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Dental Stem Cells & their role in Regenerative
Therapies: A Systematic Review

Abstract

Stem cells have a capacity for self-renewal and capability of
proliferation and differentiation to various cell lineages. They can be
classified into embryonic stem cells (ESC) and non-embryonic stem
cells (non-ESC). Mesenchymal stem cells (MSC) have shown
promising results in several animal studies and clinical trials. ESCs also
have a great potential but their use is still limited due to ethical and
scientific considerations. The use of amniotic fluid derived cells,
umbilical cord cells, fat and skin tissues and monocytes might be an
adequate “ethically pure” alternative in future. Stem cells can be used to
augment the body’s own regenerative potential. This article reviews the
role of dental stem cells in regenerative medicine.
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INTRODUCTION

The science of tissue engineering and regenerative
medicine has seen tremendous development
especially in the field of stem cell research. Tissue
engineering involves the development of functional
tissue with the ability to replace missing or
damaged tissue. This may be achieved either by
transplanting cells seeded into a porous material or
scaffold having open pores or by relying on
ingrowth of cells into such a material, which in both
cases develops into normal tissue ™ Today stem
cell biology is one of the most exciting fields of
research with promising possibilities in all spheres
of medical science. The term stem cell was
proposed for scientific use by Russian histologist
Alexander Maksimov in 1909. He was the first to
suggest the existence of hematopoietic stem cells
(HSC) with the morphological appearance of a

lymphocyte, capable of migrating throughout the
blood to micro ecological niches that would allow
them to proliferate and differentiate.!”!
CONCEPT OF STEM CELLS
Stem cells (SCs) are undifferentiated cells capable
of self-renewal and differentiation into multiple
functional cell types. These cells can widely be used
in injury to promote repair and tissue
regeneration.’® All stem cells, regardless of their
source, have three general properties, which make
them different from other cells in the body:

a) Are unspecialized/ undifferentiated- one of
the fundamental properties of a stem cell is that
it does not have any tissue specific structures
that allow it to perform specialized functions.
However unspecialized stem cells can give rise
to specialized cells, including heart muscle cells,
blood cells or nerve cells.
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b) Can give rise to specialized cell types- When
unspecialized stem cells give rise to specialized
cells, the process is called differentiation.

c) Are capable of dividing and renewing
themselves- unlike muscle cells, blood cells or
nerve cells, which normally do not replicate
themselves, stem cells may replicate many
times. If the resulting stem cells continue to be
unspecialized, like the parent stem cells, the
cells are said to be capable of long term self-
renewal.

Human stem cells can be divided into three main
categories: embryonic, germinal and somatic (Fig.
1). Embryonic stem cells (ESCs) originate from the
inner cell mass of the blastocyst. ESCs are
omnipotent and have indefinite replicative life span,
which is attributable to their telomerase
expression.” Germinal stem cells (GSCs) are
derived from primary germinal layers of embryo.
They differentiate into progenitor cells to produce
specific organ cells. Somatic/adult stem cells are
progenitor cells as they are less totipotent i.e. less
replicative life span than ESCs. They exist in
mature tissues such as haematopoietic, neural,
gastrointestinal and Mesenchymal tissues. The
existence of stem cells within tooth was reported for
the first time in 2000 when Songtao Shi group
isolated cells with high proliferative potential for
self-renewal from adult human dental pulp that are
capable to develop into multiple cell lineages in
vitro.®) So far five different human dental-tissue-
derived stem/progenitor cells have been isolated and
characterized (Fig. 1).°! These five sources are
listed below:

1. Dental Pulp Stem Cells (DPSCs)

DPSCs were the first cells isolated from dental pulp

of third molars (wisdom teeth) from adults (19-29

years of age). The pulp tissue was gently separated

from the crown and root and degradation was
performed using digestive enzymes (collagenase
and dispase). After filtration and washing in growth
medium single-cell suspensions were seeded into
culture plates. Thus isolated cells are able to adhere
to plastic and form fibroblast-like colonies,
proliferate extensively, form odontoblasts and
possess the capacity to differentiate in vitro into
various cell types e.g. osteoblast, adipocytes or
neural-like cells under stimulation in cultured
medium.["! The best known example of an adult
stem cell is bone marrow stromal /stem cell

(BMSCs), which is considered to be the gold

standard in the assessment of in vitro differentiation
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of mesenchymal stem cells. Newly discovered type
of progenitor and stem cells are compared with
them. DPSCs occurred at an apparently higher
frequency in comparison to the BMSCs. The
proliferation analysis revealed that human DPSCs
have faster population doubling time than BMSCs
in vitro. Shi group studies demonstrated that DPSCs
and BMSCs share a similar pattern of protein
expression.®¥ Access to the DPSCs collection site is
relatively easy. As DPSCs can be extracted with
high efficiency, exert extensive differentiation
ability, and demonstrate interactivity = with
biomaterials DPSCs are considered ideal for tissue
reconstruction.

2. Apical Papilla Derived Stem Cells (APDCs)
also called stem cells from apical papilla (SCAP)
The physical and histological characteristic of the
dental papilla located at the apex of developing
human permanent teeth has recently been described
and this tissue has been termed apical papilla. This
tissue is loosely attached to the apex of the
developing root and can be easily detached. A
population of stem cells isolated from human teeth
was found at the tooth root apex. These cells are
called stem cells from apical papilla (SCAP) and
have been demonstrated to differentiate and exhibit
higher rates of proliferation in vitro than do DPSC.
There is an apical cell-rich zone lying between the
apical papilla and the pulp. Importantly, stem
/progenitor cells were located in both dental pulp
and the apical papilla, but they have somewhat
different characteristics.”® Mesenchymal cells
within the dental papilla are responsible for
production of dentin and pulp. First report about
new class of cells with high proliferation activity
and multilineage differentiation potential obtained
from immature tip of the apical papilla of human
developing third molars was published by Abe et
al." They are capable to form odontoblast-like
cells and produce dentin in vivo and can serve as a
cell source of primary odontoblasts for root dentin
formation.!*!)

3. Periodontal Ligament Stem Cells (PDLSCs)
The mesenchyme of the dental sac condenses to
form the periodontal ligament (fiber). Periodontal
ligament (PDL) is a tissue that connects cementum
and alveolar bone to maintain and support teeth in
situ. PDL perform supportive, sensory, nutritive,
regenerative and homeostatic functions. The PDL
has long been recognized to contain a population of
progenitor cells. PDLSCs were first isolated by Seo
et al, and were found to be capable of differentiating
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Fig. 1: Stem Cells In Dental Tissues

into cementoblast-like
collagen forming cells.*
4. Dental Follicle Progenitor Cells (DFPCs)
Dental follicles comprise the neural crest, which is
derived from ectomesenchymal tissue surrounding
the developing tooth germ. Human dental follicles
play an important role in tooth eruption by
regulating osteoclastogenesis and osteogenesis.
After tooth eruption, the dental follicle differentiates
into cells of the periodontium, including alveolar
osteoblasts, the PDL, fibroblasts and cementoblasts.
The pluripotency of DFSCs has also been
demonstrated. Dental follicle cells can be easily
isolated after wisdom tooth extraction. Third molar
is very often extracted during orthodontic therapy or
to avoid inflammation, so dental follicle, like other
parts of third molars, is commonly discarded as
medical waste. Thus third molars could be a
practical cells source for potential therapeutic
applications. The existence of progenitor/stem cells
within dental follicle was reported for the first time
in 2002 ™ DFPCs can differentiate toward a
cementoblast, osteoblast, periodontal ligament,
adipogenic, osteogenic and neuronal lineage.
Tsuchiya et al suggest that DFSCs potential for
bone formation is similar to BMSCs.[*

cells, adipocytes and

5. Stem Cells from Exfoliated Deciduous Teeth
(SHED)

At about 7 years of age, the process of replacement
of 20 deciduous teeth for 32 permanent teeth begins.
Unexpectedly, Miura et al. isolated a distinctive
population of multipotent stem cells from the
remnant pulp of exfoliated deciduous teeth.™™
These cells have the capacity of inducing bone
formation, generate dentin and differentiate into
other non dental mesenchymal cell derivatives in
vitro. SHED exhibit higher proliferation rates,
increased population doublings, in addition to
osteoinductive capacity in vivo and an ability to
form sphere-like clusters. However, unlike DPSCs,
they are unable to regenerate complete dentin/pulp-
like complexes in vivo.™® With the osteoinductive
potential, SHED can repair critical sized calvarial
defects in mice with substantial bone formation.!*"!
Given their ability to produce and secrete
neurotrophic factors, dental stem cells may also be
beneficial for the treatment of neuro-degenerative
diseases and the repair of motor neurons following
injury. Because children naturally lose deciduous
teeth, there are multiple opportunities to harvest this
type of stem/progenitor cells in an almost painless
and minimally invasive procedure. Thus, exfoliated
teeth can be a unique resource for stem-cell
transplantation in regenerative dentistry. Besides, in
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the future, the possibility to bank these cells may
provide sources for both allogenic and autologous
cell replacement later when required.

ROLE OF DENTAL STEM CELLS IN
REGENERATIVE MEDICINE

1) DENTAL PULP REGENERATION

Efforts to induce tissue regeneration in the pulp
space have been a long search. In 1962, Ostby
proposed inducing haemorrhage and blood clot
formation in the canal space of mature teeth in the
hope of guiding the tissue repair in the canal. ¥
However, the connective tissue that grew into the
canal space was limited and the origin of this tissue
remains unproved. Regenerative Endodontics
represents a new treatment modality that focuses on
reestablishment of pulp vitality and continued root
development. This clinical procedure relies on the
intracanal delivery of a blood clot (scaffold), growth
factors (possibly from platelets and dentin), and
stem cells.™ These findings provide the biological
basis for the participation of stem cells in the
continued root development and regenerative
response that follow this clinically performed
procedure. As DPSC have the potent dentinogenic
ability, they could be used for the vital pulp therapy.
When DPSC are transplanted alone or in
combination with BMP2 in the pulp cavity, these
stem cells can significantly promote the repair and
reconstruction of dentin-pulplike complex Prescott
et al., placed the triad of DPSC, a collagen scaffold
and DMP1 in the simulated perforation sites in
dentin  slices and then transplanted the
recombination subcutaneously into the nude mice.
After 6 weeks of incubation, well-organized
pulplike tissue could be detected in the perforation
site.®  Cordeiro et al., demonstrated that
SHED/scaffold recombination prepared within
human tooth slices also have the potential to form
dental  pulp-like structures.®  The future
development of regenerative endodontic procedures
will require a comprehensive research program
directed at each of these components and their
application in the clinical practice.

2) BONE REGENERATION

Bone defects due to congenital and acquired causes
such as trauma, surgery and tumors may lead to
extensive bone loss and defects which require
transplantation of bone tissue or substitutes to
restore structural integrity and function. The current
use of autologous cancellous bone grafting has its
limitations especially in osteoporotic, paediatric and
oncological patients and its harvest results in
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additional morbidity to the donor site, leading to
pain, haematoma, or infection.”? Allogenic bone
has been used but this has minimal osteoinductive
capacity, is possibly immunogenic, has a potential
for disease transmission and is minimally replaced
by new bone.”¥! Most of the experimental and
clinical evidence to date is supportive of the
efficacy of MSCs in enhancing bone formation and
healing of bone defects. Large animal models
showed that the treatment of large bone defects with
the application of MSCs on an osteoconductive
carrier can be used successfully.”*! Kenji Ito et al.,
have studied osteogenic potential of effective bone
engineering using DPSCs , bone marrow cells &
periosteal cells for osseointegration of dental
implants. Study concluded that DPSCs showed the
highest osteogenic potential and may be useful cell
source for tissue engineered bone around dental
implants.” DPSCs showed differentiation profiles
similar to those showed during bone differentiation
and this event make them very interesting as a
model to study osteogenesis and the relationship
with scaffolds.®® Such mesenchymal stem cells are
extensively used in surgical repair/regeneration, as
they instigate from neural crest and migrate,
differentiate, participate in morphogenesis to give
rise to structures of craniofacial region including
muscle, ligament, cartilage, bone, periodontal
membrane and teeth.*"]

3) CARDIAC REPAIR

Regardless of the recent advances in prevention and
treatment of myocardial infarction (M), it remains
one of the major causes of mortality worldwide. In
this perspective, cardiomyocytic differentiation of
DPSCs has been studied by various researchers. It
was found that DPSCs can help cardiac repair after
myocardial infarction. In an experimental model of
acute myocardial infarction, the left coronary artery
was ligated in nude rats. Then DPSCs were
transplanted to the border of the infarction zone.
Four weeks after transplantation, evidence of
cardiac repair was noted with improved cardiac
function, increase in the number of vessels and a
reduction in infarct size. The cardiac repair occurred
in the absence of any evidence of DPSCs
differentiation into cardiac or smooth muscle cells.
This suggests that DPSCs induced cardiac repair
due to its secretion of different growth factors and
cytokines such as vascular endothelial growth
factor, insulin-like growth factor- 1 and -2 and stem
cell factor, which helped in inducing angiogensis
and cardiac regeneration at the infarction zone.!*®
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Therefore, it seems that DPSCs have the potential to
be used as a novel and alternative source for
treatment of not only dental but also some other
ischemic diseases.

4) NEURAL REGENERATION

Several studies have shown that DPSCs are
competent of provoking long term regeneration of
nerves in damaged spinal cord. Apel et al.,
potentially investigated the neuro-protective effect
of DPSCs in vitro models of Alzheimer’s and
Parkinson’s disease.”” They also obtained DPSCs
from adult rat incisors by systematic isolation and
were added to the neuron cultures two days prior to
the neurotoxin treatment. It was also revealed that
DPSCs expressed a neuronal phenotype and
produced the neurotropic factors like NGF (nerve
growth factor), GDNF (Glial cell derived
neurotrophic  factor), BDNF (Brain derived
neurotrophic factor) and BMP2. Also, DPSCs
protected primary neurons and helped in the cell
viability.®™ In an experiment the DPSCs were
transplanted into rats with completely severed
spinal cords. It was demonstrated that DPSCs
promoted the regeneration of transacted axons by
directly inhibiting multiple axon growth inhibitors
and by prevention of apoptosis of neurons,
astrocytes and oligodendrocytes. The DPSCs also
differentiated into mature oligodendrocytes to
replace cells that were lost. Later on Almeida et al.,
supported the fact on the basis of their study where
they explored the outcomes of human dental pulp
stem cells in a mouse model with compressive
spinal cord injury.B!

5) IMPLICATIONS FOR
TREATMENT

At present, the cancer treatment is targeted at its
proliferation potential and its ability to metastasise,
and hence the majority of treatments are targeted at
rapidly dividing cells and at molecular targets that
represent the bulk of the tumour. This may explain
the failure of treatments to eradicate the disease or
the recurrence of the cancer. Although current
treatments can shrink the size of the tumour, these
effects are transient and usually do not improve
patient's survival outcomes.®? For tumours in which
the cancer stem cells play role, three possibilities
exist. First, the mutation of normal stem cells or
progenitor cells into cancer stem cells can lead to
the development of the primary tumour. Second,
during chemotherapy, most of the primary tumour
cells may be destroyed but if cancer stem cells are
not eradicated, they become refractory cancer stem

CANCER
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cells and may lead to recurrence of tumour. Third,
the cancer stem cells may emigrate to distal sites
from the primary tumour and cause metastasis.®!
Theoretically, identification of the cancer stem cells
may allow the development of treatment modalities
that target the cancer stem cells rather than rapidly
dividing cells in the cancer. This may cure the
cancer as the remaining cells in the cancer growth
have limited proliferative capability. Although the
idea of the therapies focused on the cancer stem
cells may look exciting, targeting the cancer stem
cells may not be easy. The cancer stem cells are
relatively quiescent compared to other cancer cells
and do not appear to have the hyper-proliferation
signals activated such as tyrosine kinase. These
make the cancer stem cells resistant to the toxicity
of the anti-cancer drugs, which traditionally target
the rapidly dividing cells. Much of the research is
now focused on targeting the essential genes or
pathways crucial for the cancer development
through the cancer stem cells, with any possible
therapies targeted against TICs. Thus, the concept
of the cancer stem cells has opened new areas of
research in carcinogenesis and future treatment
options.

6) STEM CELL THERAPY FOR DIABETES
Diabetes is one of the most common chronic
degenerative endocrinal diseases which can
although be managed clinically with the use of
insulin injections, but still it remains an incurable
and inconvenient disorder. In the long term it is
associated with a number of clinical complications,
and there is a desire to see new methodologies to
replace defective cells and provide a lasting
normality without the need for drug treatment.
Significant steps have been made toward the use of
stem cell technologies to generate b cells as a
potential therapy for patients suffering from
diabetes. Embryonic and adult stem cells have been
used for the production of insulin producing cells
derived from amniotic fluid, bone marrow and
adipose tissue.**! Chen et al. showed that insulin
producing cells (IPCs) can be derived from
monoclonal and polyclonal DPSCs. Furthermore,
when subjected to same IPCs producing protocol,
they demonstrated that the insulin yield of
polyclonal and clonal DPSCs was higher than that
of BMSCs.!

CONCLUSION

Stem cell therapy is emerging as a revolutionary
treatment modality to treat diseases and injury, with
wide-ranging medical benefits. There are several
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potential aspects of using stem cells in reparative
and reconstructive of tissues. Recent studies show
that stem cells of dental origin (particularly SHED)
appear to have the ability to develop into more types
of body tissue than other types of stem cells. This
difference opens the door for further more
therapeutic applications. . While the promise of the
immense scope and magnitude that stem cell
therapies will have upon the population will only be
fully realized in the future, Dental professionals
have realized that the critical time to act is now. But
at the same time there are also some safety issues
inherent in stem cell therapy. Like any other new
technology, it is completely unknown what the
long-term effects of such interference with nature
could be. Based on the accumulated laboratory and
clinical evidence, a road map to establish ‘‘stem-
cell-based regenerative medicine’” should thus be
presented by authorized organizations as a solid
consensus toward the future of dentistry.
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