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Abstract: The generation of dental structures depends upon the manipulation of stem cells and requires a synergy of all cellular and molecular
events that finally lead to the formation of tooth-specific hard tissues, dentin and enamel. Five different types of dental stem cells have been
isolated from dental soft tissues: dental pulp, apical papilla, dental follicle and periodontal ligament. The characteristic features of these cells
have been explored. They express various arrays of biomarkers including those specific for mesenchymal and/or embryonic stem cells. In
vitro and in vivo studies have revealed that these stem cells varied in their proliferation and differentiation potential. Recent studies have
demonstrated their wide range of plasticity and their potential use for regenerative medicine and dentistry. This review focuses on the different
sources of dental stem cells and discusses their potential use in regenerative medicine. Nevertheless, the development of biological approaches
for dental reconstruction using stem cells is promising and remains one of the greatest challenges in the dental field for the years to come.
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1. Introduction

Tooth development results from sequential and
reciprocal interactions between the oral epithelium and
the underlying neural crest-derived mesenchyme [1,2].
Compared with bone marrow mesenchymal stem cells
(BMMSCs), odontogenic stem cells show more
odontogenic differentiation than bone differentiation.
Odontogenic stem cells are derived from the cranial
neural crest, also known as ectomesenchymal stem cells,
and have pluripotent differentiation potentials such as
mineralization, cartilage, fatization, and neurotoxicity
[3,4]. Therefore, odontogenic stem cells are an ideal
seed cell for tooth regeneration, which has good
research value and application prospect in dental tissue
engineering.

At least five types of odontogenic stem cells have
been isolated and identified [5], dental pulp stem cells
(DPSCs), periodontal ligament stem cells (PDLSCs),
Stem cells from human exfoliated deciduous teeth
(SHED), stem cells from the apical papilla (SCAP),
dental follicle stem cells (DFSCs), and so on. In this
review, the biological characteristics of these five kinds
of odontogenic stem cells and their applications in

dental tissue engineering are summarized.

2. Dental Pulp Stem Cells (DPSCs)

In 2000, Gronthos et al. [6] isolated the first MSC
like cells from the human dental pulp tissue of adult
third molar. It is proved that dental pulp stem cells have
good self-proliferation ability and multi-directional
differentiation potential, and the most important
characteristic is that they can differentiate into
odontoblast and participate in the formation and repair
of dentin. Yang et al. [7] suggested that stromal cell
antigen (STRO-1) positive pulp cells differentiate into
odontoblast cells, whereas STRO-1-negative dental
pulp cell populations show fibroblast-like cells
Phenotype. Abe et al [8] from the development of
complete human apical root canal cells removed from
the apical pulp cells, with the ability to induce hard
tissue. Takeda et al. [9] isolated DPSCs from the tooth
germs in the bell stage and found that these cells had a
strong ability to proliferate and have the potential to
form dentin-like matrices. Cavaleant [10] and other test
DPSCs can express dentin saliva (DPSC), which can
also form neurospheres and express a variety of neural
stem cells in serum-free medium, indicating that DPSCs
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contain the neural crest-derived primitive cells.

A large number of studies in vivo on DPSCs have
been carried out. The DPSCs have been expanded in
vitro and then combined with hydroxyapatite/tricalcium
phosphate (HA/TCP) scaffolds for subcutaneous
transplantation in nude mice. After a few weeks the pre-
dentin, mineralized dentin, odontoblast layer and pulp
tissue typical pulp-dentin complex-like structure were
formed. Using the third molar of DPSCs as the seed
cells, the problem of immune rejection can be avoided,
and the third molar is the tooth with the latest eruption
time in the oral cavity, and the pulp should contain more
undifferentiated cells, which is more favorable for seed
cells.

3. Periodontal Ligament Stem Cells (PDLSCs)

In 2004, Seo et al. [11] isolated PDLSCs from the
human periodontal ligament. Stem cell niches were
located around the blood vessels [12]. These cells
expressed early markers of mesenchymal stem cells
(STRO-1, CD106, CD146, etc.), bone markers (type I
collagen, alkaline phosphatase, osteocalcin,
osteopontin) and specific tendon transcription factor
Scleraxis [13]. Recent studies have shown that
periodontal ligament cells containing multiple cell
subtypes, can be divided into two phenotypes:
osteoblastic phenotype (fibroblastic phenotype) and
fibroblast phenotype (fibroblastic phenotype). It is a
group of heterogeneity and differentiation potential of
the cell population. These subtypes of cells can be in
different stages of differentiation or have a different
trend of differentiation, under certain conditions can be
differentiated into osteoblasts, fibroblasts and
cementoblasts [14].

Periodontal ligament stem cells have been regarded
as ideal seed cells for periodontal defect repair and
periodontal tissue regeneration. Seo attached PDLSCs
to the scaffold material with subcutaneous
transplantation in nude mice, and formed the
cementum-like material on the surface of mineralized
material, and a certain angle with the sand into the
mineralized material. This structure was different from
that of DPSCs or BMSCs. Kramer et al. [15] co-
cultured PDLSCs with BMSC, and found that
osteopontin and osteopontin expression of BMSC
increased significantly, while the expression of bone
sialoprotein was significantly reduced, reflecting the
co-culture of BMSC could get the characteristics of

periodontal ligament cells. Zhao et al. [16] found that
the PDLSCs layer was wrapped into completely
dislocated root and reset, the new periodontal tissue can
be observed. PDLSCs were transplanted to the alveolar
bone defect area, and promoted the periodontal tissue
reconstruction and fiber attachment. PDLSCs can be
isolated from cryopreserved periodontal ligament and
maintain their stem cell characteristics. These studies
established the experimental foundation for the clinical
application of PDLSCs in periodontal tissue
regeneration.

4. Stem Cells from Human Exfoliated Deciduous
teeth (SHED)

In 2003, Miura et al. [17] isolated SHED in the
active pulp of deciduous teeth. Compared with DPSCs,
SHED showed a stronger proliferation rate and
population doublings (PDs), but the proliferation rate
was about 50 % [18]. Nakamura et al. [19] compared
gene expression profiles of SHED and DPSCs, and
found that 4386 genes were differentially expressed.
SHED was particularly involved in cell proliferation
and extracellular matrix-related genes, cytokines such
as fibroblast growth factor and tumor growth Factor
expression was significantly higher. SHED can
differentiate into neural cells, adipocytes and
odontoblasts in vitro. The cells not only express the
markers of STRO-1 and CD146, but also express
embryonic stem cell surface antigens such as Oct4,
Nanog, SSEA-3/4, so sometimes the SHED was
thought to the immature DPSCs [20].

Miura implanted the expanded SHED in vitro and
hydroxyapatite / tricalcium phosphate scaffold material
into nude mice subcutaneously, the formation of dentin-
like structure, and the expression of dentin
sialophosphoprotein (DSPP), dentin matrix protein
DMP1 and MEPE were detected, but cannot form the
dentinal-pulp complex structure like DPSCs.
Casagrande et al. [21] implanted SHED and tooth slice
into nude mice subcutaneously , and found that cells can
be induced to express dentin markers, but with the
deproteinized tooth slice or blocking the BMP2 signal
pathway SHED cannot be induced differentiation,
therefore it is inferred that dentin-derived BMP2 may
be an important factor for the differentiation of SHED
into odontoblast cells. Sakai et al [22] also found that in
vivo experiments SHED addition to functional
odontoblast cells can be induced into tubular dentin, but
also differentiate into vascular endothelial cells to form
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capillary-like bud structure. Because the deciduous
deciduous tooth stem cells have the advantages of
strong proliferative ability and multi-directional
differentiation ability, and are simple and non-invasive,
and have low immunological rejection in autologous
transplantation, the developed countries such as North
America, Scandinavia and Japan have built many
"deciduous banks" regeneration therapy requires [23].

5. Stem Cells from the Apical Papilla (SCAP)

In 2006, Sonoyama et al. [24] isolated a group of
mesenchymal stem cells from the immature human
permanent apical papilla, which had less cell mass and
vascular composition than the pulp tissue-derived cells,
3 times the proliferation rate [25], was named apical
papilla stem cells (SCAP). Similar to DPSCs, SCAP
also showed fibroblast-like cell growth and expression
of early mesenchymal cell markers STRO-1 and CD146,
but specific expression of CD24 and high expression of
apoptosis suppressor gene (survivin), telomerase
reverse transcriptase Human telomerase reverse
transcriptase (hTERT) may be involved in the
development of tissue cell source. It was confirmed that
SCAP could be induced into osteogenic, chondrogenic,
adipogenic, neurotoxic and odontogenic differentiation,
which had higher plasticity and self-renewal ability than
other odontogenic stem cells. It is a promising seed cells
for tissue regeneration [26].

Huang et al. [27] found in the 9 month-old minipigs
the distal apical papilla of first mandibular first molar
was resected and retained the integrity of the pulp, and
then the root would stop development, but the other
roots were normal. It indicated that SCAP play an
important role in the formation and development of the
root, but whether related to the presence of Hertwig's
epithelial root sheath (HERS) need to be further
confirmed. Sonoyama et al. implanted the HA/ SCAP-
Gelfoam/PDLSCs (with SCAP and root-shaped
HAJ/TCP scaffolds and PDLSCs-coated gelatin sponges)
into the lower incisors of the minipigs. After three
months, the stent surface could be formed with the
dentin-like structure of the connective tissue, CT and
histological analysis confirmed that the root periodontal
structure was regenerated, but the biological root
compression strength than the natural root weaker.
Huang et al [28] also filled SCAP and PLG scaffold
composite material into one end closed and one end of
the human root canal, nude mice after three months of
subcutaneous transplantation, showing the root canal is

full of associated with angiogenesis of pulp-like tissue .
The dentin-like cells in the root canal showed uniform
dentin-like structure, and the odontoblast-like cells
were layered and formed a small tube-like structure.
Therefore, the retention of SCAP cells is necessary for
the survival of clinically undeveloped autologous dental
implants and has important biological significance.

6. Dental Follicle Stem Cells (DFSCs)

Dental follicle derived from the ectoderm
mesenchyme and wrapped around the enamel and
dental papilla around the loose connective tissue, plays
an important role in the eruption of teeth and
development of periodontal ligament tissue. The dental
follicle contains stem cells and progenitor cells or
precursors (PCs), which are believed to be the origin of
periodontal ligament, cementum and alveolar bone. In
2005, Morsczeck et al. [29] successfully isolated a
group of fibroblast-like dental follicle precursors from
the human dental follicle of an unerupted 3rd molar,
expressing stem cell markers (Notch-1, Nestin), insulin-
like growth factor-2 (IGF-2) and bone sialoprotein
(BSP) [30]. Luan et al. [31] isolated and immortalized
three major cell lines from follicle of the 8-day-old
Swiss Webster rat, one type showed high proliferative
activity but no biomineralization ability, possibly as a
periodontal ligament cell line; one type showed high
proliferative and alkaline phosphatase activity, but in a
highly undifferentiated state, may be a pluripotent stem
cell line; the other type showed high mineralization
ability, probably for the cementum and osteoblast cell
lines, these indicated that DFSCs have the cell
heterogeneity. DFSCs have the ability of multi-lineage
differentiation potential, such as BMP, Wnt, IGF,
NOTCH signaling pathways play an important role [32-
35], and interestingly the gene expression patterns is
different between before and after differentiation [36].

Handa et al. [37] transplanted DFSCs isolated from
bovine tooth germs into subcutaneous nude mice. After
4 weeks, ligamentous fibrous tissue and cementum-like
matrix were formed, expressing collagen type I,
osteopontin, osteocalcin, Bone sialoprotein and
cementum attachment protein (CAP). Tsuchiya et al.
[38] filled calvarial bone defects of the nude mice with
the DFSCs and extracellular matrix of pig, and achieved
the same bone repair effect with bone marrow
mesenchymal stem cells. Guo et al. [39] transplanted
DFSCs with treated dentin matrix (TDM) into nude
mice subcutaneously, after a few weeks found the
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integrated dentin-like structure around TDM and
expressed DSP and DMP1. Liu et al [40] co-cultured
normal human DFSCs with the periodontitis derived
PDLSCs, and then transplanted the cell/ scaffold
complex into the subcutaneous nude mice, after 8 weeks
found the formation of compact collagen bundles. It
suggested that the microenvironment provided by
DFSCs could reverse the regeneration function of
periodontal ligament tissue in some periodontitis
patients.

7. Perspectives

The successful separation of odontogenic stem cells

is a milestone in the field of tooth regenerative medicine.

However, this technology is not only applied to clinical
tissue engineering, but also has many bottlenecks to be
solved urgently. 1) The five types of odontogenic stem
cells have their own advantages, but lack of specific
surface markers, no special selective culture mode, easy
to aging, difficult to mass amplification; 2) Current the
engineering tooth are small, how to control such as size,
shape, development time are still exist many problems;
3) To ensure the reliability and safety of stem cell
application, carcinogenicity test need to long-term
monitor. However, with the rapid development of stem
cell research and the continuous improvement of
biological materials, we believe a new era of tissue
engineering teeth will launch in the future.
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