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Abstract
During the last decade, stem cells emerged as a powerful instrument for regenerative medicine. Stem cells have
the essential ability to renewal and differentiate into other cell lineages. Besides the polemic about the use of
embryonic stem cells, adult stem cells represent a valid alternative avoiding ethical concerns. Different from others
adult stem cells, which involved invasive procedures to be obtained, dental pulp represent a useful source of stem
cells, with easy accesses. Here we focused on stem cells from human exfoliated deciduous teeth and their main
characteristics, uses in regenerative medicine, immunomodulatory proprieties and as a cell source for modeling
disease.
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Introduction
By definition, stem cells have two essentials properties, the capacity
to renewal, giving rise to more stem cells and the capacity to
differentiate into different cell lineages under right conditions. There
are two main types of stem cells: embryonic, fetal and adult stem cells.
Adult stem cells can be isolated from a variety of adult tissues as bone
marrow, adipose tissue, peripheral blood, umbilical cord, dental tissues
and others [1-12]. Dental stem cells are considered as mesenchymal
stem cells, because they adhere to plastic, are clonogenic and capable
of both self-renewal and multi-lineage differentiation, giving rise to at
least 3 distinct cell lineages, osteogenic, adipogenic and chondrogenic.
In addition, mesenchymal stem cells present CD73, CD90 and CD105
markers and never present CD45, CD34, CD14, CD11b, CD79 and
HLA-DR [8,9,13-18]. Until now, five different types of dental stem
cells have been isolated from immature and mature teeth: stem cells
from human exfoliated deciduous teeth (SHED) [8], dental follicle
progenitor cells (DFPC) [19], which are present in early stage, before
tooth eruption;; dental pulp stem cells (DPSC) [9,18]; periodontal
ligament stem cells (PDLSC) [20] and stem cells from apical papilla
(SCAP) [15] (Figure 1).

SHED
Deciduous teeth are significantly different from permanent teeth
regarding their developmental processes, function and tissue structure.
The transition from deciduous teeth to adult permanent teeth is a very
exclusive and dynamic process in which the development and eruption
of permanent teeth coordinate with the resorption of the roots of
deciduous teeth [21]. Dental pulp is a well-defined compartment of
soft tissue that retains a primitive structure similar to that of the
gelatinous tissue of the umbilical cord. In 2003, Miura and coworkers
isolated a population of multipotent stem cells from the pulp of
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exfoliated deciduous teeth [8]. SHED have been identified as a
population of clonogenic, plastic adherent, highly proliferative
postnatal stem cells capable of differentiate into odontogenic,
adipogenic, osteogenic, neural, hepatocytes and endothelial cells
[8,22-25]. Importantly, SHED are derived from a readily accessible
tissue source, human deciduous teeth that are expendable and
routinely exfoliated in childhood with little morbidity.

Figure 1: Dental stem cells. In A, stem cells from human exfoliated
deciduous teeth (SHED); in B, mature tooth, dental pulp stem cells
(DPSC), periodontal ligament stem cells (PDLSC) and stem cells
from apical papilla (SCAP).
SHED exhibit higher proliferation rates comparing to DPSC and
bone marrow-derived MSCs as well as increased population-doubling
time. In addition, stem cells characteristics are present even after
prolonged culture time, which is essential for expand cells before in
vivo application. In vitro handling revealed that SHED present
plasticity and ability to form neural-like spheres in a medium
optimized for neural stem cells [8,25,26].
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Concerning dental regeneration, SHED revealed ability to induce
bone formation, generate dentine and differentiate into other nondental mesenchymal cell derivatives in vitro, but were unable to
regenerate complete dentin/pulp-like complexes in vivo [8].

SHED Phenotypic Markers
SHED have fibroblast-like cell morphology and express early
mesenchymal stem cells markers (STRO-1 and CD146) [8]. SHED also
express several stromal and vascular related markers: anti-alkaline
phosphatase (ALP), matrix extracellular phosphoglycoprotein
(MEPE), basic fibroblast growth factor (bFGF), and endostatin. As
neural crest cell-associated postnatal stem cells, different neuronal and
glial cell markers, such as nestin, beta III tubulin, GAD, NeuN, GFAP,
NFM and CNPase, was also found in SHED [8]. Another study also
demonstrated that SHED expressed several growth factors such as
fibroblast growth factor (FGF), transforming growth factor β,
connective tissue growth factor, nerve growth factor and bone
morphogenetic protein [27]. In addition, stem cells from deciduous
dental pulp was also isolated using explant method and referred as
presenting embryonic stem cells markers (OCT4, Nanog), stagespecific embryonic antigens (SSEA-3, SSEA4) and tumor recognition
antigens TRA-1-60 [28].

Cryopreservation and Banking
SHED can be stored for long-term successfully using cell
cryopreservation solution and remains viable for use even if stored for
years. SHED isolated from cryopreserved dental pulp for over 2 years
showed similar stem cell properties when compared to SHED isolated
from fresh tissues [29]. Cells harvested near end of log phase growth
(approximately 80-90% of confluence) are best for cryopreservation.
The cells are preserved in liquid nitrogen vapor at a temperature of less
than -150°C [16,30-32]. The cryopreserved capability associated with
regenerative potential turns SHED candidates for stem cell bio
banking storage.

Roles of SHED in Regenerative Medicine
Several studies suggest the use of SHED in dental tissue engineering
[33,34]. Miura and co-workers examined the capacity of SHED to
form odontoblasts, transplanting cells into immunocompromised
mice and observed the presence of odontoblasts associated with a
dentin-like structure. However, SHED were unable to form a complete
dentine-pulp complex as observed with DPSCs in vivo [8].
SHED could be the ideal source of cells for the induction of bone
formation or for repairing damaged teeth [35], after transplant
subcutaneously in mice SHED seeded on a biodegradable scaffold
prepared inside human tooth slices. In addition, the scaffold was
vascularized when endothelial cells were co-transplanted.

In vitro and in vivo approaches to investigate the potential of SHED
to differentiate into functional angiogenic endothelium and
odontoblasts referred that they differentiated into functional blood
vessels connecting to the host vasculature. Furthermore, the
mineralized tissue generated by SHED in the pulp chamber of the
tooth slice/scaffold had morphological features of dentin, including
the presence of predentin and dentinal tubules, which distinguish it
from osteoid tissue [24].
Bone regeneration potential of SHED were also investigated using
other models. Transplanted SHED with hydroxyapatite/tricalcium
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phosphate into calvarial defect restores the parietal continuity
dynamically contributing to bone formation [36].
Several studies demonstrated that mesenchymal stem cells produce
various cytokines and these molecules are directly involved in a range
of pharmacological events of MSCs, especially in skin biology [37-40].
In a study for wrinkles caused by UV-B photo-damage, SHED or
SHED conditioned medium injected subcutaneously reduced the
wrinkles comparing with the control group. In addition, SHED had
effects on human dermal fibroblasts (HDFs) by increasing collagen
synthesis and by activating proliferation and migration activity of
HDFs, suggesting that SHED or SHED conditioned medium can be
used for the treatment of photo aging and wound healing [41].
Considering therapeutic approaches for medicine regenerative
regarding wound healing, until now, the treatment uses surgical
operations and pharmacological strategies, which usually result in
imperfect healing and scars, that causes great stress for the patient
[40,42]. Several lines of treatment have reported mesenchymal stem
cells and fibroblasts as an alternative treatment, accelerating the
wound healing through differentiation and paracrine effect [37-39].
SHED were used for wound healing and revealed similar wound repair
process to other mesenchymal stem cells [41].
Regarding neurodegenerative diseases, most of them remain
without cure or effective therapeutic approaches. Parkinson’s disease,
one of the most common neurodegenerative diseases, is caused by the
loss of dopaminergic neurons in the substantia nigra, leading to
symptoms of tremor, rigidity, and bradykinesia [43]. Intracerebral
transplantation of dopaminergic neurons or progenitors derived from
fetal neural tissues has been proved a promising approach for
Parkinson’s disease [44-47]. Recently a model to investigate a
therapeutic approach to Parkinson’s disease in rats demonstrated that
SHED is able to form neurospheres and can be induced to
dopaminergic neurons under conditions. SHED or SHED derivedspheres transplanted into the striatum of parkinsonian rats revealed
behavioral improvement until 4 weeks. However a better recovery
effect after 4 weeks could be observed just using SHED-derived
spheres [48].
SHED were also used to treat stroke, the third leading cause of
death in the world and the most frequent cause of long-term disability
in humans [49,50]. After 15 days of SHED conditioned medium
treatment to stroke a progressive improvement in motor disability was
noted in comparison with bone marrow stem cells conditioned
medium or medium only. Moreover, it was also observed a decrease in
the infarct volume, a promotion of neurogenesis and angiogenesis
after cerebral ischemia [50]. Another work regarding hypoxiaischemia mice model, revealed significant neurological recovery 24
hours after SHED injection in the injured brain and lower tissue loss
and reduced number of apoptotic cells by histopathological analyses.
The mechanism suggested is that SHED inhibited the expression of
pro-inflammatory cytokines and increased the expression of antiinflammatory ones, suggesting paracrine mechanisms involved [51].
Paracrine mechanism was also suggested by another group that treated
spinal cord injury in an acute contused rat model. After SHED
transplantation, animal improved locomotor function [52].

Immunomodulatory Properties
Stem cell therapy has been highlighted as a tool for treating diseases
without efficient therapy. There are some convincing evidences that
MSC escape from immune recognition, via interaction with a variety
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of immune cells including T and B lymphocytes, natural killer cells
and dendritic cells [53,54]. Because of this, MSC can be used against
inflammatory diseases, autoimmune diseases and hematopoietic stem
cells or solid organ transplantation [55-58]. On the other hand,
immune rejection of the transplanted cells verified by lymphocyte
infiltration was also reported [59,60].

For these reasons, dental pulp sounds to be a good source for iPSC
disease modeling, especially for neurological diseases, also considering
not just the ease for obtaining but the reprogramming facility
[100,101,103].

In the last years, immunomodulatory properties of MSC have been
tested in animal models [61-66] and them applied in human clinical
trial [57,58,67-69]. Unfortunately, for SHED little is known about their
immunomodulatory properties. An in vitro study comparing SHED
and BMMSC (Bone marrow mesenchymal stem cell) revealed that
either BMMSC or SHED failed on eliciting the proliferation of
allogenic T cells, indicating the low immunogenicity of both.
Moreover, both BMMSC and SHED inhibited the proliferation of T
lymphocytes stimulated with phytohemagglutinin, suggesting also an
immunossupresion effect [70]. In addition, another work using SHED
and also BMMSC found that SHED inhibited T helper 17 (Th17) cells
in vitro and reversed systemic lupus erythematous (SLE)-like MRL/lpr
mice after SHED transplantation by elevating the ratio of regulatory T
cells (Tregs) via Th17 cells [25].

Deciduous teeth are naturally dropped during childhood providing
a source of cells for cell therapy, tissue engineering and modeling
diseases through reprogramming techniques. The ease of harvesting,
non-involvement of bioethical issues and expansive capacity of SHED
represent a real promise for future therapies.
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