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ABSTRACT

Periodontitis is caused by bacterial biofilms results in devastation of periodontal tissues, including cementum,
bone, and periodontal ligament (PDL), with ultimate tooth loss if left untreated. Studies targeted at understanding
the disease at the cellular and molecular level as well as clinical investigations have resulted in improved
therapies for arrest of disease progression. Moreover, beyond arrest of disease progression, substantial evidence
exists indicating that regeneration of periodontal tissues is a viable treatment for selective situations. There is a
need; however, to improve the predictability of regenerative therapies. A variety of regenerative therapies have
been introduced, with some success in periodontal tissue regeneration. Growth factors are polypeptide molecules
released by cells in the inflamed area that regulate events in wound healing. These are naturally occurring
proteins that regulate various aspects of cell growth and development. Researchers are now exploring the
potential applications and uses of growth factor in periodontal regeneration.
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INTRODUCTION

Periodontitis, evoked by the bacterial biofilm (dental
plaque) that forms around teeth, progressively
destroys the periodontal tissues supporting the
teeth, including the periodontal ligament,
cementum, alveolar bone and gingival [1]. Thus,
the rationale of periodontal therapy is to eradicate
the inflammation of the periodontal tissues, to seize
the destruction of soft tissue and bone caused by
periodontal disease, and regenerate the lost tissue,
if possible [2]. Periodontal surgical procedures have
focused on the removal of hard and soft tissue
defects (i.e., probing depths and osseous defects)
by regenerating new attachment [3].

Periodontal wound-healing studies, however,
indicate that conventional periodontal therapy most
commonly results in repair rather than regeneration
[4, 5].

In order for periodontal regeneration to occur,
progenitor periodontal ligament cells must migrate
to the denuded root surface, attach to it, proliferate
and mature into an organized and functional fibrous
attachment apparatus. Similarly, progenitor bone
cells must also migrate, proliferate and mature in
conjunction with the regenerating periodontal
ligament.

Significant advances have been made during the
last decade in understanding the factors controlling
the migration, attachment and proliferation of cells.

Polypeptide growth factors are a class of natural
biological mediators that control key cellular events
in tissue repair, including cell proliferation,
chemotaxis, differentiation, and matrix synthesis, by
binding to specific cell-surface receptors.

A group of naturally occurring molecules known as
polypeptide growth factors in conjunction with
certain matrix proteins are key regulators of these
biological events. Of these, the fibroblast growth
factors (FGFs), platelet-derived growth factor
(PDGF), insulin - like growth factors (IGFs),
transforming growth factors (TGFs), epidermal
growth factor (EGF) and certain attachment proteins
appear to have an important role in periodontal
wound healing.

FIBROBLAST GROWTH FACTOR

FGF was discovered in 1974 as a protein in cow
pituitary glands that strongly induced proliferation of
fibroblasts [6]. In 1984, two proteins with different
basic and acidic isoelectric points were identified as
acidic FGF (aFGF, FGF1) and basic FGF (bFGF,
FGF2) [7, 8]. The FGFs are a family of polypeptides
that are potent mutagens and chemoattractants for
endothelial cells as well as for a variety of
mesenchymal cells, including fibroblasts,
osteoblasts, chondrocytes, smooth muscle cells and
skeletal myoblasts [9, 10].

ROLE OF FGF
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These factors have also been shown to stimulate
the formation of new blood vessels (i.e.,
angiogenesis and neovascularization) in vivo [11-
13]. The stimulatory effects of FGFs on
neovascularization, in addition to the chemotactic
and mitogenic effects on mesodermal cells, in
particular to fibroblasts and osteoblasts, suggest an
important role of these proteins in periodontal
wound healing and regeneration [14].

FGF stimulates resting cells in GO to enter the cell
cycle in G1.

FGF2 facilitates reactions that are necessary for
revascularization, migration, and proliferation of
endothelial cells, [15] and regenerates capillary
blood vessels in vivo [16] in the healing of
intractable ulcers. Fibroblasts not only produce
collagen, but also develop into myofibroblasts and
induce so called wound constriction.

FGF2 promotes the healing of fractures by
stimulating both the growth and biochemical
functions of mesenchymal stem cells [17].

PLATELET DERIVED GROWTH FACTOR

PDGF is a well characterized regulatory protein with
an isoelectric point of 9.8 and a molecular weight of
approximately 30,000 Da [18-21]. PDGF is a dimeric
molecule and occurs as a combination of two
polypeptide subunits, designated as A and B [22].
PDGF acts on the target cells by binding to a and
receptors on their cell surfaces and in turn
stimulates them. PDGF has 5 isoforms, PDGF-AA,
PDGF-AB, PDGF-BB, PDGF-CC and PDGF-DD
[23].

The original source of PDGF was from the alpha
granules of platelets [24] but it has also been
isolated from a variety of cells and tissues including
monocytes and macrophages [25], fibroblasts [26],
endothelial cells [27] and bone matrix [28].

ROLE OF PDGF

PDGF has been identified as a competence growth
factor [29] and acts synergistically with progression
growth factors, such as the IGFs [30]. PDGF,
however, also acts as a paracrine factor by
stimulating certain cells to produce their own
progression growth factors [31, 32].

In vivo studies support an important role of PDGF in
wound healing. It also promotes synthesis of
fibronectin and types I, Ill and V collagen. It inhibits
collagenase and plasminogen activator. PDGF
upregulates the expression of angiogenic molecules
like vascular endothelial growth factor (VEGF) and

hepatocyte  growth  factor, and also the
proinflammatory cytokine interleukin 6; there by
indirectly promoting periodontal regeneration.

INSULIN LIKE GROWTH FACTORS

IGFs are a family of single-chain serum proteins
that share 49% homology in sequence with
proinsulin [33, 34, 35, 36]. IGF-1 and IGF-2 are 2
polypeptides from this group that have been well
described.

They are synthesized by multiple tissues, including
liver, smooth muscle and placenta [37], and are
carried in plasma as complex with a specific binding
protein [38, 39].

ROLE OF IGF

IGFs appear to have a role in bone formation. IGF-1
increased DNA synthesis in osteoblasts and
stimulated the formation of bone matrix in organ
culture [40]. IGFs alone enhanced DNA synthesis
and proliferation of chondrocytes [41].

IGF-1 could act synergistically with other growth
factors to enhance epidermal and connective tissue
wound healing [42]. The combination of IGF-1 and
PDGF, as opposed to either factor alone, resulted in
a 95% increase in epidermal thickness and a two-
fold increase in the width of newly formed
connective tissue when applied to skin wounds in
pigs. Lynch et al. also suggested that the same
combination enhances periodontal regeneration [43]
and bone formation around implants [44].

EPIDERMAL GROWTH FACTOR

Epidermal growth factor is a multifunctional cytokine
involved in variety of functions including epithelial
growth and differentiation, and wound healing.
Epidermal growth factor (EGF) is a single-chain
protein. The major sources of EGF are urine and
salivary glands, although it also has been isolated
from Brunner’s glands and platelets as well as from
cerebrospinal and amniotic fluids. [45] EGF
stimulates DNA synthesis and cell growth in a large
variety of cells, including those of epithelial,
endothelial and mesodermal origin. However, EGF
stimulates prostaglandin production and induces
bone resorption in cultures of neonatal mouse
calvaria [46, 47]. The topical application of EGF to
abraded corneas partial-thickness wounds  full-
thickness wounds and superficial burns
significantly enhances re-epithelialization and
wound healing. Slow release of EGF from sponges
implanted subcutaneously stimulated fibroblast
proliferation and angiogenesis as well as
granulation tissue formation.
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TRANSFORMING GROWTH FACTOR

The TGFs are a family of structurally and
functionally unrelated proteins that have been
isolated from normal and neoplastic tissues [48].
The two best characterized polypeptides from this
group of growth factors are TGF-a and TGF-f.
TGF-a is a 50-aminoacid single-chain protein with
a molecular weight of approximately 5600 Da [49].
TGF-B is a highly conserved dimeric polypeptide
with a molecular weight of 25,000 Da and consists
of 2 amino acid chains linked together by disulfide
bonds [50].

ROLE OF TGF

TGF-B appears to be a major regulator of cell
replication and differentiation. TGF- can modulate
other growth factors, such as PDGF, TGF-a, EGF
and FGF, possibly by altering their cellular response
[51] or by inducing their expression [52]. Several in
vivo investigations support the role of TGF-f in
wound healing. The application of TGF-f increased
the formation of granulation tissue [53].

The topical application of TGF-B to epidermal
wounds in pigs inhibited re-epithelialization and
increased connective tissue volume, collagen
synthesis and angiogenesis. Other reports using
implanted chambers or tubes filled with TGF-3
alone and in combination with other factors have
found significant increase in protein and collagen
synthesis, in addition to an enhanced ingrowth of
fibroblasts and capillaries [54].

APPROACHES FOR  GROWTH FACTOR
DELIVERY

Two common types of polymeric materials used in
growth factor delivery strategies are natural
collagen-derived materials and synthetic polymers
of lactic and glycolic acid (i.e.polylactide-co-
glycolide) [55].

A variety of new injectable materials such as
hydrogels are also being developed for growth
factor delivery applications [56]. These injectables
are especially attractive because, in clinical
application, they can allow for minimally invasive
delivery of inductive molecules.

Another area of increasing attention has been the
development of shape-memory materials that have
one shape at one temperature and another shape
at a different temperature. These materials have the
ability to memorise a permanent shape that can be
substantially different from an initial temporary
shape. As an example, a bulky device could
potentially be introduced into a surgical site as a

temporary shape (such as a string or freely flowing
material), penetrate through a small area of the site,
and then be expanded in response to different cues
into a permanent shape (i.e., a stent or a sheet).
The response signals that stimulate the changes in
shape in response to environmental cues are
incorporated within the material during its
fabrication.

These materials have been designated as ‘smart’
materials, having the capability to appropriately
change their structural and functional material
properties in response to environmental cues [57].

CONCLUSION

The explosion of knowledge and the understanding
of the role of growth factors, and their mechanisms
of action and molecular signalling pathways,
suggest the potential for many novel therapeutic
targets, not only for applying growth factors but also
for the agents that target specific parts of the
intracellular signalling pathways.

In the last, we can say that the most important
demanding task is left on us, is to apply some of the
knowledge which we have gained from studying the
‘cell- physiology’, into the useful techniques of
healing of diseases, in the days to come.
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