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ABSTRACT

Stem cells have the remarkable potential to develop into many different cell types in the body. Serving as a sort of
repair system for the body, they can theoretically divide without limit to replenish other cells as long as the person or
animal is till alive. However, progress in stem cell biology and tissue engineering may present new options for
replacing heavily damaged or lost teeth, or even individual tooth structures. The goal of this review is to discuss the
potential impact of dental pulp stem cells on regenerative endodontics.

Keywords: Dental pulp complex stem cells, Periodontal ligament stem cells, Stem cells from human-exfoliated

deciduous teeth, Stem Cells from apical papilla.
INTRODUCTION

The complex structural composition of teeth ensures
both hardness and durability. These structures are
vulnerable to trauma and bacterial infections. As
ameloblasts are lost during eruption and odontoblasts
can create new dentine only on a dentine-pulp border, a
damaged tooth cannot self-repair. However, teeth show
a degree of reparative processes such as a tertiary
dentine formation. Once the odontoblast layer is
damaged, odontoblast-like cells are recruited from
somewhere within the pulp. Loss of the tooth, jawbone
or both, dueto periodontal disease, denta caries, trauma
or some genetic disorders, affects not only basic mouth
functions but aesthetic appearance and quality of life.
Current dentistry resolves these problems using
autologous tissue grafts or metallic implants. These
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treatments have some limitations such as an adjoining
tooth damage, bone resorption etc. The stem cell
bioengineered tooth is a promising way of single tooth
restoration. Some studies have reported that after dental
pulp necrosis, dental pulp complex stem cells (DPSCs)
can be used for the creation of dental pulp, which after
implantation into the shaped root canals has affinity for
the dentine’.More recently the potential use of stem
cellsin dental pulp tissue engineering has boosted much
interest in the field of Regenerative Endodontics.

Stem cells are defined as clonogenic cells capable of
both self- renewal and multilineage differentiation since
they are thought to be undifferentiated cells with
varying degrees of potency and plasticity’. They
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differentiate into one daughter stem cell and one

progenitor cell.

Classification of stem cells:

I. Stem cells can be classified according to their

plasticity: i) Totipotent stem cell ii) Pluripotent stem

cell. iii) Multipotent stem cell.

1. Stem cells can be classified according to their

growth stage®

a) Embryonic stem cells - located within the inner
cell mass of the blastocyst stage of development.
These stem cells have the highest potential to
regenerate and repair diseased tissue and organs in
the body.

b) Postnatal stem cell§ Adult stem cells - that have
been isolated from various tissues including bone
marrow, neural tissue, dental pulp and periodontal
ligament. These are multipotent stem cells capable
of differentiating into more than one cell type, but
not al cell types.

I11. Stem cells often categorized by their source.

a) Autologous stem cells - are obtained from the same
individual to whom they will be implanted.

b) Allogeneic stem cells - originate from a donor of
the same species.

c) Xenogenic cells - are those isolated from
individuals of another species.

Characteristics of stem cells:

1. Totipotency: generate all types of cells, including

germ cells (ESCs).

2.Pluripotency: generate all types of cells except cells of

the embryonic membrane.
Induced pluripotent stem cells (IPS) are an evolving
concept in which 3-4 genes found in the stem cells are
transfected into the donor cells using appropriate
vectors. The stem cells, thus derived by culturing will
have properties almost like embryonic stem cells.
3.Multipotency: differentiate into more than one mature
cell (MSC).

4. Self-renewal : divide without differentiation and create

everlasting supply.

5.Plasticity: MSCs have plasticity and can undergo

differentiation. The trigger for plasticity is stress or
tissue injury which up regulates the stem cells and
rel eases chemo attractants and growth factors.

Various sources for postnatal dental stem cells have

been successfully studied:

*  Permanent teeth - Dental pulp stem cells (DPSC):
derived from third molar®.
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* Deciduous teeth - Stem cells from human-exfoliated
deciduous teeth (SHED): stem cells are present
within the pulp tissue of deciduous teeth®.

¢ Periodontal ligament - Periodontal ligament stem
cells® (PDLSC).

+  Stem Cellsfrom apical papilla’ (SCAP).

+  Stem cells from supernumerary tooth — Mesiodens®.

 Stem cells from teeth extracted for orthodontic
purposes’.

+ Dental follicle progenitor cells™.

+  Stem cellsfrom human natal dental pulp™ (NNDP).

The Stem Cells that are found in the pulp of deciduous

and permanent teeth are adult multipotent mesenchymal

Stem Cells. The central region of the pulp contains large

nerve trunks and blood vessels. This area is lined

peripherally by a specialized odontogenic area which
hasthree layer s (from innermost to outermost)

1. Cél rich zone; innermost pulp layer which contains
fibroblasts and undifferentiated mesenchymal Stem
Cells.

2. Cdl free zone (zone of Weil) which isrich in both
capillaries and nerve networks. The nerve plexus of
Rashkow are located in this zone.

3. Odontablastic layer; outermost layer which
contains odontoblasts and lies next to the predentin
and mature dentin.

Dental pulp stem cells (DPSC): Mesenchymal stem

cells that are isolated from the dental pulp of permanent

teeth, are termed as Dental Pulp Stem Cells' (DPSC).

Denta follicle stem cells (DFSCs) are isolated from

mesenchymal tissue localized around developing tooth

germ. This source of stem cells can be easily obtained
from follicles of impacted third molars®. DFSCs are
recognized as progenitors for cementoblasts, PDL stem
cells, osteoblasts as well as neural cells. DFSCs have the
capacity to induce calcification processesin vitro and in
vivo. Experiments undertaken with DFSCs revealed
their potential for use in tissue engineering applications,
including periodontal and bone regeneration. DFSCs are
recognized as osteogenesis and dentinogenesis
inductors, but have not shown ability to produce dentin-
pulp complex formation** '°. DPSCs have three
advantages over other more widely researched stem cell
sources. Thefirst is that they are possibly more prone to
forming neurons than other stem cells. The second
advantage is that there are fewer ethical consideration
than those which shroud other stem cells. Thirdly, they
are more easily isolated than other stem cells, such as
M SCs from the bone marrow and NSCs from cadavers.
The factors which make dental stem cells unique are:
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They are plentiful and easy to collect. Unlike
harvesting bone marrow stem cells, which requires
invasive surgery and cord blood stem cells, which
areonly available at birth, dental stem cells can be
collected from baby teeth and wisdom teeth which
would otherwise be discarded.
Dental stem cells are highly proliferative, growing
better in culture than many other types of adult stem
cells.
Dental stem cells have been reported to be more
immature than other sources of mesenchymal stem
cells (MSCs), thus may offer greater potential.
Dental stem cells are adult stem cells and are not the
subject of the same ethical concerns as embryonic
stem cells. (http://www.store-a-tooth.com/).
Stem cells from Human Exfoliated Deciduous teeth
(SHED): Mesenchymal stem cells that are isolated from
the dental pulp of exfoliated deciduous teeth, are termed
as Stem cells from Human Exfoliated Deciduous teeth®
(SHED). SHED were identified to be a population of
highly proliferative clonogenic cells capable of
differentiating into a variety of cell types including
neural cells, adipocytes and odontoblasts’. Deciduous
teeth are the idea resource of stem cells to repair
damaged tooth structures, induce bone regeneration and
possibly treat neuronal tissue injury or degenerative
diseases. The difference between dental stem cells and
cord blood stem cells are dental pulp contains mostly
mesenchymal stem cells while cord blood consists
predominantly of hematopoietic stem cells; bone
marrow contains both types of stem cells. While cord
blood stem cels have proven vauable in the
regeneration of blood cell types, dental stem cells are
able to regenerate solid tissue types that cord blood are
less well suited for - such as potentialy repairing
connective tissues, dental tissues, neuronal tissue and
bone. (http://www.store-a-tooth.conv).
SHED are distinct from DPSC with respect to their
higher proliferation rate, increased cell population
doublings, viability, osteoinductive capacities and
failure to reconstitute a dentin pulp like complex.
Types of Stem Cellsin Human Exfoliated Deciduous
teeth (SHED):
Adipocytes; Adipocytes have successfully been used to
treat cardiovascular disease, spine and orthopedic
conditions, congestive heart failure, Crohn’s disease,
and to be used in plastic surgery™®*’.
Chondrocytes and Osteoblasts: Chondrocytes and
Osteablasts have successfully been used to grow bone
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and cartilage suitable for transplant. They have aso
been used to grow intact teeth in animals**%.
Mesenchymal; Mesenchymal stem cells have the
potential to treat neuronal degenerative disorders such
as Alzheimer’s and Parkinson’s diseases, cerebral palsy,
aswell as a host of other disorders®*"?*?* Mesenchymal
stem cells have more therapeutic potential than other
type of adult stem cells®?*%,

Periodontal ligament stem cells (PDL SC):

The PDL is a specialized tissue located between the
cementum and the alveolar bone and has as a role the
maintenance and support of the teeth. Periodonta
ligament stem cells (PDLSC), are isolated from the root
surface of extracted teeth. These cells could be isolated
as plastic-adherent, colony-forming cells, but display a
low potential for osteo-genic differentiation under in
vitro conditions. PDL stem cells differentiate into cells
or tissues very similar to periodontium. Moreover, PDL
stem cells transplanted into immune

Compromised mice and rats demonstrated the capacity
for tissue regeneration and periodontal repair®. It has
been shown that a functional periodontium could
successfully be established using PDL stem cells™.
Once the cells have been processed and stored in
freezers, all biological activity has stopped, as a result,
cells that have been properly banked can be stored
amost indefinitely. Human cells have been effectively
stored for up to 50 years.

Stem Cels from the apical papilla (SCAP):
Mesenchymal stem cellsthat are isolated from the apical
end of developing tooth roots, are termed as Stem Cells
from the Apical Papilla (SCAP). Stem cells from the
apical part of the human dental papilla (SCAP) have
been isolated and their potential to differentiate into
odontoblasts was compared to that of the periodontal
ligament stem cells?®® (PDLSC). SCAP exhibit a higher
proliferative rate and appears more effective than
PDLSC for tooth formation. Importantly, SCAP are
easily accessible since they can be isolated from human
third molars.

Stem cells from the dental follicle (DFSCs): The
dental follicle is a mesenchymal tissue that surrounds
the developing tooth germ. During tooth root formation,
periodontal components, such as cementum, periodontal
ligament (PDL), and alveolar bone, are created by dental
follicle progenitors?’. DFSCs were found to be able to
differentiate into osteoblasts / cementoblasts,
adipocytes, and neurons. In addition, immortalized
denta  follicle cells were transplanted into
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immunodeficient mice and were able to recreate a new
periodontal ligament (PDL)-like tissue after 4 weeks®'.
Sources of dental stem cells: In a child the most
accessible stem cells are from the oral cavity. For
deciduous teeth, the best candidates are moderately
resorbed canine and incisors with the presence of
healthy pulp. Most Deciduous Molars are not candidates
because of their resorption pattern. In children, other
sources of easily accessble stem cels are
supernumerary teeth, mesiodens and over retained
deciduous teeth associated with congenitally missing
permanent teeth.

Potential applications of stem cellsin dentistry®®

The regenerative potential of adult stem cells obtained
from various sources, including dental tissues has been
of interest for clinicians over the past years and most
research is directed toward achieving the following:

* Regeneration of damaged coronal dentin and pulp

» Regeneration of resorbed root, cervical or apical
dentin, and repair perforations

« Periodontal regeneration

* Repair and replacement of bone in craniofacial defects
» Whole tooth regeneration.

Role of dental stem cellsin regenerative medicine®
Regenerative medicine is to regenerate fully functional
tissues or organs that can replace lost or damaged ones
occurred during diseases, injury and aging. The dynamic
features of isolated dental stem cells revealed much
potential for their use in regenerative medicine and
tissue engineering.

1. Dental Pulp Regeneration. 2. Bio-Root Engineering.
3. Neural Regeneration.

Dental stem cell banking: Dental stem cell banking
i.e, the process of storing stem cells obtained from
patients deciduous teeth and wisdom teeth, may be one
strategy to realize the potential of dental-stem-cell-based
regenerative therapy®>*. Recently, cell/tissue banks in
the dental field has been planned and placed into
practicein several countries, e.g.,

1. Advanced Center for Tissue Engineering Ltd., Tokyo,
Japan (http://www.acte group.comy/).

2. Teeth Bank Co., Ltd,
(http://www.teethbank.jp/).

3. Store-A-Tooth ™,
(http://www.store-a-tooth.conv).
4. BioEDEN, Austin, USA (http://www.bioeden.conv).
5. Stemade Biotech Pvt. Ltd, Mumba, India
(http://www.stemade.conm).

Hiroshima, Japan

Lexington, USA
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We can collect baby teeth for dental stem cell banking at
home, with the following restrictions;
(http://www.store-a-tooth.comy/).

1. There must be a blood supply to the tooth when
it is removed — that is, the tooth should bleed
dlightly when removed.

2. The tooth must be banked using our Cultured
Cell Service, so lab tests can be performed to
confirm the presence of stem cells prior to
cryopreservation.

The cost to process and store stem cells for 20 years -
$1,250, Annually- $95.00, Monthly- $9.50.

Stem cellsin endodontic ther apy

Stem cels in the dental pulp: The fraction of
multipotent stem cells in the dental pulp is small** and
the location of these cells are not clearly known, but
their phenotype is suggestive of their presence in
perivascular niches*. Both DPSC and SHED cells are
originated from the dental pulp, they exhibit significant
differences. For example, during osteogenic
differentiation, SHED present higher levels of akaline
phosphatase activity and osteocalcin production, and
higher proliferative rate than DPSC>*%*. SHED and
DPSC cells are capable of regenerating dentin and pulp-
like tissues in vivo™>*"%,

Stem cells and caries-induced dentinogenesis: The
dental pulp is a highly vascularized and innervated
connective tissue responsible for maintaining the tooth
vitality and able to respond to injuries. Dentinogenesis
is a unique process, which involves the interaction
between odontoblasts, endothelial cells, and nerves®.
The odontoblasts, ecto-mesenchymal derived cells, are
thefirst cells to respond to the injury caused by bacterial
invasion during caries progression™. The endothelial
cells and nerve cells located in the vicinity of the carious
lesion modulate the odontoblastic response™ . Primary
odontoblasts are induced to secrete a dentin matrix that
mineralizes as reactionary dentin in response to shallow
caries™*. Thistype of tertiary dentin protects the dental
pulp from irritants and maintains dental pulp integrity.
Stem cells and pulp angiogenesis. Vascular
endothelial growth factor (VEGF) is a potent inducer of
endothelial cell differentiation and survival, and it is the
most effective angiogenic factor***. VEGF also plays a
critical role on the control of vascular permeability
during physiological and pathological events®. VEGF is
strongly expressed by odontoblasts and in the sub-
odontoblastic layer in vivo®*'.VEGF is potently
expressed in dental pulp tissues of teeth undergoing
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caries-induced pulpitis, by immunohistochemical
studies™.
Application of stem cels in
endodontics:
Implantation: In pulp implantation, replacement pulp
tissue is transplanted into clean and shaped root canal
systems. The source of pulp tissue may be a purified
pulp stem cell line that is disease or pathogen-free or is
created from cells taken from a biopsy, that has been
grown in the laboratory. Stem cell treatment is not
dangerous.
Pulp revascularization: Pulp necrosis of an immature
tooth as a result of caries or trauma could arrest further
development of the root, leaving the tooth with thin root
canal walls and blunderbuss apices. Regeneration of the
pulpal tissue of an infected immature tooth might take
place if suitable environment is possible with absence of
intrapulpal infection. The pulpal space might become
repopulated with mesenchymal cells arising from dental
papillaor apical periodontium>*>*.
Whole tooth regeneration: Tooth-like tissues have
been generated by the seeding of different cell types on
biodegradable scaffolds. A common methodology is to
harvest cells, expand and differentiate cellsin vitro, seed
cells onto scaffolds, and implant them in vivo, in some
cases, the scaffolds are re-implanted into an extracted
tooth socket or the jaw. Ikeda et al, 2009 reported a
successful fully functioning tooth replacement in an
adult mouse achieved through the transplantation of
bioengineered tooth germ into the aveolar bone in the
lost tooth region®. This technology was proposed as a
model for future organ replacement therapies. In many
cases teeth with cavities works. However, teeth with
extensive decay, or where there is reason to believe that
the pulp has been compromised, should be discarded.
A possible risk of some stem cell treatments may be the
development of tumors or cancers. For example, when
cells are grown in culture (a process called expansion),
the cells may lose the normal mechanisms that control
growth or may lose the ability to specialize into the cell
types you need. Also, embryonic stem cellswill need to
be directed into more mature cell types or they may
form tumors called teratomas. Other possible risks
include infection, tissue rejection, complications arising
from the medical procedure itself and many unforeseen
risks.
FUTURE CHALLENGES:
1. A magor challenge facing regenerative techniquesis
the ability to obtain a sufficient number of
autogenous cells for scaffold seeding.

regenerative
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2. For regeneration of the dental pulp, fabrication of
vascularized scaffoldsislikely a key requirement.

3. Advances in growth factors or drugs to control the
activity of cells must be sought ouit.

The understanding of the mechanisms underlying pulp

angiogenic responses is critical for the development of

new, targeted therapies that aim at the conservation of

dental pulp viability. However, developments in this

area have the potential to revolutionize the way that we

practice clinical Endodontics in the future.

CONCLUSION

Stem cells are critical for the physiology of the dental
pulp and for the response of this tissue to injury. Recent
findings have unveiled denta pulp stem cells as
potential therapeutic targets in cases of reversible
pulpitis. Importantly, these cells may become the
primary strategy for the revitalization of necrotic
immature permanent teeth. Such discoveries have the
potential to fundamentally change the paradigms of
conservative vital pulp and root cana therapy, and
perhaps alow for the treatment in the future of
conditions that are presently untreatable in Dentistry.
Therefore, endodontist should recognize the potential of
the emerging field of regenerative endodontics and the
possibility of obtaining stem cells during conventiona
dental treatments that can be banked for autologous
therapeutic use in the future.
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