation and repression.
    
  



 








  

    

      
Acetylation
and methylation are two of the most extensively studied PTMs of
histones, and they are tightly involved in chromatin dynamics. The
addition of an acetyl group to specific lysine residues on histone
tails by histone acetyltransferases (HATs) neutralizes their
positive
charge, leading to an open chromatin structure and enhanced gene
expression. In contrast, the removal of acetyl groups by histone
deacetylases (HDACs) results in a closed chromatin conformation and
transcriptional repression. Methylation, on the other hand, occurs
at
certain lysine and arginine residues catalyzed by histone
methyltransferases (HMTs) and can either activate or repress gene
expression, depending on the specific residue being modified and
the
degree of methylation [104].
    
  



 








  

    

      
The
patterns of histone modifications can vary greatly depending on
cell
type, developmental stage, and environmental factors. For example,
exposure to toxins or stress can induce changes in histone
modification patterns, which may contribute to the development of
various diseases, including cancer and neurodegenerative disorders
[105]. Furthermore, recent studies have shown that inherited
epigenetic modifications of histones can also contribute to disease
risk and phenotypic variation in offspring [106].
    
  



 








  

    

      
In
conclusion, histone modifications are essential epigenetic
mechanisms
that regulate chromatin structure and gene expression. Acetylation
and methylation are two of the most well-known histone PTMs that
are
tightly involved in chromatin dynamics, catalyzed by HATs, HDACs,
and
HMTs. The patterns of histone modifications can be influenced by
various environmental factors, and their dysregulation has been
linked to the development of numerous diseases. A better
understanding of the mechanisms underlying histone modifications
will
be critical for developing novel therapies for these
conditions.
    
  



  

    

      
Non-coding
RNAs (ncRNAs) are a diverse group of RNA molecules that do not
encode
functional proteins but play essential roles in the regulation of
gene expression at the post-transcriptional level. There are two
main
categories of ncRNAs: short-chain ncRNAs, which include microRNA
(miRNA), small-interfering RNA, and piwi-interacting RNA, and long
non-coding RNAs (lncRNAs) [99]. In recent years, ncRNAs have
emerged
as key regulators of various cellular processes, including cell
differentiation, proliferation, and apoptosis.
    
  



 








  

    

      
The
mechanisms by which ncRNAs regulate gene expression are diverse and
complex. For example, miRNAs can bind to complementary sequences in
the 3' untranslated region (UTR) of target messenger RNAs (mRNAs),
leading to their degradation or translational repression.
Similarly,
lncRNAs can interact with chromatin-modifying enzymes and
transcription factors, modulating chromatin structure and gene
expression [107].
    
  



 








  

    

      
Epigenetic
changes are among the factors that can influence ncRNA-mediated
regulation of gene expression. Epigenetics has emerged as an active
research field aimed at elucidating the mechanisms underlying
alterations in gene expression without changes in the DNA sequence.
Environmental factors such as diet, exposure to pollutants, and
social interactions can induce epigenetic changes that affect
susceptibility to diseases, response to treatment, and prognosis
[100]. Moreover, long-term medication use and nutrient intake can
also contribute to epigenetic changes, highlighting the importance
of
a healthy lifestyle in maintaining good health outcomes.
    
  



 








  

    

      
Recent
studies have shown that dysregulation of ncRNAs can contribute to
the
development and progression of various diseases, including cancer,
cardiovascular disease, and neurodegenerative disorders [108].
Several ncRNA-based therapies are currently under investigation for
various conditions, including cancer and viral infections. However,
significant challenges remain in the development and optimization
of
ncRNA-based therapeutics, including delivery to target cells and
tissues and potential off-target effects.
    
  



 








  

    

      
In
conclusion, ncRNAs are essential regulators of gene expression that
play a crucial role in various cellular processes. Epigenetic
changes
can influence ncRNA-mediated regulation of gene expression and
contribute to disease development and progression. A better
understanding of the mechanisms underlying ncRNA-mediated
regulation
of gene expression will be critical for developing novel therapies
for various diseases.
    
  



 








  

    

      

        
TRANSDIFFERENTIATION
      
    
  



  

    

      
Transdifferentiation
is a fascinating biological phenomenon that involves the direct
conversion of one specialized cell type into another without going
through the pluripotent state. Unlike cell reprogramming, which
involves the induction of pluripotency followed by differentiation
into a specific cell type, transdifferentiation bypasses the
pluripotent stage and allows the cell to directly convert into
another specialized cell type.
    
  



 








  

    

      
Transdifferentiation
has been observed both naturally and artificially under
experimental
conditions. Natural transdifferentiation occurs in response to cell
injury or during regeneration processes in various organisms. For
example, Eguchi [101] reported on a natural transdifferentiation
phenomenon during Wolffian lens regeneration in newts, where
iris-pigmented epithelial cells differentiated into lens fibers.
Another example of natural transdifferentiation is cartilage
regeneration from fibroblasts during urodele amphibian limb
regeneration [102].
    
  



 








  

    

      
Artificial
transdifferentiation, on the other hand, can be induced by
manipulating the expression of key transcription factors or
signaling
pathways in cells. For instance, studies have shown that forced
expression of defined sets of transcription factors can induce
transdifferentiation of somatic cells, such as fibroblasts, into a
variety of different cell types, including neurons, cardiomyocytes,
and hepatocytes [109].
    
  



 








  

    

      
The
ability to induce transdifferentiation has significant implications
for regenerative medicine. It offers the potential to directly
convert patient-specific cells into the cell type required for
tissue
repair or replacement, bypassing the need for pluripotent stem
cells
and avoiding the ethical concerns associated with their use.
However,
several challenges remain in developing safe and efficient
transdifferentiation protocols, such as controlling the specificity
and efficiency of the conversion process.
    
  



 








  

    

      
In
conclusion, transdifferentiation is a fascinating biological
phenomenon that allows for the direct conversion of one specialized
cell type into another without going through the pluripotent state.
It occurs naturally in response to cell injury or during
regeneration
processes in various organisms and can be induced artificially by
manipulating the expression of key transcription factors or
signaling
pathways. Transdifferentiation offers significant potential for
regenerative medicine but also poses significant challenges in
developing safe and efficient protocols. A better understanding of
the mechanisms underlying transdifferentiation will be critical for
advancing our knowledge of cellular development and physiology and
developing novel therapies for various diseases.
    
  



  

    

      
Dental-derived
cells have emerged as a promising source for regenerative medicine
due to their ability to differentiate into various cell types.
Several studies have reported that dental-derived cells can
differentiate into desired cells, such as cardiac cells, neuronal
cells, and pancreatic cells [28,103,104,105]. Furthermore,
experimental studies have indicated the potential of
transdifferentiation in dental-derived cells
[28,103,104,105,106].
    
  



 








  

    

      
Transdifferentiation
involves the direct conversion of one specialized cell type into
another without going through the pluripotent state. Forced ectopic
expression of specific genes using transfection of transcription
factors has been shown to induce transdifferentiation in various
cell
types. For example, B cells can be converted into macrophages by
forced ectopic expression of specific genes [107], and fibroblasts
can be transdifferentiated into neurons [108], cardiac cells [109],
and hepatocytes [110]. Additionally, miRNA, episomal vectors,
proteins, and small molecules have also been used to generate
desired
cells by bypassing the pluripotent state [111,112].
    
  



 








  

    

      
In
the field of dentistry, dental-derived cells have shown great
potential for tissue regeneration and repair. Dental pulp stem
cells
(DPSCs), for instance, have been shown to differentiate into
osteoblasts, chondrocytes, adipocytes, and neural-like cells
[113,114]. Similarly, stem cells from human exfoliated deciduous
teeth (SHED) have been shown to differentiate into odontoblasts,
osteoblasts, adipocytes, and neuronal cells [115,116]. Moreover,
periodontal ligament stem cells (PDLSCs) have been shown to
differentiate into cementoblasts, osteoblasts, and fibroblasts
[117,118].
    
  



 








  

    

      
The
ability of dental-derived cells to differentiate into multiple cell
types makes them attractive candidates for regenerative medicine
applications. Moreover, their non-invasive and readily available
sources make them ideal for autologous cell transplantation.
However,
several challenges remain in developing safe and efficient
protocols
for dental-derived cell-based therapies, such as controlling the
specificity and efficiency of the conversion process and ensuring
long-term safety.
    
  



 








  

    

      
In
conclusion, dental-derived cells have shown great potential for
tissue regeneration and repair due to their ability to
differentiate
into various cell types. Transdifferentiation offers a promising
avenue for generating desired cells by bypassing the pluripotent
state. A better understanding of the mechanisms underlying
transdifferentiation and dental-derived cell differentiation will
be
critical for advancing our knowledge of cellular development and
physiology and developing novel therapies for various
diseases.
    
  



  

    

      
Like
induced pluripotent stem cells (iPSCs), transdifferentiation was
initially induced through the use of a transgene method involving
the
overexpression of specific transcription factors. However, the use
of
viral vectors such as retroviruses or lentiviruses to deliver these
transgenes raised concerns about the potential for carcinogenesis
through insertional mutagenesis and transgene inactivation. As a
result, researchers have developed alternative methods of inducing
transdifferentiation that do not carry the same risks.
    
  



 








  

    

      
One
approach involves using non-integrating viral vectors like
adenoviruses, which can deliver the necessary transcription factors
without integrating into the host genome. Another alternative is to
use episomal vectors or excisable vectors that can be removed after
transgene delivery to reduce the risk of carcinogenesis
[92].
    
  



 








  

    

      
One
limitation of iPSCs is epigenetic memory, where the original cell
retains some of its previous cellular characteristics even after
reprogramming. In contrast, transdifferentiation directly converts
one specialized cell type into another without going through a
pluripotent state, potentially avoiding issues related to
epigenetic
memory. However, this possibility has yet to be clearly
established,
as transdifferentiation can also induce epigenetic changes during
the
conversion process.
    
  



 








  

    

      
Several
studies have reported changes in the epigenetic landscape during
transdifferentiation procedures, highlighting the need for further
research to fully understand the mechanisms underlying this process
[113,114,115]. These findings suggest that while
transdifferentiation
may offer an attractive alternative to iPSCs, it is important to
carefully consider the potential epigenetic changes that could
occur
during the conversion process.
    
  



 








  

    

      
In
conclusion, transdifferentiation offers a promising avenue for
generating desired cell types without going through a pluripotent
state. Alternative methods of transgene delivery, such as
non-integrating viral vectors and episomal vectors, have been
developed to reduce the risk of carcinogenesis associated with the
overexpression of transcription factors. However, the potential for
epigenetic changes during the transdifferentiation process
highlights
the need for further research to fully understand the mechanisms
underlying this phenomenon.
    
  



  

    

      
The
process of transdifferentiation involves the direct conversion of
one
specialized cell type into another without going through a
pluripotent state. The regulation of gene expression during this
process is complex and involves epigenetic modifications, including
DNA methylation and histone modifications.
    
  



 








  

    

      
DNA
methylation plays a critical role in regulating gene expression
during transdifferentiation. Studies have shown that changes in DNA
methylation patterns are involved in the transdifferentiation of
various cell types, such as B cells to macrophages [116],
adipocytes
to osteoblasts [117], and gingival fibroblasts to osteoblasts
[118].
Treatment with a DNA methyltransferase inhibitor,
5-aza-2’-deoxycytidine (5-aza-dC), has been shown to change the
level of DNA methylation on the promoter of peroxisome
proliferator-activated receptor gamma and alkaline phosphatase,
leading to the induction of transdifferentiation from adipocytes to
osteoblasts [117]. Similarly, pre-treatment with 5-aza-dC followed
by
sequential BMP2 treatment induced direct conversion from gingival
fibroblasts to osteoblasts [118].
    
  



 








  

    

      
Histone
modifications also play a crucial role in inducing
transdifferentiation. Transient expression of reprogramming factors
has been shown to induce transdifferentiation from fibroblasts to
cardiomyocytes with decreased H3K27me3 and increased H3K4me3 at the
Oct3 promoter [119,120]. Furthermore, the level of H3K4me2 has been
shown to change during transdifferentiation, increasing in the
muscle-specific miR-1-2/miR-133a-1 cluster [119,120].
    
  



 








  

    

      
The
regulation of epigenetic modifications during transdifferentiation
is
a promising avenue for developing novel regenerative therapies.
However, several challenges remain in developing safe and efficient
transdifferentiation protocols, including controlling the
specificity
and efficiency of the conversion process and minimizing the
potential
for off-target effects.
    
  



 








  

    

      
In
conclusion, DNA methylation and histone modifications play a
crucial
role in regulating gene expression during transdifferentiation.
Understanding the mechanisms underlying these epigenetic
modifications will be critical for developing safe and efficient
transdifferentiation protocols for regenerative medicine
applications.
    
  



  

    

      
Over
the years, molecular biology research has made significant progress
in understanding the mechanisms underlying transdifferentiation,
particularly regarding the possibility of inducing
transdifferentiation into cardiomyocytes or neurons through the
modulation of miRNA or lncRNA [121,122,123]. These findings have
opened up new possibilities for regenerative medicine
applications.
    
  



 








  

    

      
Several
pre-clinical trials have been conducted to study the potential of
transdifferentiation as a therapeutic tool. In vitro and in vivo
models have been used to induce transdifferentiation using various
approaches [117,118,124,125,126,127,128,129,130,131]. The outcomes
of
these studies have provided valuable insights into the feasibility
of
using transdifferentiation to regenerate damaged tissues and
organs.
    
  



 








  

    

      
However,
for transdifferentiation to be implemented in clinical settings,
well-designed and controlled practical protocols need to be
established. This requires addressing several technical challenges,
such as achieving high levels of efficiency and specificity in
inducing transdifferentiation, ensuring the safety of the
conversion
process, and verifying the functionality of the newly generated
cells. Additionally, ethical considerations must be taken into
account when selecting the cell source for transdifferentiation and
when deciding on the intended target cell type for
differentiation.
    
  



 








  

    

      
Despite
these challenges, there is no doubt that transdifferentiation holds
tremendous potential as a therapeutic approach for many diseases
and
injuries. With continued research and development, it may become
possible to harness the power of transdifferentiation to regenerate
damaged tissues and organs, offering hope to millions of people
suffering from debilitating conditions.
    
  



 








  

    

      
In
conclusion, while several preclinical trials have demonstrated the
potential of transdifferentiation as a therapeutic tool,
well-designed and controlled practical protocols need to be
established before it can be used clinically. Addressing technical
challenges and ethical considerations will be critical in advancing
the field of transdifferentiation and realizing its full potential
as
a transformative regenerative medicine approach.
    
  



  

    

      
Regenerative
medicine using dental-derived cells has emerged as a promising
field
of research in recent years. Innovations such as the identification
and isolation of stem cells, cell reprogramming, and
transdifferentiation have paved the way for obtaining desired cells
for regenerative medicine applications. Stem cell therapies are
currently being applied as treatment modalities for potentially
fatal
diseases such as spinal cord injury, retinal regeneration, and
heart
failure. Furthermore, the generation of target cells from somatic
cells via iPSCs or transdifferentiation using biomolecules like
chemical compounds, transcription factors, or growth factors has
expanded the field of applications and opened new opportunities for
cell therapy and disease modeling.
    
  



 








  

    

      
Recent
developments in cell reprogramming with dental-derived cells have
shown promise in the creation of various types of cells for tissue
engineering applications. Dental tissue-derived cells are an
excellent cell source for these processes, as they are easy to
procure and have good proliferation and differentiation abilities
based on accumulated scientific evidence. However, considerable
heterogeneity may exist between cells derived from the same source
of
dental stem cells, which can affect clinical outcomes. Moreover,
cell
delivery methods can also impact the success of clinical
trials.
    
  



 








  

    

      
Several
clinical trials using autologous dental-derived stem cells for
tissue
regeneration have already been attempted. Although these studies
have
yielded some promising results, the long-term outcomes are not well
reported, and more pre-clinical and clinical trials are needed to
ensure the efficacy of cell therapy and its application in clinical
settings. It is necessary to understand how to control the fate and
function of delivered cells to optimize the effectiveness of cell
therapy. Additionally, epigenetic studies related to epigenetic
memory are being conducted, highlighting the importance of
understanding the mechanisms underlying cellular development and
physiology to advance the field of regenerative medicine.
    
  



 








  

    

      
Despite
the challenges involved, the potential regenerative benefits of
dental-derived cells for prolonging and improving human health are
significant. More in-depth and careful research is needed to
overcome
obstacles and ensure the safety and efficacy of cell therapy. With
continued advancements in dental-derived stem cell research, it may
become possible to leverage these cells for the treatment of a
variety of diseases and injuries, offering hope to millions of
people
worldwide.
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