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ABSTRACT

Mesenchymal stem cells (MSCs) are non-
specialized cells that have the property of self-
renewal and differ in several ways from specialized
cells. They are identified in a large number of
adult tissues, such as skin, adipose tissue, peripheral
blood, bone marrow, pancreas, intestine, brain,
hair follicles and dental tissues, being an attractive
source for tissue engineering. Currently, as MSCs
constitute the means by which some tissues are
generated during development, they have attracted
interest to restore those tissues that are sick or
damaged after birth. In recent years, important
advances have been made in the research and
knowledge of the MSCs and their potential to be
used in cell therapies for a wide variety of medical
treatments, such as spinal cord injuries, myocardial
infarction, Parkinson's disease, diabetes, among
others. Because of their location and given that
isolating them is not an easy task as there could be
clinical complications, it is necessary to identify
accessible sources of MSCs in order to be less
invasive and traumatic, trying at the same time to
guarantee cell viability, and preserving their
proliferation and differentiation capacity. Tissues
of dental origin are considered an effective and
easily accessible source for obtaining MSCs,
collectively referred as Dental Stem Cells (DSC),
which have been shown to have the ability to
generate adherent and clonogenic cell clusters
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in vitro. In addition, they proliferative and
differentiate into several cell types, representing
an alternative to be used in regenerative medicine
to treat various types of diseases of immune,
degenerative or traumatic origin. The aim of this
review is to introduce the concept of mesenchymal
stem cells derived from several dental tissues,
describe their phenotype, differentiation capacity
and their potential use in tissue engineering.

KEYWORDS: mesenchymal stem cells, dental
pulp stem cells, gingival stem cells, stem cells of
deciduous exfoliated teeth, periodontal ligament
stem cells, dental follicle progenitor stem cells,
apical papilla stem cells, stem cells of natal dental
pulps, alveolar bone-derived mesenchymal stem
cells.

1. Introduction

Stem cells (SC) are defined as those immature and
non-specialized cells that have the ability to self-
renew for long periods through cell division
and give rise to many different cell lineages as
a result of differentiation, even without having
the morphology of a tissue-specific cell [1, 2].
This provides the opportunity to investigate the
mechanisms that regulate embryonic development,
cell differentiation and organ maintenance. Given
their proliferation and differentiation capacity,
these cells have great potential to develop
alternatives based on cell therapy. The term stem
cell was coined in 1868, from the work of the
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German Ernest Haeckel, one of the main supporters
of Darwin’s theory of evolution, who drew a
series of phylogenetic trees to represent the evolution
of descendants with common ancestors. He called
these trees “Stammbdaume” (from German to refer
to genealogical trees or “stem trees™). In addition,
he used the term “Stammzelle” (from German for
stem cells) to describe that multicellular organisms
evolved from unicellular ancestral organisms.
Therefore, the term stem cell was first used at
the end of the 19" century in the context of
fundamental issues in embryology, such as the
continuity of the germoplasm and the origin of the
blood system. The demonstration of the existence
of hematopoietic stem cells established these
cells as prototypic stem cells, as cells capable to
proliferate almost indefinitely (self-renewal) and
giving rise to specialized cells (differentiation)
[3, 4]. Currently, stem cells constitute a source
that allows tissue to be generated during development
and have attracted interest to restore those that
are sick or damaged after birth. In recent years,
important advances have been made in the
knowledge of stem cell biology and its application
in the medical field through cell therapy.
Similarly, the field of stem cell research has
grown exponentially, since it can be applied to a
wide variety of medical treatments [5], among
them those for spinal cord injuries, myocardial
infarction, Parkinson’s disease and diabetes,
representing an opportunity to improve the quality
of life of patients with such conditions [6]. The
term “stem cell” was also proposed for scientific
use by the Russian histologist Alexander Maximov
in 1909, who suggested the existence of
hematopoietic stem cells (HSC) with morphological
appearance of a lymphocyte, capable of migrating
through the blood to microecological niches, a
situation that allow them to proliferate and
differentiate.

Stem cells are classified according to their origin,
into two main types: embryonic stem cells (ES
cells) and postnatal or adult stem cells (AS cells).
ES cells are obtained from the internal cell mass
of the blastocyst (early stage embryo, consisting
of 50-150 cells), after the morula stage. These cells
are responsible for forming the three embryonic
layers (ectoderm, endoderm and mesoderm), and
are capable of developing more than 200 types of

cells, showing a totipotential capacity. In 1998,
the first line of human ES cells was established at
the University of Wisconsin-Madison. However,
obtaining and working with embryonic cells
brings with them technical and ethical problems,
since they can give rise to a human being due to
their totipotential properties, implying the sacrifice
of an embryo, and is technically difficult to
control their growth, because tumors could arise
after their inoculation. In spite of this, ES cells
continue to be a theoretically potential source for
regenerative medicine and have been used for
tissue replacement after an injury or illness, given
their capacity for expansion and pluripotentiality
[7]. AS cells, mesoderm derivates, have participation
in symmetric and asymmetric cell divisions,
maintain a pool of stem cells through cell renewal
and differentiation, and provide cells for replacement
and repair of normal or injured tissue [2, 8].
In summary, AS cells provide a promising tool
for clinical application because of their easy
accessibility, and although they have a limited
ability to differentiate, they can still give rise to
various cell lineages [6]. Thus, despite having a
reduced plasticity, AS cells represent a promising
source for application in the medical field. Their
use can eliminate problems of autoimmune origin
and the risk of transmission of pathogens, as they
can be used as an autologous transplant [6].

Another group of generated stem cells that have
interesting properties for clinical applications are
the so-called induced pluripotent stem cells (iPS).
Their generation process consists of the conversion
of somatic cells through the induction of the
transcription factors Oct-4, Sox2, c-Myc and Klf4.
iPS cells are similar to ES cells in terms of
morphology, proliferation and differentiation
capacity, genomic and epigenomic states [9].
Furthermore, stem cells can also be classified
according to their ability to differentiate into
several tissues: (1) totipotent stem cell - these can
give rise to a complete and viable organism, as
well as cells of the three germ layers (endoderm,
ectoderm and mesoderm). Only the fertilized
oocyte and cells during the early stages of cell
division after fertilization, up to the 8-cell stage,
are considered totipotent, (2) pluripotent stem
cells - these cells can give rise to all types of cells
derived from the three germ layers, but do not
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have the capacity to generate a complete and
functional organism. ES and iPS cells are considered
pluripotent and in the case of AS cells, scientific
debate continues in this regard, (3) multipotent
stem cells - these can only produce a limited
number of cell types, typically a family of closely
related cells. As an example, the hematopoietic
stem cell can only give rise to cells of the
hematopoietic system (mast cells, macrophages,
neutrophils, eosinophils, platelets, erythrocytes,
lymphocytes, etc.), (4) unipotent stem cells - these
cannot produce any type of cells that are not of
the same lineage, but have the capacity of self-
renewal, for example, the muscle stem cell [10].

2. Mesenchymal stem cells (MCSs)

Alexander Friedenstein demonstrated in the 70s of
the last century, the existence of a population of
cells in the bone marrow that were not hematopoietic
and that had the ability to self-renew and
differentiate to bone tissue [11]. Subsequently, it
was established that such cells could possess a
great capacity for proliferation and differentiation
to mesenchymal tissues that arise embryologically
from the mesodermal layer and thus, Caplan in
1991 started to use the term “mesenchymal stem
cells” (MSCs) or “mesenchymal Stromal Cells”
[12]. MSCs are pluripotent cells that have the
ability to differentiate into various cell types, both
in vivo and in vitro [2], they are nonhematopoietic
stromal cells that are found in a perivascular
niche, adherent in culture, with a spindle or
fibroblastoid morphology, besides, they have the
potential for clonogenic proliferation and the
ability to differentiate into cells of mesodermal
origin [13, 14]. It is suggested that they are
responsible for normal replacement and maintenance
of adult mesenchymal tissues and with regard to
tissue engineering, they are the most promising
cells as they exhibit plasticity towards various cell
lineages of skeletal and connective tissue origin,
such as chondrocytes, osteocytes, adipocytes,
among others [8, 15]. Due to the capacity of
MSCs to differentiate themselves in all mesodermal
cell lineages, their potential in mediating tissue
regeneration has been investigated, a situation that
has allowed us to visualize their capacity for
differentiation and pluripotentiality, since they not
only give rise to mesodermal tissues, but also

ectodermal and endodermal tissues [14]. MSCs,
represent a promising therapeutic alternative and
it has been observed that they can mediate
paracrine mechanisms independent of cell
differentiation. Currently there exists a large
number of preclinical and clinical trials in which
they are applied; however, the main obstacles that
exist are the difficulties to perform the grafts and
achieve cell survival, control of the fate of the
stem cells and the compatibility between donors
and patients in allogeneic applications. Current
efforts search to promote the registration and
creation stem of cell banks and the systematization
of the data associated with the application of these
biological materials [8]. The primary source of
mesenchymal stem cells is the bone marrow
(BM), which is considered to be the largest direct
source of stem cells. However, it is possible to
find other sources that are present within the
human body (Figure 1) such as the pancreas,
brain, dental pulp, placenta, adipose tissue, hair
follicle, synovial membrane, periodontal ligament,
peripheral blood, endometrium, umbilical cord
and its blood, amniotic fluid, bone, cartilage,
smooth, skeletal and cardiac muscle tissue, liver,
spleen, testicles, menstrual blood, periosteum,
dermis, pericytes, lung, trabecular bone, among
others [13, 15-19].

3. Phenotype of MCSs

In order to determine that MSCs have the
characteristics of cells derived from the mesenchyme,
in 2006 the International Society of Cellular
Therapy (ISCT) established the minimal criteria
that differentiate the mesenchymal stem cells
from hematopoietic cells: (1) adhesion to culture
surface, (2) surface marker expression of endoglin
CD105, ecto-5’-nucleotidase CD73 and Thy-1
CD90, (3) lack of hematopoietic markers as
CD45, CD34, CD14 or CD11b, CD79a or CD19
and HLA-DR; and (4) cell plasticity to differentiate
into osteoblasts, chondroblasts and adipocytes
[14, 20-22]. In addition to the ISCT proposal, a
classification of the CDs expressed on the MCSs
has been established, which defines that there are
two types of antigens or surface markers expressed:
(1) the most expressed markers (CD73, CD90 and
CD105), and (2) markers that defines the ability
of a cell to function as a stem cell; they are less
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expressed markers that allow a subset of MSCs to
be identified with a great multipotentiality. Both
types of markers are found not only in bone
marrow-derived MSCs (BM-MSCs), but also in
some other cells considered as stem cells [16].
Taking into account other criteria for phenotyping
MCSs, it is stated that they must have the capacity
to develop self-renewal processes, that is, during
cell division only one of the daughter cells must
initiate a cell differentiation program. In the same
way, they must be able to develop clonogenic
plasticity or differentiation towards tissues of
different embryonic layers such as ectoderm (e.g.,
neurons) and endoderm (e.g., hepatocytes). Another
condition to be MSCs, is their ability to “Homing”
or nesting, that is, the possibility of migrating and
accumulating in areas of the body where there is
an injury and therefore, greater concentration of
chemokines, since they have receptors for them
[18]. Based on current knowledge about the wide
distribution of MSCs in various tissues of the
human body, it has been established that these
cells come from blood vessels, a situation that
makes them present in virtually all tissues of the
human body. Therefore, the number of stem cells
in each tissue is limited, and they do not divide
under normal circumstances as they are inactive;
however, when tissue damage or injury occurs,
they act by dividing and differentiating, since
their main function consists in repair [23]. A
situation that must always be considered in the
study of MSCs is that adult tissues and their
regeneration capacity depend on their stem cell
populations, which are stably renewed and
provide a progeny with the ability to differentiate
into specialized cells and, due to their location,
MSCs have different names depending on the
tissue of origin, such as hematopoietic, mesenchymal,
endothelial, mammary, intestinal, neural, skin,
muscle, dental pulp, hair follicle stem cells, etc. [24].

4. Mesenchymal stem cells derived from dental
tissues

Due to their diverse locations within the human
body, isolating MSCs is not an easy task, mainly
because of the complications that can ensue.
Hence it is necessary to identify those sources that
allow a less invasive method without affecting
their proliferation capacity. Therefore, currently

dental tissues are considered an effective and
easily accessible source for obtaining MSCs [25],
which have been collectively called Dental Stem
Cells (DSCs) [26]. Dental organs can be lost by
natural exfoliation [27], as occurs in temporary
dentition after the age of 6 years and due to
pathological reasons such as periodontal disease,
trauma or surgically as in the case of third molars,
which can be extracted by therapeutic indication
of orthodontics or oral prostheses [28], being a
recurring clinical-dental practice. Since they can
be the cause of other affectations [29] and being
the last dental organs to erupt, they are in a more
advanced state of embryonic development [30].
Interestingly, DSCs can also be obtained from
damaged dental tissues, and their properties are
similar to those obtained from healthy tissues
[26]. In recent years, various types of adult stem
cells have been isolated from: (1) Dental pulp
stem cells (DPSCs), (2) Gingival stem cells (GSCs),
(3) Stem cells of deciduous exfoliated teeth
(SHED), (4) Periodontal ligament stem cells
(PDLSCs), (5) Dental follicle progenitor stem
cells (DFPCs), (6) Apical papilla stem cells
(SCAPs), (7) Stem cells of natal dental pulps
(NDP-SCs), and (8) Alveolar bone-derived
mesenchymal stem cells (ABMSCs) [15, 26, 28,
31-36] (Figure 2). Through the investigations
carried out so far, it has been observed that DSCs
are cell populations similar to MSCs, in addition
to their ectomesenchymal origin, which means,
they can show characteristics of both mesoderm
and ectoderm. This fact is very important, since
the association of mesenchymal and epithelial
cells is necessary to regenerate or build a new
tooth [26]. It is a relevant fact to mention that
DSCs have a capacity for self-renewal and
multidifferentiation potential, being able to
differentiate into  osteoblastic, odontogenic,
dentinogenic, cementogenic, adipogenic,
chondrogenic, myogenic and neurogenic tissues,
and still maintain their multipotent properties after
short-and long-term cryopreservation [36]. Some
of their characteristics and similarities are shown
in Table 1.

4.1. Human dental pulp stem cells (hDPSCs)

The search for alternative lineages to obtain MSCs
has been part of the work in this field, since the
bone marrow obtention shows limitations such as
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Figure 2. Schematic view illustrating the different sources of MSC derived from human dental tissue (DSCs) and
the timeline about the historical aspects of their isolation and characterization. hDPSCs: human dental pulp stem
cells, GMSCs: gingival stem cells, SHED: stem cells of human exfoliated deciduous teeth, PDLSCs: periodontal
ligament stem cells, DFPCs: precursor cells of the dental follicle, SCAPs: stem cells of the dental apical papilla,
NDP-SCs: stem cells of human natal dental pulps, HABMSCs: human alveolar bone-derived mesenchymal stem cells.

the risk of taking the sample and the donor’s own
health condition. Therefore, the use of the less-
invasive MSC lineages such as hDPSCs, that have
a greater proliferation capacity, is an alternative to
obtain pluripotent cells. Human dental pulp stem
cells have greater advantages over those derived
from bone marrow, adipose tissue, peripheral
blood or umbilical cord blood, since their sources
are teeth extracted by therapeutic indication, with
fewer post-surgical complications and involving
few ethical implications [37]. Dental pulp is a soft
connective tissue located inside the dental crown
divided into four cell layers: (1) the outer layer
composed of odontoblasts that produce dentin, (2)
the second layer is poor in cells and rich in
collagen fibers, (3) the third layer contains
progenitor cells and undifferentiated cells, some

of which are considered stem cells. From the last
layer, undifferentiated cells migrate to various
places where they can differentiate under different
stimuli and create new differentiated cells and
tissues, (4) the innermost layer is the central pulp
chamber of the dental pulp and comprises the
vascular area containing nerves [8]. Human dental
pulp stem cells were discovered by Gronthos et.al.
in 2000, who described them as a new type of
adult human dental pulp stem cells with the ability
to differentiate into odontoblasts/osteoblasts,
adipocytes and neuronal cells [38]. Since hDPSCs
are considered as a population of MSCs, the same
surface markers have been wused for their
characterization. In addition to CD146 and STRO-1,
DPSCs are positive for other stromal-associated
markers, such as CD9, CD10, CD13, CD29,
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Table 1. Profile of the surface markers and potential for differentiation of stem cells derived from dental
tissues (DSCs). hDPSCs: human dental pulp stem cells, GMSCs: gingival stem cells, SHED: stem cells of
human exfoliated deciduous teeth, PDLSCs: periodontal ligament stem cells, DFPCs: precursor cells of the
dental follicle, SCAPs: stem cells of the dental apical papilla, NDP-SCs: stem cells of human natal dental
pulps, HABMSCs: human alveolar bone-derived mesenchymal stem cells.

Type of Tissue Markers Potential of Ref
DSCs origin differentiation eterence
Positives Negatives
CD146, STRO-1,
CD9, CD10,
CD13, CD29, Odontoblasts,
CD44, CD73, Osteoblasts, Adipocytes,
CD90, CD105, Neuronal Cells,
CD106, CD166, Chondrocytes, [6] [13] [17]
CD271, CD14, CD34, Myocytes, [25] [26] [35]
hDPSCs Dental pulp Oct-4, Nanog, CD45, Cardiomyocytes, [37]1 [38] [39]
Sox-2, Nestin, HLA-DR Melanocytes, [40] [41] [42]
Vimentin Hepatocytes, Epithelial [58] [77] [78]
ALP, COL1, ON, Cells of the Cornea,
OPN, OCN, Melanoma Cells, iPS,
BSP, Insulin Producing Cells
a-Actin, COL3,
FGF2
CD13, CD29, Oste%arl]astz, Adipocytes,
CD44,CD73, | CD14,CD34, i [25] [43]
GMSCs Gum CD90, CD105, CD45, Neuronal Cells ' [44][45] [46]
CD146, STRO-1, HLA-DR Endodermal Iinea’ge [76]
Oct-4, SSEA-4
cells
STRO-1, CD146,
CD13, CD29,
CD44, CD73,
CD90, CD105,
De”tglcp“'p CD166, SSEA4 | CD14, CD34, oSteo(t?gZ?stoglgf;Z’cytes [47] [48] [50]
SHED deci Nestin, CD45, ' ‘ [51] [52]
eciduous . Neuronal Cells,
teeth pin-tubulin, HLA-DR Endothelial Cells
GAD, NeuN,
GFAP, NFM
CNPase, Sox-9,
COL2, CcOoL10
STRO-1, CD146,
SéI[e)rl%qéggg Osteaoblasts,
_ CD26, CD26. CD14 CD19, Cem(_entoblasts, [13] [25] [26]
Periodontal Adipocytes, [42] [53] [54]
PDLSCs ligament CD29, CD44, CD34, CD45, Chondrocytes, Collagen- | [55] [56] [57]
CD59, CD73, HLA-DR forming Cells [56]
CD90, CD105, Insulin-producing Cells
CD106, CD146,
CD166
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Table 1 continued..

Type of Tissue Markers Potential of Ref
DSCs origin differentiation eterence
Positives Negatives
STRO-1, CD13,
CD29, CD44, Periodontal Ligament
CD56, CD73, Fibroblast, Enamel
Dental CD90, CD10s, CD34, CD45, Matrix Derivates,
Follicle of CD271, CD117 Osteoblasts, Adipocytes, | roc1 ot o0
DFPCs oflicte 0 HLA-ABC, ’ Cardiomyocytes, [25] [26] [60]
Teeth in CD133 [62] [63]
formation Oct3/4, Sox-2, HLA-DR Chondrocytes, Neurons,
Nanog, Notchd, Hepatocytes, Salivary
BllI-tubulin, P75, Gland Cells, Ductal
HnK1, GAPF, Cells
Nestin
STRO-1, CD146,
CD24, CD13,
CD29, CD44,
CD49, CD51, Osteoblasts,
Apical CD56, CD61, CD14, CD18, Odontoblasts,
SCAPs Papilla of CD73, CD90, CD34, CD45, Adipocytes, [13] [25] [26]
Teeth in CD105, CD106, CD117, Chondroblasts, [65] [66] [67]
formation CD146, CD166, CD150 Neurogenic Cells,
Oct3/4, Sox-2, Hepatocytes
Nanog, Notch3
Vimentin,
Survivin
CD13, CD29,
CD44, CD73,
CD90, CD146,
CD166,
HLA-ABC
Nanog, Rex-1, Adipocytes,
Dental Pulp Oct-4, Sox-2, CD14, CD34, Chondroblasts, 2511681 [69
NDp.scs | Of Nataland | FoxD3, COLL, | CD45, CD106, Osteoblasts % o} EYl} E7 2}
Neonatal | COL2 OCN, ON, CD117, Myocytes [73]
Teeth OPN, BMP-2, HLA-DR Neurogenic cells
BMP-4, Pancreatic Islet Cells
Desmin, Nestin,
Vimentin,
GFAP,
Myogenin,
BllI-tubulin
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Table 1 continued..
Type of Tissue Markers Potential of Reference
DSCs origin differentiation
Positives Negatives
Osteablasts,
CD73, CD90, Chondroblasts
HABMCSs Ag’gﬁéar CD105, CDl(;lI,DSSDM, Adipocytes [74] [75] [76]
STRO-1 Muscle
Neuronal Tissue

CD44, CD73, CD90, CD105, CD106, CD146,
CD166 and CD271 and are negative for
hematopoietic markers, such as CD14, CD34 and
CD45, and HLA-DR, although some works have
reported a positive expression of CD34. The
collection of dental pulp stem cells is a common
non-invasive surgical practice that can be
performed specially in adults, with the third molar
pulp tissue being the most common source, as
they are often discarded. Undifferentiated hDPSCs
also express Oct-4, Nanog and Sox-2, besides the
cytoskeletal proteins nestin and vimentin, all of
which are characteristic of undifferentiated ES.
In addition to the aforementioned stem cell markers,
DPSCs show positive expression for a variety of
markers associated with bone tissue, such as
alkaline phosphatase (ALP), type | collagen
(COL1), osteonectin (ON), osteopontin (OPN),
osteocalcin (OCN) and bone sialoprotein (BSP),
smooth muscle a-actin and from fibroblasts, the
type Il collagen (COL3) and fibroblast growth
factor 2 (FGF2) [7, 18, 26, 39]. With the work of
Shinya Yamanaka and John Gurdon in 2012 about
iPSs derived from adult somatic cells, it was
proposed that stem cells derived from human
dental pulp can develop iPSCs and be used in
various therapies for human diseases [18]. There
are very promising clinical trials on the treatment
of diseases such as type 1 diabetes, neurological
diseases, immunodeficiencies and bone and
cartilage diseases through the use of hDPSCs [38,
40]. These cells have a rapid cell division and
proliferation time, possess immunosuppressive
properties and tend to form a pulp-dentine
complex similar to the natural one. In terms of
their ability to differentiate in vitro, it has been
established that due to the acquisition of specific

genetic markers, they can be differentiated into
osteoblasts, chondrocytes, myocytes, cardiomyocytes,
melanocytes, hepatocyte-like cells, adipocytes, active
neurons, epithelial cells of the cornea, melanoma
cells and even induced pluripotent stem cells (iPS)
[14, 36, 41]. Their differentiation to a specific cell
lineage is mainly determined by the components
of the local microenvironment, such as, growth
factors, receptor molecules, signaling molecules,
transcription factors and extracellular matrix proteins
[27, 42-43].

4.2. Gingival stem cells (GMSCs)

The gum is the band of tissue of the masticatory
mucosa that surrounds the necks of the erupted
teeth and is attached to the alveolar bone of the
dental cavities. It is recognized as an immunological
barrier of the oral mucosa and as a component
of the periodontium. Embryologically, the gum
connective tissue is derived from both the neural
crest and the mesenchyme. Histologically, the
gum is composed of three layers: an epithelial
layer, a basal layer and a lower spinous layer
that is similar to the dermis and anatomically
divided into: (1) free gum, (2) gum inserted and
(3) interdental gum. Zhang and his collaborators
in 2009 were the first to report the isolation of
GMSCs from the spinous layer of the human gum.
The gum represents the most accessible, abundant,
conservative and minimally invasive source for
the isolation of stem cells from the oral cavity,
which can be isolated by enzymatic digestion or
by culture of explants from normal gum or with
gingivitis or hyperplasia, and from the attached
and free gum. Periodontal lesions have a potential
for regeneration given the presence of cells
similar to MSCs, which have immunophenotypic
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characteristics similar to those found in healthy
periodontal tissue [26, 44]. The GMSCs have the
characteristics that the International Society of
Cellular Therapy (ISCT) suggest for multipotent
mesenchymal cells; they attach onto the culture
surface when they are maintained in standard
culture, proliferate in vitro, show fibroblastic
morphology, form colonies and have the capacity
to differentiate into adipocytes or osteocytes.
Additionally, the GMSCs derived from individual
colonies have in vivo self-renewal and differentiation
capabilities, high proliferation and duplication
rates [45]. They show a stable phenotype and
maintain a normal karyotype and telomerase
activity in long-term cultures. With regard to the
expression of surface markers, GMSCs are
positive for CD13, CD29, CD44, CD73, CD90,
CD105, CD146, STRO-1, Oct-4 and SSEA-4.
They lack expression of the hematopoietic
markers CD14, CD34 and CD45, and HLA-DR.
Gingival tissues can be obtained with minimally
invasive procedures at any time in life [26, 46-
47]. Therapeutically, these cells have been used
to repair skin wounds, periodontal lesions and
regeneration of bone defects. They are also known
to have antitumor effects [44].

4.3. Stem cells of exfoliated deciduous teeth
(SHED)

During the change of temporary teeth to adult
permanent pieces, their development and eruption
is coordinated by the resorption of the roots of the
temporary teeth [14]. Thus, after the physiological
detachment of the temporary pieces the pulp
tissue remnants in the site represent an alternative
and easily accessible MSC source.

Stem cells of exfoliated deciduous teeth (SHED)
were first identified by Miura et al. in 2003 [48]
and it has been suggested that exfoliated teeth
have similarity to the umbilical cord because they
contain stem cells that can offer a unique resource
with possible clinical applications due to their
pluripotent capacity and regenerative potential,
with SHED being considered a unique population
of human postnatal MSCs [49-53]. SHED have
a high proliferation rate, even more than those
of dental pulp, periodontal ligament and bone
marrow; they also have a clonogenic and self-
renewal capacity and, similar to the MSCs, exhibit

a fibroblast-like morphology, and adhere to the
surface of tissue culture plastic. They can be
isolated and expanded in ex vivo conditions, and
also they have high biosecurity because they are
autologous and non-immunogenic, with fewer
controversies associated with morality and ethics.
SHED express ES markers, in addition to
multipotential differentiation capacity towards
odontoblasts, osteoblasts, adipocytes, neuronal
and endothelial cells [48-49, 51-53]. SHED
express the mesenchymal STRO-1 and CD146, in
addition to CD13, CD29, CD44, CD73, CD90,
CD105, CD166 and SSEA4 and are negative for
CD14, CD34, CD45 and HLA-DR. They are also
positive for several neuronal and glial markers,
such as nestin, Plll-tubulin, glutamic acid
decarboxylase (GAD), neuronal nuclei (NeuN),
fibrillar glial acid protein (GFAP), neuro filament
M (NFM) and 2, 3- Cyclic nucleotide-3'-
phosphodiesterase (CNPase), possibly due to the
origin of the neural crest of the dental pulp.
Likewise, they have been shown to express the
chondrogenic markers Sox-9, type Il collagen
(COL2) and type X collagen (COL10) [26-27, 48].

4.4. Periodontal ligament stem cells (PDLSCs)

The periodontal ligament is one of the highly
specialized and complex connective tissues of the
human body; it is located between the cement and
the inner wall of the alveolar bone cavity. The
periodontal ligament not only plays an important
role in the support of the teeth, but also contributes
to dental nutrition, homeostasis and repair of
damaged tissue and contains a heterogeneous cell
population, including the epithelial Malassez’
rests [14, 54]. Periodontal tissues arise from cells
that migrate from the neural crest during tooth
development; however, stem cells derived from
the periodontal ligament (PDLSCs) obtained from
mature periodontal ligaments possess properties
of stem cells similar to MSCs instead of the neural
crest cells. PDLSCs were first isolated in 2004 by
Seo [55] and by Trubiani in 2005 [54]. These cells
can be obtained from periodontal ligament tissue
after their separation from the root surface of
the extracted third molars [26], which can be
expanded ex vivo and provides an exceptional
reservoir of autologous stem cells with phenotype
similar to BM-MCSs, but with greater cell
proliferation, and a capacity for self-renewal.
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It has been shown that when cultured, they reach
up to fifteen passages without showing signs of
senescence. Primary cultures of PDLSCs present
colonies of bipolar fibroblastic cells with oval
nuclei that contain two or three nucleoli and
through ultrastructural analysis, they show a large
cytoplasm, large amounts of rough endoplasmic
reticulum, abundant mitochondria, lysosomal bodies
and a dispersed chromatin nuclei, indicating a
state of active genetic transcription. Its cytoplasmic
membrane makes contact with neighboring cells
and has numerous filopodia; desmosome junctions
can also be detected [54, 56]. The pluripotent
capacity of PDLSCs as well as MSCs is proved by
the expression of the STRO-1 and CD146
markers, which means that these cells might even
be derived from a population. They presented
specific high levels of scleraxis, a selected
transcription issue of the sinew. In addition to the
above, they express the surface markers CD9,
CD10, CD13, CD26, CD29, CD44, CD59, CD73,
CD90, CD105, CD106, CD146 and CD166, and
are negative for CD14, CD19, CD34, CD45 and
HLA-DR. They also express the following
proteins: CLPP, NQO1, SCOT1, a new isoform of
TBB5 and DDAHL1 that are not present in BM,
involved in cell cycle regulation and that react to
stress, orientation and detoxification. It has been
shown that PDLSCs are multipotent and have
great plasticity, as they have the ability to
differentiate into osteoblasts, cementoblasts,
adipocytes, chondrocytes and collagen-forming
cells, in addition to insulin-producing cells, which
implies that these cells could also generate cells
of the endodermal lineage. Finally, they have
the capacity of pluripotentiality being able to
differentiate into cells of the three germ layers
[14, 26-27, 43, 54-59].

4.5. Dental follicle progenitor stem cells (DFPCs)

The dental eruption through osteoclastogenesis
and osteogenesis is regulated by the dental follicle
which is an ectomesodermic coat of fibrous
connective tissue that surrounds the enamel organ
and the dental papilla of the developing dental
germ before the eruption. Cementoblast, periodontal
ligament and osteoblast are derived from dental
follicles that regulate the dental eruption and have
progenitor clonogenic and fibroblastoid cells that
allow the periodontium formation [26, 60-63].

The dental follicle progenitor stem cells (DFPCs)
are the most commonly isolated cells of the
follicular sac of third molars removed, and unlike
those derived from BM can be easily collected, in
a less invasive way and without ethical problems,
presenting great capacity to adhere to the plastic
surface and self-renewal in cell culture. Comparing
them with other stem cells derived from dental
tissues, the DFPCs have great proliferative
capacity, superior pluripotentiality and a high
immunosuppressive effect, and, like those derived
from the apical papilla, represent a group of cells
derived from developing tissue, a situation that
gives them greater plasticity and favors their use
in tissue engineering [60, 61-62, 64]. Due to their
pluripotentiality, DFSCs can differentiate into
periodontal ligament fibroblasts [27], enamel matrix
derivatives, osteoblasts, adipocytes, cardiomyocytes,
chondrocytes, neurons, hepatocytes, salivary
gland cells and ductal cells under appropriate
induction conditions. Likewise, combining different
scaffolds in suitable microenvironments, they can
form different tissues. Recently, it has been
discovered that DFSCs perform immuno-
suppressive functions for innate and acquired
immunity systems and have been used in the
treatment of autoimmune diseases, allergic diseases
and inflammatory diseases in animal models [14,
60, 61]. Regarding the expression of markers,
DFSCs express STRO-1, Oct3/4, Sox-2, Nanog,
Notchl, beta-lll-tubulin (an early neuronal
marker), markers of neural crest (P75 and HnK1)
and glial stem cells (GFAP), as well as nestin,
both in the nucleus and in the cytoplasm and are
also positive for CD13, CD29, CD44, CD56,
CD73, CD90, CD105, CD271 and HLA-ABC
which indicates that these cells are mesenchymal
and pluripotential. Likewise, they are negative for
markers of hematopoietic lineage CD34, CD45,
CD117,CD133 and HLA-DR [26, 61, 63, 64].

4.6. Apical papilla stem cells (SCAPS)

In 2006, Sonoyama and collaborators were the
first to describe the presence of stem cells derived
from the apical papilla of permanent teeth and
human exfoliated deciduous teeth (SCAPs) [65].
The apical papilla is the tissue of the apical part of
what during the embryological development of
the tooth is known as the dental papilla, involved
in the interactive process between the mesenchyme
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and buccal epithelium that leads to the
development of the tooth. To refer specifically to
the apical part of the papilla, at least two thirds of
the root of the developing dental organ must have
been formed, since the formation of the root
begins as the cervical loop epithelial cells proliferate
apically and influence the differentiation of
odontoblasts from undifferentiated mesenchymal
cells and cementoblasts from follicular mesenchyme.
Histologically, there is an area rich in cells that
lies between the apical papilla and the pulp. The
apical papilla is different from the pulp in terms of
containing fewer cellular and vascular components;
however, the apical papilla contains a greater
number of MSCs than the pulp tissue. Although
both the dental pulp and the apical papilla are
basically a continuity with each other, when the
pulp is affected by an injury, the apical papilla
responds trying to control the damage and tends to
survive due to its accessibility to an apical
collateral circulation. The apical papilla and
therefore the SCAPs can be easily isolated after a
dental extraction, although they can only be
isolated at a specific stage of dental development,
since the apical papilla evolves into dental pulp
during the formation of the crown and the root.
These types of cells are characterized by their
great plasticity, high proliferative potential,
capacity for self-renewal, pluripotentiality, low
immunogenicity, clonogenicity and have a
fibroblastic form. SCAPSs have shown better
proliferation properties than DPSCs and it has
been confirmed that cryopreservation does not
affect their biological and immunological
properties nor does it affect its cell regeneration
potential [26, 65-67]. The SCAPs differentiate
into different cell types such as osteoblast,
odontoblasts, adipocytes, chondroblast, neurogenic
cells and hepatocytes; the differentiation process
depends on the media used. The SCAPs develop
near highly vascularized and innervated locations;
thus it can be a good therapeutic alternative for
the regeneration of damaged tissues caused by
several diseases.

SCAPs could be the source of primary odontoblasts
involved in the development of root dentin, in
contrast to DPSCs, which are probably involved
in the formation of restorative dentin [66-68]. Due
to their perivascular location of the SCAPs, they

show positive expression of the STCS-1 and
CD146 MSCs markers, although some differences
have been found in the amount of expression due
to the different positions in the forming dental
root, which also defines the orientation towards
a specific lineage at the time of differentiation.
It has been found that the CD24 pluripotency
marker is directly related to this type of cells, and
research of SCAPs’ differentiation to osteoblasts
showed that an increase in the level of alkaline
phosphatase (ALP) and a decrease in CD24
indicate that the cells have started to leave their
undifferentiated state. These cells positively
express CD13, CD29, CD44, CD49, CD51,
CD56, CD61, CD73, CD90, CD105, CD106,
CD146, CD166, Oct 3/4, Sox-2, Nanog, Notch 3,
vimentin and survivin. In addition to these
superficial and intracellular molecules, the
secretome of SCAPs have also been well
described, since they have been shown to release a
total of 2046 proteins, including chemokines,
angiogenic  factors, immuno  modulators,
antiapoptotics, neuroprotectors and extracellular
matrix proteins. Significantly, they secrete more
chemokines, neurotrophins and proteins that
participate in metabolic processes and transcription
compared to BM-MCSs. SCAPs are negative for
CD14, CD18, CD34, CD45, CD117 and CD150
markers [14, 26-27, 66-68].

4.7. Stem cells of human natal dental pulps
(NDP-SC)

Natal teeth are deciduous teeth that are present in
the newborn and erupt in the first 30 days after
birth. They are smaller than primary teeth and
have little or no root development. Its incidence is
very rare; however it is estimated that they occur
in 1 of every 2000 or up to 3500 births. They are
considered to be supernumerary pre-deciduous
teeth (<10%) or series of deciduous teeth of
premature eruption (> 90%), which tend to appear
instead of lower primary central incisors (85%).
For these types of teeth a tooth extraction is
indicated, as they can induce deformity or mutilation
of the tongue, which leads to dehydration,
inadequate absorption of nutrients by the infant,
followed by stunted growth and risks to the
mother during lactation. The extracted teeth are
normally considered a biological waste; however,
the dental pulp present within the tooth is a
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rich source of stem cells (NDP-SCs), which can
potentially be used for regenerative medicine [26,
69-71]. HNDP-SCs were characterized by Karadz
et al. in 2010, who described them as a population
similar to stem cells, metabolically active and at
the peak of their activity, expressed markers of
embryonic MSCs but did not exhibit that of
hematopoietic markers. Research has shown that
NDP-SCs show greater proliferation activity than
SHED and DPSCs. From the work carried out to
analyze the differentiation potential of NDP-SCs,
their ability to move towards adipogenic,
chondrogenic, osteogenic, myogenic and neurogenic
lineages and similarly, a successful in vitro
differentiation of NDPSCs into cells that were
morphologically similar to pancreatic islet cells
have been demonstrated [71-73]. They express the
surface markers CD13, CD29, CD44, CD73,
CD90, CD146, CD166 and HLA-ABC, while the
CD14, CD34, CD45, CD106, CD117 and HLA-
DR markers are negative. In addition, they also
express detectable levels of the embryonic stem
cells markers Nanog, Rex-1 and Oct-4, as well as
the transcription factors Sox-2 and FoxD3,
suggesting that these cells show some of the
characteristics of pluripotentiality. The NDP-SC
expresses a positive reaction for the osteogenic
markers COL1, OCN, ON, OPN, BMP-2 and
BMP-4, for some myogenic markers, such as
desmin and myogenin, the chondrogenic marker
COL2, as well as for the nestin neural markers,
vimentin, GFAP and BllI-tubulin [26, 74].

4.8. Human alveolar bone-derived mesenchymal
stem cells (HABMSCs)

Bone marrow stromal cells (BMSCs) can be
differentiated into a variety of tissues such as
bone, cartilage, tendon, muscle, adipose tissue and
neuronal tissue, and their transplantation promotes
the regeneration of various tissues. BMSCs have
been isolated from several bones, including iliac
crest, femur, tibia and spine, but it is unknown
if their proliferation and differentiation potentials
depend on their location in vivo. The use of bone
marrow cells is common in regenerative medicine.
However, their obtention has several complications
as bone marrow aspiration is an invasive and
traumatic procedure.

BMSCs derived from the alveolar bone have been
obtained as an alternative and less invasive source

of MSCs and by virtue of the fact that it is feasible
to obtain them during the surgical extraction of
third molars [75]. Matsubara et al. reported in
2005 the successful isolation and culture of
mesenchymal stem cells derived from human
alveolar bone (HABMSC). This type of cells, like
other DSCs, show a fibroblast-like morphology,
in the form of a spindle, with clonogenic capacity
and adhesion to plastic and a greater osteogenic
proliferation and differentiation than those
obtained from this same source of long bones and
iliac crest. This could provide an advantage for
bone regeneration at the orofacial level; however,
since the amount of these cells could be lower
compared to that from other bones, a reliable and
safe cell expansion protocol should be established
when ABMSCs are used in clinical trials. These
cells express the surface markers CD73, CD90,
CD105 and STRO-1 but do not express the
hematopoietic markers CD14, CD34 and CD45
[76, 77].

5. Conclusions

Nowadays, during the treatment of several
diseases that provoke tissue losses or cause
irreversible tissue damage, stem cell obtention and
its use is one of the main goals to be achieved.
Thus, several research groups are seeking
methods to obtain these cells using less-invasive
and -traumatic procedures that guarantee the
viability, proliferation and pluripotentiality of the
cells obtained. As was explored in this review,
several lineages of dental stem cells can be
obtained from patients after dental extraction
surgery, such as DPSCs, GSCs, SHED, PDLSCs,
DFPCs, SCAPs, hNDP-SCs and HABMSCs.

The advantages of the stem cells obtained from
dental tissues are among others, their pluripotent
phenotype, the proliferation characteristics during
several culture passages and the possibility to
obtain specific cell types depending on the culture
conditions that induce their differentiation. Thus,
these tissues represent a promising autologous
source for tissue regeneration. Autologous cells
have been privileged to bypass immunological
barriers, diminishing the immunological reject
risk of the differentiated cells obtained. More
multidisciplinary studies are necessary in order to
advance in this matter.
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