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Periodontal ligament stem cells in regenerative
dentistry for periodontal tissues
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The ideal periodontal treatment is regenerating functional periodontal tissues
destroyed by severe periodontitis. The tissue engineering triad includes stem cells,
biological signals, and cell-seeded scaffold that are considered to be essential
for tissue regeneration. Periodontal ligament (PDL) tissue contains a stem cell
population, periodontal ligament stem cells (PDLSC), that is derived the neural crest
tissue. PDLSC demonstrate high proliferative capacity and multipotency that make
them a highly promising stem cell population for use in the regeneration of damaged
periodontal tissues. Here, we review the current understanding of the features and
functions of PDLSC.
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Introduction
The periodontal ligament (PDL), a fibrous connective tissue
structure, plays crucial roles in tooth anchorage, sensation, and
facilitating nutrient supply to surrounding tissues.1 Periodontitis is
a chronic inflammatory condition of the periodontium and around
50% of adults suffer from its moderate and severe generalized form2
Severe generalized form of periodontitis induces the destruction of
PDL tissues including the loss of collagen fiber attachment between
alveolar bones to the cementum surface and the progression of alveolar
bone resorption, which is a principal cause for tooth loss.3 Therefore,
the regeneration of PDL tissues damaged by advanced periodontitis
would be important to maintain healthy teeth for a lifetime. Stem cells
are self-sustaining by replicating themselves and show the potential
to differentiate into various cell types. Many researchers believe that
these features of stem cells may offer benefits in the field of cellbased regenerative therapy. PDL stem cells (PDLSC) are a kind of
dental stem cells identified in PDL tissues and originate from the
neural crest tissue. They also have the potential to differentiate into a
variety of PDL cells including fibroblasts, osteoblasts, cementoblasts,
enthothelial cells, neural cells.4,5 The aim of this review is to summarize
the key topics of PDLSC including their properties, characteristics,
current research, and future potential for PDLSC-based regenerative
periodontal therapies.

Characteristic of periodontal ligament stem cells
The stem/progenitor cell populations have been revealed to be
derived from endosteal spaces that are enriched immmature cells.6
These cells have the potential to differentiate into multipule PDL cell
including fibroblasts, osteoblasts, and cementoblasts that are principal
for maintainance and homeostasis of PDL tissues.7 Seo et al.8 first
isolated PDLSC from the PDL tissue of extracted human third molar
teeth.8 Many types of MSC-related cell surface markers such as CD10,
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CD13, CD26, CD29, CD44, CD71, CD73, CD90, CD105, CD106,
CD146, CD166, CD349, STRO-1, STRO-3, and TNAP/MSCA-1 have
been identified in PDLSC.9 PDLSC formed mineralized nodules with
the increase of bone-related gene expression when they were cultured
in osteogenic medium.8 Additionally, PDLSC injected into calvarial
defect model mice demonstrated the new bone formation within the
defects,10 suggesting that PDLSC have the capacity to differentiate
into osteoblasts. PDLSC was also induced to differentiate into
chondrocytes and adipocytes upon exposure to specific differentiation
media.8,11 PDLSC can differentiate into endothelial cells that generated
capillary-like sprouts with lumens in vitro.12 Imoprtantly, LY294002,
a PI3K inhibitor, completely suppressed the blood vessel generation
and significnaly inhibited proliferation and endothelial cell-related
marker expression in PDLSC, suggesting that PDLSC requires PI3K
activation in their endothelial cell differentiation.12 PDLSC have
the potential to form neurosheres, three-dimensional floating cell
clusters containing neural stem/progenitor cells.13 Moreover, recent
studies have demonstrated the generation of retial cells from PDLSC
by the formation of neurospheres and inhibition of Wnt and BMP
signalings.14 Our recent study demonstrated that semaphorin 3A
(Sema3A) plays a crucial role in preserving stem cell properties of
PDLSCs; the expression level of Sema3A was stronger in multipotent
human PDL cell lines compared with low-differentiation potential
lines, and Sema3A-overexpressing low-differentiation potential
PDL clones increased ESC- and MSC-related marker expression and
enhanced capacity to differentiate into osteoblasts and adipocytes.15
Additionally, PDLSC exert immunomodulatory effects through
their low immunogenicity by the absence of HLA-II DR and T cell
costimulatory molecules, suppression of proliferation, differentiation,
and migration in B cells by cell-to-cell contact, and inhibition of
peripheral blood mononuclear cell proliferation as a result of cellcycle inhibition rather than of apoptosis.16,17
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Potential of PDLSC to regenerate periodontal structures
The regenerative effects of several biological signals on PDLSC
have been demonstrated. Transforming growth factor beta 1 (TGF-β1)
induced collagen type I and α-smooth muscle actin (α-SMA) gene
transcription and α-SMA protein expression in PDLSC, however
differentiated PDL cells revealed no change in their expression.18 This
result indicates the important roles of TGF-β1 in collagen and α-SMA
production of predominantly immature PDL cells. Connective tissue
growth factor (CTGF) promoted collagen type I and III, biglycan,
and periostin protein synthesis and mineralized nodule formation
in PDLSC.19 Our recent study also demonstrated that CTGF upregulated proliferation, migration, osteogenic gene expression, and
mineralization in PDLSC.20 Additionally, a variety of studies have
tried to regenerate PDL tissues using PDLSC in vivo. Collagen
is the most abundant protein in the body and mainly makes up the
fibrous elements of PDL tissues.21 The subcutaneously implanted
PDLSC with a hyaluronic acid-based scaffold demonstrated a greater
amount and density of collagen synthesis than adipose tissue-derived
stem cells.22 Subcutaneous injection of PDLSC with hydroxyapatite
or beta-tricalcium phosphate scaffolds resulted in the generation
of cementum- and PDL-like structures adjacent to the surfaces of
scaffolds.8 Dentin blocks wrapped in the PDLSC sheet showed the
potential to develop well-organized PDL tissues with perpendicular
and oblique orientation of collagen fibers on the dentin surfaces.23
In another study, PDLSC transplanted into fenestration defects with
fiber-guiding scaffolds produced by the rapid prototyping technique
induced the regeneration of PDL-like tissues that showed angulations
similar to healthy and mature ligamentous tissues.24 Moreover,
injection of autologous PDLSC with bone grafting materials into
the intrabony defects of deep periodontal pockets in 3 periodontitis
patients significantly improved the value of clinical index including
probing depth, gingival recession, and attachment level, and
attachment gain, which persisted for up to 72 months.25

Future perspectives
As reviewed in this article, it has been revealed that PDLSC
participate in the development and regeneration of PDL tissues. Adult
PDL tissues contain stem cells; however there still is a difficulty in
isolating a pure PDLSC population because of the rarity of PDLSC
in vivo and their limited replicative capacity. Induced pluripotent
stem cells (iPSC) are especially promising cell sources for tissue
engineering because iPSC reveal embryonic stem cell-like properties
including high multi-differentiation and self-renewal capabilities.26,27
PDLSC is originated from neural crest cells during development and
our and other studies have demonstrated the successful generation
of neural crest-like cells (NCLC) from iPSC.28–33 Importantly,
subcutaneously transplanted iPSC-derived NCLC revealed no
capacity to form tumors. Since iPSC-derived NCLC would work out
the rarity and limited replicative capacity of PDLSC and decrease
the risk of iPSC-related tumor formation, it is therefore possible that
iPSC-derived NCLC could become the alternatives of PDLSC and
the prospective cells for the achievement of complete PDL tissue
regeneration.
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