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Growth factors

Growth factors (GFs) are active substances 
that participate in all biological processes. 
They are isolated from various cell types, 

but are found to be of highest amount in the plate-
lets. Some well-known GFs, able to stimulate va-
riety of cell functions are platelet-derived growth 
factor (PDGF), vascular endothelial growth factor 
(VEGF), transforming growth factor beta (TGF-β), 
fibroblast growth factor (FGF), epidermal growth 
factor (EGF), etc. 

GFs are small proteins that bind to cell surface recep-
tors [1]. Thus, a specific cellular activity is maintained. 
Up to date, scientists have revealed the potential of 
the GFs to stimulate and accelerate tissue repair and 
regeneration [2, 3]. We have also investigated the ef-
fects of some of the most abundant GFs found in hu-
man platelets on different cell types, including dental 

stem cells, oral mucosa keratinocytes, fibroblasts, 
etc. [4, 5]. 

The function of the GFs is hardly dependent on the 
following factors: their concentration and the half-life 
of each GF. Multiple active molecules from the local 
environment are also capable of modifying the bio-
logical activity of the GFs [6]. The effects of the GFs 
are also known to be influenced by the specific phe-
notype of the target cells [7]. 

Currently GFs are highly researched substances in 
the field of medicine and dentistry due to their key 
function in tissue regeneration. Probably the main 
purpose of all preclinical and clinical studies con-
ducted is to reveal the optimal dose of the applied 
GF, as well as to introduce proper techniques for slow 
molecular release in the living tissues. Therefore, 
various biomaterials are used as scaffolds in order to 
reveal the most favorable variant for tissue regenera-
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tion [8]. These scaffolds (also called matrices) when 
loaded with active molecules (i.e. GFs) may serve as 
a depot for their slow release, as well as to maintain 
high local concentration for sufficient number of hours 
or days. Some of the most commonly used scaffolds 
are alginate, gelatin, autologous fibrin glue, polygly-
colic acid, etc. [9]. There are specific criteria when 
choosing the most appropriate scaffold for particular 
in vitro and in vivo studies, as follows: to be easy to 
apply, to be able to provide long-term stable scaffold 
for cell colonization, to be inexpensive, etc [9]. 

Recombinant GFs are used in many fields of den-
tistry and medicine, including oral and maxillofacial 
surgery, dental implantology, periodontal surgery, or-
thopedics, regenerative medicine, treatment of non-
healing ulcers (diabetic ulcers), etc. [8, 10]. The ef-
fects of GFs as single molecules or in combination 
with other substances have been reported in wide 
number of clinical trials. However, more detailed in 
vitro experiments with recombinant GFs should be 
conducted in order to reveal their intimate mecha-
nisms of action. Thus, more predictable clinical out-
comes of their local application are expected. 

Platelet-derived growth factor – PDGF

PDGF is one of the most abundant GFs found in hu-
man platelets. Other cell types when stimulated, in-
cluding non-differentiated cells, smooth muscle cells, 
endothelial cells, macrophages are able to produce 
and to release it in the local environment [11]. PDGF 
is situated in the platelets alpha-granules [12]. As the 
rest of the GFs it is released after degranulation of the 
activated platelets. They are found of high amount in 
the blood clot after tissue injury [13]. PDGF, in par-
ticular, is a GF with relatively short half-life and once 
released from the activated platelets, it`s molecule 
remains active for the next 30 minutes [14].

PDGF is found as a homo- or heterodimeric molecule 
[15]. PDGF may consist of the following polypeptide 
chains: A, B, C or D linked together with a disulfide 
bridge [16]. It`s isomeric forms are PDGF-AA, -BB, 
-AB, -CC, -DD. The PDGF isomers may possess dif-
ferent biologic activities. 

GF`s secretion from particular cells might be modi-
fied when stimulated with other substances. We have 
observed increased production of PDGF (PDGF-AA 
in particular) in cells when stimulated with a combi-
nation of other specific GFs (data not shown). How-
ever, our research on this topic is still at a very early 
stage. Our aim is to reveal as many details as pos-
sible about the effects of several GFs on dental stem 
cells, oral keratinocytes and fibroblasts.

PDGF is able to interact with two distinct types of 
highly-specific cellular receptors. These receptors are 
known as alpha and beta-receptors and are found on 
the cell surface [17]. When PDGF bind to its recep-
tors, specific signal pathways are triggered within the 
target cell, as multiple downstream substrates and 
cell regulatory proteins are activated. Thus, various 
processes like cell differentiation, proliferation and 
migration are established [18]. The effects of PDGF 
are dependent on the biology of the target cell, as 
each cell type may respond differently. 

PDGF is among the active molecules that regulate 
various cell processes. It plays crucial role in the soft 
tissue and bone healing and regeneration; PDGF 
is a major mitogen for osteoblasts, undifferentiated 
cells, fibroblasts, etc.; PDGF stimulates migration of 
inflammatory cells towards the site of tissue damage; 
one of the main function of PDGF is stimulation of 
angiogenesis [19,20]. There are reports revealing the 
ability of PDGF to enhance the tissue healing via ini-
tiation and maintenance of collagen synthesis in cells 
[21], thus contributing to high mechanical resistance 
of tissues at the side of injury. We have also found 
that PDGF contributes to the collagen chains matu-
ration in non-differentiated stem cells of human peri-
odontal ligament [4].

PDGF participates in the development of neoplasms. It 
stimulates tumor neo-angiogenesis and increases the 
secretion of specific substances from tumor cells, re-
sponsible for various tissue alterations [22]. Therefore, 
multiple techniques based on the PDGF`s activity sup-
pression have been suggested, in order to prevent tu-
mor growth and the development of metastatic disease.

Recombinant PDGF (rhPDGF)

No data has been found yet in the literature regarding 
the application of human blood-isolated single GFs in 
vitro and in vivo. Multiple preclinical and clinical stud-
ies have been conducted to reveal the activity and 
the mechanism of action of the GFs. For this purpose 
recombinant molecules are used. Recombinant GFs 
are concentrated and purified to a high degree sub-
stances created for experimental and clinical applica-
tion [23]. Preclinical and clinical trials demonstrating 
their effects on healing processes are performed [24, 
25, 26]. Relatively new group of autologous blood 
derived products applied in the medical field are the 
platelet concentrates – platelet rich plasma, platelet 
rich fibrin and their analogues. In our opinion these 
products may serve as sources for GFs fractions iso-
lation and further application for research and thera-
peutic purposes. However, currently we cannot pres-
ent sufficient research data in this field.
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Limited number of recombinant growth factors (rh-
GFs) has been introduced as routine therapeutic 
agents in the medical practice nowadays. To the best 
of our knowledge, rhPDGF is the first recombinant 
GF allowed for clinical use by the American Food and 
Drug Administration (FDA). It has been first applied 
in the management of nonhealing diabetic ulcers on 
extremities [27]. Its high efficacy rate and no reports 
in the literature of local complications following its ap-
plication have been documented [27].

Disadvantage of PDGF administration in the clinic re-
fers to its short half-life. Increased concentration of 
the exogenous GF applied in tissues poses a risk of 
undesirable side effects [28], eventhough the clinical 
reports about the development of neoplasms follow-
ing rhGF`s application are limited. The problem with 
PDGF`s short half-life has led to the development of 
biomaterials capable of forming a depot for a slow 
local release of the GF [29]. 

Effect of PDGF on cell function 

The effects of PDGF on different cell types in vitro 
have been reported by many authors. Experiments 
predominantly reveal the mitogenic activity of the GF, 
as there are many studies showing positive effects of 
PDGF on cell proliferation. However, PDGF is also 
known to stimulate specific genetic expression, cell 
migration and extracellular matrix synthesis in fibro-
blasts, monocytes, macrophages and many other 
cell types [13, 19].

Boyan et al. [30] investigated the effect of three iso-
meric forms of PDGF (PDGF-AA, -BB and -AB) on 
cell proliferation rate and cell migration in human 
periodontal ligament cells. The cell culture used in 
the experiment is heterogeneous. The authors con-
clude that PDGF-BB exhibit significantly higher mi-
togenic properties when compared to the other mol-
ecules of the PDGF family [30]. The results reveal 
that different isoforms of a particular GF may have 
distinct properties and the most appropriate molecule 
should be chosen for particular purposes. 

PDGF-AB has been reported to stimulate cell prolif-
eration and migration, as well as the collagen syn-
thesis of periodontal ligament cells in animal studies 
[31]. The GF`s activity is highly dependent on the 
concentration applied. Our studies with rhPDGF-BB 
also reveal that it modifies various cell processes in 
human periodontal ligament stem cells in a concen-
tration-dependent manner [4]. 

The effect of PDGF-BB on mesenchymal stem cells 
has been investigated in details in another in vitro 
study [32]. The authors reveal that optimal PDGF`s 
activity on cell proliferation is established at a higher 
concentrations, whereas collagen production is more 
significant at a low concentration. Again the dose 
dependent efficacy of the GF on the cell biology is 
highlighted. 

The effect of PDGF-BB on the activity of alkaline 
phosphatase (ALP) (early marker for osteogenic dif-
ferentiation) has been investigated [33]. The results 
show that PDGF-BB increases the production of pro-
teins from cells and inhibits ALP activity.

The effect of PDGF on osteogenic differentiation 
of undifferentiated cell lineages remains controver-
sial. According to relatively recent reports, PDGF 
does not stimulate differentiation of human mesen-
chymal stem cells towards osteoblasts [34]. Stray-
horn et al. [35], demonstrate the ability of PDGF 
to potentiate osteoblastic proliferation in vitro in a 
concentration-dependent manner. In the authors’ 
opinion, PDGF does not enhance osteogenic cell 
differentiation, as its application blocks the expres-
sion of markers strictly related to osteogenic cell 
differentiation.

The proper tissue regeneration might be maintained 
experimentally by the action of multiple substances. 
Some substances participate synergistically and 
some of them are antagonists, therefore particular 
effects in cells and tissues are established. It has 
been reported that PDGF when added to cell culture 
media in combination with 2 or more GFs acting as 
its synergists, significantly enhances cell prolifera-
tion and adhesion when compared to PDGF applied 
alone [36]. 

Application of rhPDGF in vivo

Recombinant GFs, usually in a combination with 
various tissue grafts are introduced in the dental 
clinical practice. Their effects following local applica-
tion have been investigated in wide number of stud-
ies [24,37]. Main issues regarding the clinical use 
of the GFs again are their short half-life and rapidly 
decreased local concentration soon after their appli-
cation [38]. On the other hand, the presence of other 
molecules that may reduce their activity should be 
considered. However, rhPDGF is a promising active 
molecule for tissue regeneration in the clinical prac-
tice, as it`s role in various cell processes is well-
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known, i.e. cell proliferation, collagen chains matu-
ration, etc. PDGF also stimulates angiogenesis and 
recruitment of cells from the surrounding healthy 
tissues [20]. The main purpose is to introduce rh-
PDGF into the field of the oral surgery for manage-
ment of bone resorption around natural teeth and 
dental implants, socket preservation, guided bone 
regeneration, management of jaw-bone cavities af-
ter cystectomy, etc. PDGF is not applied locally as 
a sole molecule, but in combination with auto-, allo-, 
xenograft or synthetic material [39]. The grafts serve 
as a scaffold when additional mechanical support 
is needed at the side of the tissue repair and re-
generation. On the other hand, the scaffold is colo-
nized by high number fibroblasts and stem cells, as 
well as with sufficient amount of highly differentiated 
cells which is crucial for the ongoing regeneration at 
the site of tissue injury. Various grafts also maintain 
higher local concentration of the GF.

Limited number of clinical studies has been conduct-
ed using rhPDGF when compared to the reported in 
vitro experiments. rhPDGF at different concentrations 
in a combination with beta-tricalcium phosphate have 
been applied in the management of vertical bone 
defects [40]. The analysis of the clinical outcomes 
has been made 3 to 6 months postoperatively. The 
results reveal that only lower PDGF concentrations 
show promising effect on bone regeneration. Further 
experiments are needed to find out the optimal GF`s 
concentration in each particular clinical experiment, 
which is of highly importance for the following tissue 
regeneration and rehabilitation.

Nevins et al. [41] administer PDGF with allogeneic 
lyophilised bone graft in the management of teeth 
with advanced bone resorption and high degree mo-
bility. In the following 6 months, no signs of soft tis-
sue inflammation were identified. Newly formed bone 
around the teeth was observed radiographically. 
Complete regeneration in both Class II furcations and 
interproximal intrabony defects managed was docu-
mented. 

Chang et al. [42] revealed that PDGF-B gene therapy 
accelerates osseointegration of oral implants placed 
at extraction socket defects in animal models. An-
other study [43] demonstrates that the application 
of rhPDGF in combination with beta-tricalcium phos-
phate enhances the bone regeneration in critical size 
peri-implant bone defects. The defects showed the 
highest rate of bone formation 2 to 4 weeks postop-
eratively. 

Kaigler et al. [44] in a literature review postulated that 
the current available evidence recommend the use of 
rhPDGF-enhanced matrices to promote periodontal 
and peri-implant bone regeneration.

PDGF can be applied locally at the side of the os-
teotomy prior immediate implant placemen in order 
to accelerate the osseointegration of the dental im-
plants. Reports reveal complete osteointegration of 
the implants at the sides where PDGF-BB is applied 
together with alo- or xenograft [45].

Base on the documented clinical studies found, rh-
PDGF is a promising therapeutic agent in the field 
of the oral surgery in the development of innovative 
methods for the management of periodontal and peri-
implant defects, guided bone regeneration and os-
seointegration of dental implants. 

Conclusion

Numerous approved and well-known oral surgi-
cal procedures, including distraction osteogenesis, 
guided bone regeneration, guided soft tissue regen-
eration, and autogeneous bone grafting, provide 
dentists with various approaches to the manage-
ment of alveolar bone atrophy, periodontal defects 
compromised dental implant treatment, etc. Most of 
these treatment modalities show desirable clinical 
outcomes. However, multiple studies demonstrate 
limited success when routine approaches are used. 
Recently, in the field of regenerative medicine, inno-
vative treatment methods are suggested. The com-
bination of recombinantly produced growth factors 
and different scaffolds is a promising approach for 
the management of oral and dental pathology. Fur-
ther research is needed prior routine application of 
these methods in order to achieve predictable clini-
cal results.

Disclosure summary: The authors have nothing to dis-
close.
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