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Abstract

Stem cells represent a remarkable cell type with the ability of self-renew and 
differentiation into a great number of cell lineages. They provide new therapeutic 
approaches for regeneration of damaged or missing tissues. Stem cells have been 
found in various tissues, including in the oral and maxillofacial region. Six different 
types of mesenchymal stem cells (MSC) are described in the oral cavity. Some of them, 
called periodontal ligament stem cells (PDLSC), are capable in appropriate conditions 
to maintain the regeneration of tooth-supporting structures. These cells are located in 
the periodontal ligament (PDL) surrounding the roots of the teeth. Main problem in the 
field of dentistry is the tooth – supporting structure loss. For that reason, many scientists 
have focused on examination of PDLSC application in tissue regeneration. However, 
the adequate restoration of tissues is provided by strictly regulated interactions 
between cells, growth factors and extracellular matrix. Growth factors provide the 
information transfer between cells and extracellular matrix and usually enhance the 
proliferative and differentiation potency of cells. Thus they support the healing process 
after injury. Growth factors are located in a highest amount in the alpha-granules of 
the platelets. Therefore, a different techniques for platelet concentrates delivery have 
been developed.

ABBREVIATIONS
PDL: Periodontal Ligament; MSC: Mesenchymal Stem Cells; 

BMSC: Bone Marrow Stem Cells; IPS: Induced Pluripotent Stem 
cells; PDLSC: Periodontal Ligament Stem Cells; DPSC: Dental 
Pulp Stem Cells; SHED: Stem cells from Human Exfoliated 
Deciduous teeth; DFSC: Dental Follicle Stem Cells; SCAP: Stem 
Cells from Apical Papilla; ISCT: International Society of Cellular 
Therapy; PDGF: Platelet-Derived Growth Factor; PRP: Platelet-
Rich Plasma; PRF: Platelet-Rich Fibrin.

INTRODUCTION
The increasing frequency of neoplasms and traumas and the 

tendency for establishment of new more effective therapeutic 
approaches, contribute to the progressive development of tissue 
engineering and regenerative medicine. The progress in tissue 
engineering starts from the beginning of the 90s and in the past 
decade a marked step forward has been made in the field of 
regenerative medicine [1]. Tissue regeneration is a combination 
of processes, related to specifically regulated interactions 
between cells, system and local growth factors and extracellular 
matrix [2-4]. Cells, capable to differentiate into various cell 

lineages, stimulating the extracellular matrix formation and 
the regeneration of damaged tissues are basic for the tissue 
regeneration [5-7]. Stem cells are very attractive area of research 
today and have been used in the field of preclinical and clinical 
regenerative medicine with the aim to treat many degenerative 
diseases, including in the oral cavity [8]. The advancement in 
stem cells research significantly increases the opportunities 
for tissue regeneration [9] and leads to development of new 
therapeutic approaches for tissue preservation.

Tissue injury and hemorrhage are followed by activation 
of coagulation cascade and formation of blood cloth. Platelets 
aggregate and release their specialized granules, which are 
reservoirs of various growth factors [10], at the site of the 
blood cloth. Growth factors and cytokines can promote and 
maintain mesenchymal stem cells self-renewal in vitro, as it is 
demonstrated by the expression of gene markers associated with 
stemness – oct-4, sox-2, rex-1 [11].

The reveal of the intimate mechanisms of interactions 
between stem cells, growth factors and extracellular matrix gives 
an impetus for regeneration development research. 
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Stem cells

Stem cells represent a special type of cells, characterized 
with properties like clonogenicity, self-renewal, multi-lineage 
differentiation [12]. They have the ability to differentiate into 
numerous cell lineages like osteoblasts, chondroblasts, adipocyte-
like cells, pancreatic [13], hepatocyte-like cells [14], etc. Stem 
cells could be divided into three general types - embryonic stem 
cells, adult stem cells and induced pluripotent stem cells (IPS) 
[15]. Embryonic stem cells are pluripotent cells delivered from 
the blastocyst which can differentiate into the three germ layers – 
ecto, endo and mesoderm [16], but they cannot differentiate into 
extra-embryonal tissues [17]. 

The adult stem cells are dispersed in between other 
differentiated tissues and organs and their differentiation 
capacity is more limited compared to the embryonic stem cells; 
they support restoration of damaged tissues [15]. 

Induced pluripotent stem cells are delivered through gene 
transfection and cell reprogramming of somatic cells, using 
appropriate vectors to acquire similar features like embryonic 
stem cells [18]. 

Adult stem cells

The adult stem cells are also called somatic or postnatal 
stem cells. Investigating the regenerative mechanism of bone 
marrow after radiation exposure Till and McCulloch determined 
the presence of stem cells in adult organisms [19]. That kind 
of fibroblast-like cells have been called mesenchymal stem 
cells (MSC) [20]. Many investigators are researching different 
biological materials and tissues as a source of stem cells, like bone 
marrow [21], placenta [22], blood [23], adipose tissue [24], etc. 

Adult stem cells can divide either symmetrically (allowing 
the increase of stem cell number) or asymmetrically. Asymmetric 
divisions keep the number of stem cells unaltered and are 
responsible for the generation of cells with different properties 
[25]. Most adult stem cells are multipotent, which means they 
can only differentiate into a limited number of cell types. By the 
proposal of International Society of Cellular Therapy (ISCT), 
the minimal criteria for MSC definition has been established. 
In accordance to that criteria, MSC must be adherent to tissue-
culture-treated plastic in standard culture conditions [26], 
must express CD105, CD73 and CD90 and lack the expression 
of CD45, CD34, CD14 or CD11b, CD79a or CD19 and HLA-DR 
surface molecules and also to have the ability to differentiate 
to osteoblasts, chondroblasts, adipocytes in vitro [27]. Studies 
in field of dentistry, from the past few years have identified 
different adult stem cells sources in oral and maxillofacial region. 
Dental adult stem cells might be excellent candidates for cell-
based therapy.

Dental stem cells

Six different types of mesenchymal stem cells have been 
isolated from the oral cavity – dental pulp stem cells (DPSC) 
[28], stem cells from human exfoliated deciduous teeth (SHED) 
[29], dental follicle stem cells (DFSC) [30], stem cells from apical 
papilla (SCAP) [31], periodontal ligament stem cells (PDLSC) 
and alveolar bone stem cells. Seo et al. in 2004 isolated for the 
first time PDLSC and showed that in appropriate conditions 

these cells have the ability to express stem-cell-surface markers, 
to proliferate, to differentiate into various cell lineages and the 
potential to participate in the regenerative mechanism of the 
periodontal tissues [32]. 

Periodontal ligament and PDLSC

Periodontal ligament is a highly specialized connective tissue 
localized between the cementum covering the root surface of the 
tooth and the alveolar bone and comprises cells, collagen fibers 
and extracellular matrix. It’s main function is to provide the tooth 
stability in the alveolar bone and the resistance to mastication 
forces. Cells in the periodontium are heterogeneous population 
including osteoblasts and osteoclasts (localized in the periodontal 
ligament but functionally connected to the bone), fibroblasts, 
epithelial rests of Malassez, macrophages, undifferentiated 
mesenchymal stem cells and cementoblasts (functionally related 
to the cementum) [33]. On (Figure 1) are shown some of the 
tooth structures, including the periodontal ligament.

Serious problem in periodontology and dental implantology is 
the destruction of periodontal tissues – alveolar bone, cementum 
and periodontal ligament. Periodontitis is a very common 
inflammatory disease which leads to the lost of the tissues 
supporting teeth. Nearly 85-90% of the adults are suffering from 
periodontitis; however most of them are affected by mild or 
average and 15% are with severe form of the disease [34,35].

Many authors like Gay IC et al. [36] have been investigating 
PDLSC proliferative and differentiation capacity. Kim et al. 
determine and compare the process of osteogenesis around 
dental implant induced by PDLSC and bone marrow derived stem 

Figure 1 Tooth and periodontal structures; periodontal ligament is 
the source of periodontal ligament stem cells.
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cells (BMSC) [37]. Wada et al. are investigating PDLSC, BMSC 
and DPSC immunomodulatory and osteogenic differentiation 
properties [38]. 

Exactly like BMSC, PDLSC have self-renewal capacity and stem 
cell related surface markers expression – they express STRO – 1 
(putative stem cell marker), CD146 (perivascular cell marker), 
CD13, CD29 (integrin-1), CD44, CD90, CD105 (endoglin), CD106 
(vascular cell adhesion molecule-1), CD166 (activated leukocyte 
cell adhesion molecule) and embryonic markers like: (OCT)-4, 
(SSEA)-1, (SSEA)-4, etc. [39]. 

When stimulated in an appropriate conditions, PDLSC can 
attain the formation of new bone, cementum and periodontal 
ligament [40]. Investigating the potential of PDLSC to undergo 
cementoblast / osteoblast differentiation shows their ability 
to form mineralized nodules with high calcium content in 
the extracellular matrix and the expression of a number 
osteoblast/cementoblast markers – alkaline phosphatase, 
matrix extracellular phosphoglycoprotein, bone sialoprotein, 
osteocalcin, TGF-beta receptor type I [32]. 

Sonoyama et al. are implanting autologous mesenchymal 
stem cells from PDL with the aim to create tooth root-periodontal 
complex in swines. They show this newly-formed structure 
capable to support a ceramic crown stability and thus to achieve 
a normal function of the tooth [41]. PDLSC could also participate 

in so called “hybrid” teeth formation together with some other 
type of stem and progenitor cells. Zhang et al. create such hybrid” 
teeth formation by implant autologous stem cells derived from 
teeth structures (including PDLS) together with BMSC (from iliac 
crest) in artificially created bone defect in the lower jaw of swines 
and prove the formation of tooth-like structures [42]. 

Several surgical techniques, like guided tissue regeneration, 
bone grafts and substitutes placement and use of enamel matrix 
derivate, are often performed for the clinical preservation of 
periodontal tissues vitality and function, but their success is not 
absolutely predictable. Guided tissue regeneration is based on 
the use of non-resorbable barrier membranes ensuring the blood 
clot integrity; thus the target area would be colonized by no other 
cells but PDL-cells [43]. The method of guided bone regeneration 
could applied, when the alveolar bone needs to be prepared 
before the dental implant placement [44]. Another therapeutic 
approach in oral, maxillofacial and periodontal surgery is the use 
of platelet concentrates – platelet rich plasma and platelet rich 
fibrin. In one study Zhao et al. [45] construct a cell transplant 
method consisting of cell sheet fragments of PDLSC and platelet 
rich fibrin - granules to enhance periodontal healing in avulsed 
tooth re-implantation.

Growth factors

The appropriate application of the triad – cells, scaffold 
and signal molecules or growth factors, aims the adequate 
restoration of tissues [46,47]. A special part of these biological 
events is taken by the growth factors. They provide the 
information transfer between cells and extracellular matrix, 
stimulate endogenous regenerative mechanisms and improve 
the damaged tissues functions [48,49]. It’s proven that growth 
factors are supporting the exact regulation and enhancement 
of tissue healing [50-52] by binding to a specific receptors on 
the target cell’s membrane [53] and initiating an intracellular 
cascade of changes leading to specific genes expression. A 
great number of in vitro and in vivo studies demonstrate the 
growth factors ability to stimulate tissue regeneration through 
the enhancement of hemotaxis, proliferation, differentiation 
of cells, extracellular matrix secretion [2,54-56]. For being 
therapeutically effective, growth factors need to get to their 
specific targets and remain there long enough, without being 
unfenced, to realize their mechanism of action [57]. The effects 
of growth factors on the cells could be generally described as 
hemotactic effect (onset of direct migration), mitogenic effect 
(stimulate cell-division), morphogenic effect (stimulate cell-
differentiation), apoptosis (programmed cell death), metabolic 
effects, a combination on two or more of the previous effects. 
There are different ways and mechanisms for the growth factors 
to realize their effectiveness according to the time, concentration 
and the target cell phenotype [47]. As a part of very big group 
of polipeptide regulator molecules, growth factors are released 
from normal healthy cell lineages to guide cell maturation and 
regeneration after tissue injury [58]. Growth factors are working 
through autocirne, paracrine and telecrine secretory pathways 
[53]. They play main role in wound healing from the initiation of 
the injury to the complete recovery. Growth factors participate 
in the healing and regeneration of virtually all tissues [48,49,57]. 

Figure 2 Platelet-derived products are capable to influence 
Periodontal ligament stem cells (PDLSCs) proliferation, differentiation, 
collagen synthesis in cell culture. Stem cell delivery-based therapy 
with or without the use of scaffold biomaterials could enhance tissue 
regeneration in case of periodontal disease, osseus deffects around 
dental implants, avulced tooth replantation, etc.
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PLATELET-DERIVED PRODUCTS 

PRP and PRF

It is proven that platelets granules contain wide range of 
growth factors of which platelet-derived growth factor (PDGF) 
is in highest amount of all [10]. They a released locally by the 
influence of different activators and increase the regeneration 
of damaged tissues [59,60]. Thus basically, the application of 
platelet products in the regenerative medicine has been initiated 
[61]. Platelet-rich plasma (PRP) is a blood derived product with 
high concentration of platelets, with application in the field of 
oral and maxillofacial surgery, plastic surgery, traumatology 
[62]. In dentistry PRP is used to stimulate tissue regeneration in 
periodontal defects, alveolar bone healing after tooth extraction, 
osteointegration around dental implants, guided tissue 
regeneration, etc. [63,64]. PRP is derived from whole fresh blood 
after centrifugation [62,65]. The product has to be activated prior 
to application by addition of thrombin or calcium chloride for gel-
form transformation which activates platelet degranulation and 
release the growth factors [66].  Platelet-rich fibrin (PRF) is a 
second generation autologous platelet concentrate also obtained 
from whole fresh blood after centrifugation but without the 
addition of thrombin or calcium chloride as activators [67,68]. 
PRF is described as a fibrin network that keeps the growth 
factors and protect them from proteolysis, therefore, the growth 
factor release of PRF would elapse gradually for prolonged time 
[69]. The content in PRP and PRF is approximately equal [69]. 
PRP and PRF contain equal amount growth factors and could 
be applied in the clinic alone or in combination with allogenic 
and autologous bone grafts and substitutes. These procedures 
are usually required in cases of alveolar crest loss, bone loss 
as a result of periodontitis or trauma, which will contribute to 
embarrassments in dental implant placement and the restoration 
of the occlusion [70-72]. The relation between PDLSCs and 
platelet – derived products is shown on (Figure 2).

There are different views regarding the use of the platelet 
biomaterials in medicine and dentistry. The real benefit of PRP is 
still under discussion because it enhances only the initiation and 
the early stages of bone repair [73,74]. By the opinion of Lacoste 
et al. [75] the suboptimal effect of PRP on bone regeneration is 
due to the thrombin use that causes fast release of the growth 
factors before the outgrowth of the osteoblasts from the 
surrounding tissue have started. From other side, the gradually 
process of polymerization for PRF delivery, without the addition 
of thrombin [76] leads to an increased local amount of growth 
factors and cytokines, and for enough long time to realize their 
action. 

Platelet-derived growth factor

PDGF is a natural protein abundantly present in bone matrix 
[77], described for first time in 1974 by Ross et al. [78], as a “growth 
factor delivered from the platelets and capable to stimulate 
differentiation of smooth muscle cells of monkey in cell culture”. 
PDGF is a dimer compound by a polypeptide chains A, B, C and 
D connected by disulfide bridges; it has the following isoforms: 
PDGF-AA, BB, AB, CC, DD [77,79,80]. There are two receptors for 
it with a similar structure – alpha receptors which are binding 
all the isoforms with high affinity and beta receptors with high 

affinity toward PDGF-BB and partly –AB [81]. PDGF is contained 
into the alpha granules of platelets. After soft or hard tissue injury 
it is released into the blood clot following the degranulation of 
platelets [59] and has a short half-life, circulating in the blood 
for about 30 minutes [82,83]. PDGF participates in the healing of 
hard and soft tissue injuries, development of the central nervous 
system, it is a main mitogen for osteoblasts, undifferentiated 
osteoprogenitor cells, fibroblasts, smooth-muscle and glial cells; 
it also stimulates the hemotaxis of neutrophils and macrophages 
toward the injury site; participates in re-epithelization and 
angiogenesis [53,77,84]. PDGF enhances soft and hard tissue 
healing through stimulation of collagen synthesis [85]. Thus it 
provides high resistance of soft tissue wounds and bone callus 
formation [59,60]. PDGF appears in the initial stage of the healing 
process and induces neutrophils and macrophages activity, which 
are the main mediators of the regeneration at this stage [86]. 

Main challenge for applying PDGF into the clinical practice is 
related to the short half-life of the growth factor [82,83]. The use 
of a high concentrations could lead to adverse side effects [87], 
like stimulation on tumor growth. The situation with the short 
half-life of the growth factor has prompted the introduction of 
different materials used as matrices or scaffolds serving as depot 
for the local delivery of the growth factors [88,89]. Application 
of all that scaffolds aims the local prolonged releasing of active 
molecules. 

Many preclinical and clinical studies have been performed 
to demonstrate the benefits of the growth factors. PDGF could 
be added to alveolar bone defects around dental implants. 
McAllister et al. [90] describe the bone regeneration and 
osteointegration around dental implant immediately after tooth 
extraction, stimulated by PDGF-BB. The growth factor has been 
placed together with beta-three calcium phosphate or xenograft 
– deproteinized calf bone. After the study has been completed, 
all implants placed together with PDGF showed 100% of 
osteontegration. 

The favorable effect of growth factors in particular PDGF, leads 
to the development of recombinant forms for local application 
(becaplermin) in cases of patients with chronic wounds. This gel-
like recombinant growth factor, stimulates the wound recovery 
in a comparative study with the application of becaplermin gel 
and placebo gel on patients with chronic neuropathic diabetic 
ulcers [91,92]. Nash et al. [93] are investigating the improvement 
of the healing in fracture line on rabbits tibia after osteotomy, 
with the supplementation of recombinant PDGF and Joice et al. 
[94] implanted PDGF subperiosteally in long bones and report 
the process of more intensive bone formation where the growth 
factor has been placed. Its wide use proves to be safe and effective; 
however, there are some contradictory results, described in the 
literature regarding PDGF - Kratchmarova et al. [95] report that 
the differentiation of human MSC into bone-forming cells is 
stimulated by EGF but not by PDGF. 

CONCLUSION
PDL contains high amount of undifferentiated cells and they 

are included there for the whole life. These cells keep their plastic 
and regenerative ability. Various signal molecules and growth 
factors could initiate their osteoblast/odontoblast differentiation 
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and collagen synthesis.  PDGF is a main mitogen for the cell 
processes. It is capable to stimulate angiogenesis, tissue re-
epithelisation, participates in wound healing, but also could 
have adverse side effects. The reveal of intimate mechanisms 
of interaction between PDGF and PDLSC will contribute for 
the overall understanding of molecule mechanisms of tissue 
regeneration, the advantages of using the growth factor in the 
clinic.
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