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ABSTRACT

INTRODUCTION

Periodontal diseases result in destruction of periodontal

Periodontitis is deﬁned as “an inﬂammatory disease of the

tissues, including cementum, bone and periodontal ligament,

supporting tissues of the teeth caused by speciﬁc

with eventual loss of tooth if left untreated. Various studies

microorganism or group of speciﬁc microorganisms, resulting

and clinical investigations have resulted in improved

in progressive destruction of the periodontal ligament and

therapies for the arrest of disease progression and

alveolar bone with pocket formation, recession or both.”[1]

regeneration of periodontal tissues. A key factor for enhancing

Therapeutic modalities should therefore, aim not only at

the predictability of regenerative therapies is an

eliminating the gingival inﬂammatory process and preventing

understanding of cellular and molecular events required to

the progression of periodontal disease, but also at re-

regenerate periodontal tissues. It is now recognized that an

establishing and regenerating the periodontal tissues lost due

important link, although not exact, to understanding the

to the disease.[2] However, outcomes of existing regenerative

requirements for regeneration of tissues is to acquire

therapies, while having positive results, are often

knowledge as to mechanisms involved in development of

disappointing whenconsidering the extent of regeneration and

tissues.During development, it is now recognized that speciﬁc

furthermore, are not predictable. Increased research efforts

growth factors and morphogens trigger differentiation of

focused on understanding periodontal disease at the cellular,

epithelial and mesenchymal derived cells during tooth

molecular and clinical level have resulted in improved

formation. The importance of these growth factors for

modalities for arresting disease progression.[3] A critical aspect

regeneration of periodontal tissues as well as the function of

of periodontal regeneration is the stimulation of a series of

endogenous factors present at wound sites is currently being

events and cascades at some point, which can result in the

examined in in-vivo and in-vitro modes.

coordination and completion of integrated tissue formation.[1]

KEYWORDS: growth factors, regeneration, periodontitis,

Biologic modiﬁers are materials or proteins and factors that

biologic modiﬁers.

have the potential to alter the host tissue so as to stimulate or
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regulate the wound healing process. Classic examples of

granules of platelets but it has also been isolated from a variety

biologic modiﬁers are growth factors.[4] Growth factors are

of other cells and tissues, which include degranulating

natural proteins that regulate the main cellular events involved

platelets, smooth muscles, ﬁbroblasts, endothelial cells,

in tissue regeneration and its application has become an area of

macrophages, keratinocytes and many tumor cells.[2,4,8] PDGF

increasing interest in periodontal regenerative medicine.[5]

is a well characterized regulatory protein with an isoelectric

These growth factors, primarily secreted by macrophages,

point of 9.8 and a molecular weight of approximately 30,000

endothelial cells, ﬁbroblasts, and platelets, include platelet-

Da.[2] It consists of two disulﬁde-bonded polypeptide chains

derived growth factor (PDGF), insulin-like growth factor

that are encoded by two different genes, PDGF-A and PDGF-

(IGF), ﬁbroblast growth factor (FGF) and transforming

B, located on chromosomes 7 and 22, respectively.[4,9]

growth factor (TGF).[1] These growth factors may have the

Consequently, PDGF can exist as a heterodimer (AB) or a

potential to promote regeneration of periodontal tissues

homodimer (AA, BB).[4] The mature parts of the A- and B-

through a variety of cell-tissue interactions.[4]

chains of PDGF are ∼100 amino acid residues long and show

GROWTH FACTORS IN PERIODONTOLOGY

∼60% amino acid sequence identity.[9] Heldin etal in 2002

Growth factors are proteins that may act locally or

have identiﬁed two new forms, PDGF-C and PGDF-D.[8] A

systemically to affect the growth and function of cells in

and B can form homodimers or heterodimers, such as AA, BB

several ways. They may act in an autocrine fashion, where the

or AB, whereas C and D can only form the homodimers CC or

cells that produce them are also affected by them; or more

DD.[10] PDGF isoforms exert their effects on target cells by

commonly, in a paracrine fashion, such that the production of a

activating two structurally related protein tyrosine kinase

growth factor by one cell type affects the function of a different

receptors, designated as PDGFR α and β, which have different

cell type. These factors may control the growth of cells and

ligand speciﬁcities.[8,9] The synthesis of PDGF is often

hence the number of cells available to produce a tissue. In

increased in response to external stimuli, such as exposure to

addition, they may control the metabolism of a particular cell

low oxygen tension, thrombin, or stimulation with various

type: for example, the rate of production of an extracellular

growth factors and cytokines.[9]

matrix component such as collagen.[5] Existing evidence

PDGF plays a signiﬁcant role in wound healing by stimulating

supports a role of growth factors for use in clinical treatments

connective tissue growth via its mitogenic and chemotactic

targeted at regeneration of oral (periodontal) tissues lost as a

activities. [4] It stimulates mitogenicity and chemotaxis of

consequence of disease. Importantly, the rationale for using

ﬁbroblasts and smooth muscle cells and chemotaxis of

most of the growth factors in an attempt to regenerate

neutrophils and macrophages. It also stimulates macrophages

periodontal tissues is based on knowledge as to the function of

to produce and secrete other growth factors of importance for

these molecules at the cellular and molecular level.[4] Several

various phases in the healing process. Moreover, PDGF

growth factors, as single agents or in combinations, have been

stimulates the production and secretion of collagenase by

examined for their periodontal regenerative potential in

ﬁbroblasts, suggesting a role in the remodeling phase of

[6]

animal models and in the clinic.

wound healing. It also has important functions during the

PLATELET DERIVED GROWTH FACTOR (PDGF)

embryogenesis, in particular for the development of the

Platelet Derived Growth Factor is an ubiquitous mitogen that

kidneys, blood vessels, lungs, and CNS. In these organs,

was originally discovered by Kohler & Lipton and Ross et al.

connective tissue-like cell types are dependent on PDGF,

[7]

in 1974. The original source of PDGF was from the alpha

62

including mesangial cells, pericytes, alveolar ﬁbroblasts, and

JPMCP
Journal of Periodontal Medicine
& Clinical Practice

Journal of Periodontal
Medicine & Clinical Practice
Biological Role Of Growth Factors In Periodontology: A Review

Vol- 1, Issue - 1, Jan - Apr 2014
www.jpmcp.com

glial cells. The PDGF receptors are expressed on capillary

been shown to be produced in the brain, pituitary gland,

endothelial cells, and PDGF has been shown to have an

kidney, corpus luteum, and adrenal gland.[13]

angiogenic effect. PDGF has an important role to maintain

FGFs are multifunctional regulatory peptides with a great

the interstitial ﬂuid pressure, probably through its ability to

impact on studies of tumorigenesis, cardiovascular disease,

stimulate interactions between connective tissue cells and

repair of tissue injury, neurobiology and embryonic

molecules the extracellular matrix.

development.[12] They are responsible for critical functions in

FIBROBLAST GROWTH FACTOR (FGF)

wound healing, tissue repair, angiogenesis, and homeostatic

Fibroblast Growth Factors are polypeptides that are potent

regulation.[10] FGF stimulates the proliferation and/ or

mitogens and chemo-attractants for endothelial cells as well

migration of most of the major cell types involved in wound

as for a variety of mesenchymal cells, including ﬁbroblasts,

healing, including capillary endothelial cells, vascular

osteoblasts, chondrocytes, smooth muscle cells,skeletal

endothelial cells, ﬁbroblasts, keratinocytes, epithelial cells

myoblasts and for cells of neuro-ectodermal origin. FGF

and specialized cell types such as chondrocytes and

have not only growth-promoting effects on most ﬁbroblastic

myoblasts. The administration of FGF-2 at the time of

cell types, but it also stimulates angiogenesis, neo-

wound closure not only signiﬁcantly increases the breaking

[9]

[2, 6, 11]

FGFs

strength of the wound but also improves the quality of the

are a family of 9 heparin-binding polypeptides, aFGF (FGF-

scar.[8] The FGFs are believed to act as competence growth

1), bFGF (FGF-2), int-2 (FGF-3), Kaposi sarcoma FGF (K-

factors. FGFs initiate a cascade of cellular events but require

FGF; also known as the product of hst-1 oncogene: FGF-4),

synergistic action with progression growth factors to

FGF-5, FGF-6, keratinocyte growth factor (KGF: FGF-7),

maximize DNA synthesis and cell growth.[2] In vivo FGF has

androgen-induced growth factor (FGF-8) and FGF-9.[12] The

been shown to increase bone formation, and accelerate the

two most studied members of this family are acid FGF (a-

rate of fracture repair.[6] The stimulatory effects of FGFs on

FGF or FGF-1) and basic FGF (b-FGF or FGF-2).[4] FGF-1

neovascularization, in addition to the chemotactic and

has an isoelectric point range of 5.6-6.0 and a molecular

mitogenic effects on mesodermal cells, in particular to

weight of approximately 15,000 Da; FGF-2 has an

ﬁbroblasts and osteoblasts, suggest an important role of these

isoelectric point of approximately 9.6 and a molecular

proteins in periodontal wound healing and regeneration.[2]

weight range of 16,000-18,000Da. FGF-1 and FGF-2 have a

Studies on the effects of FGF on individual cell types have

similar spectrum of biological activities and exhibit 55%

shown that it can stimulate endothelial cell and periodontal

homology in their amino acid sequence. FGF-2 is considered

ligament cell migration and proliferation.[6]

to be more potent than FGF-1 (30-100 fold) in vitro.[2] Signal

INSULIN LIKE GROWTH FACTOR (IGF)

transducing FGF receptors (FGFRs) are encoded by a family

Insulin like Growth Factors are a family of growth factors,

of related genes of which 4 members have been encoded so

including ligands, receptors and binding proteins that are

far i.e. FGFR-1(ﬂg), FGFR-2(bek), FGFR-3 AND FGFR-

involved in the regulation of various physiological processes

4. There is a high degree of redundancy among FGFRs in

and in pathogenic conditions including the status of oral

terms of their binding to ligands and each bind both FGF-1

tissues.[14] They are a family of single-chain serum proteins

and FGF-2 with high afﬁnity.[13] Both FGF-1 and FGF-2 were

that share 49% homology in sequence with proinsulin.[2] The

initially isolated from neural tissue but have been

IGF family includes three ligands and three cell surface

vascularization, wound healing and cell migration.

[4]

subsequently found in numerous other tissues. FGF-2 has
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1R and IGF-2R (L-mannose-G-phosphate) receptors

of many cells in-vitro such as ﬁbroblasts, osteocytes and

respectively. They have atleast six high afﬁnity IGF-binding

chondrocytes.[11]

proteins (IGFBPs-1 to 6), which bind circulating IGFs and

There are indications that IGFs may play a role in the biology

Two well described

of oral and dental tissues and organs. [16] IGF-1 also

members of this group are IGF-1 and IGF-2.[11] IGF-1 is a 70-

participates actively in the cell proliferation and

amino-acid protein with a molecular weight of 7649 Da and

differentiation of developing teeth, being a crucial factor in

an isoelectric point of 8.4. IGF-2 is a 67-amino-acid neutral

the mineralizing process during odontogenesis, suggesting

[11,15,16]

modulate their biologic actions.

[2]

peptide with a molecular weight of 7471 Da . IGF-1 and

potential therapeutic use of IGF-1 in the pulp tissue, both in

IGF-2 have 65% amino acid sequence homology and similar

immature and mature teeth when insulted by external

biologic activities; however their synthesis is under different

irritants.[18] IGF-1 has a role in pulp healing and reparative

regulating inﬂuences.[4] IGF-1 and IGF-2 are anabolic

dentinogenesis following pulp capping. [11] IGF-1 is a

peptides structurally and functionally related to insulin.[17]

mitogenic protein which is reported to stimulate cell

[16]

[18]

proliferation and chemotactic migration, enhance cellular

The tyrosine kinase receptor IGF-1R mediates most of the

survival and improve periodontal regeneration.[20] Both

actions of IGFs and is expressed nearly ubiquitously.[16] The

gingival and periodontal mesenchymal cells show a dose-

function of insulin growth factors is regulated at cellular level

dependent migratory response to the presence of IGF-1 and

by the presence of a family of IGFBPs, which may either

IGF-2. They also increase DNA synthesis and protein

inhibit the bioactivity of IGFs by preventing receptor

production by periodontal ligament cells.[17] IGFs also appear

interaction or potentiate IGF activities by mechanisms that

to have a role in bone formation.[2]

are not well understood.[6,16] IGFs are produced in largest

TRANSFORMING GROWTH FACTOR (TGF)

amounts by the liver. They are also produced by most extra-

Transforming Growth Factors are a family of structurally and

hepatic organs, like bone, smooth muscle and placenta, and

functionally different proteins that have been isolated from

are transported via the plasma. Bone is a storage house for

normal and neoplastic tissues.[17] TGFs were ﬁrst named for

IGFs in their inactive forms.[4,17,19]

their ability to stimulate anchorage-independent growth of

IGF is a highly mitogenic and differentiation factor, which

ﬁbroblasts in monolayer.[4] The two best characterized in this

exerts endocrine, paracrine and autocrine functions, to

category are TGF-α, primarily a growth stimulator, and TGF-

control pre- and post-natal growth and development. It is a

β, primarily a growth inhibitor.[17] TGF-α is a 50-aminoacid

potent stimulator of cell proliferation and differentiation as

single-chain protein with a molecular weight of

well as maintenance of specialized functions in several

approximately 5600 Da. TGF-α exhibits 42% homology with

tissues. IGF-1 is an anabolic peptide that mediates the

EGF, competes for the EGF receptor and stimulates epithelial

IGFs bind to speciﬁc receptors,

i.e. IGF-1R and IGF-2R.

[18]

IGF-1 acts as a

and endothelial cells. TGF-β is a highly conserved dimeric

progression factor in the cell cycle. IGFs have pleotrophic

polypeptide with a molecular weight of 25,000 Da and

effects on their target cells, including an increase in transport

consists of 2 amino acid chains linked together by disulﬁde

of glucose and amino acids into osteoblasts, an increase in

bonds.[2] It was originally isolated as a PDGF and later was

RNA and a decrease in protein breakdown.[4] IGF-1 has the

found in the largest amounts stored in bone in an inactive

capacity to inhibit apoptotic death. It is a potent chemotactic

form.[4] TGF-α is synthesized by epithelial cells. TGF-β is

agent for vascular endothelial cells. It also stimulates mitosis

synthesized by multiple tissues like activated macrophages,

biological effects of growth hormone.
[2]
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endothelial cells, lymphocytes and neutrophils, but bone and
platelets are its major sources.

[2, 8, 17]

β has also been shown selectively to stimulate the synthesis of
extracellular matrix proteins such as collagen, ﬁbronectin,

[2]

TGF-α induces epithelial and endothelial cell proliferation.

tenascin and proteoglycans by these cells and to inhibit the

Because of the large diversity of TGF-β effects, it has been

growth of epithelial, endothelial and certain mesenchymal

[8]

said that TGF-β is pleiotropic with a vengeance. It is a

cells. In addition, TGF-β1 alone or in combination with

multifunctional growth factor structurally related to the bone

PDGF increases the proliferation of periodontal ligament

[6]

morphogenetic proteins, but functionally quite different. It

mesenchymal cells more than those from gingival tissue.[17] It

is a fundamental regulatory molecule that acts by both

has been reported that TGF-β1, a multifunctional growth

[21]

autocrine and paracrine mechanisms. The biological effects
[17]

of TGF-β are highly diverse.

It has multiple and often

factor highly expressed in gingival tissues subjected to
inﬂammation and wound healing, and is the main mediator

opposing effects depending upon the tissue and the type of

responsible for myo-ﬁbroblast differentiation.[22]

injury.[8] TGF-β has proliferative and anti-proliferative,

EPIDERMAL GROWTH FACTOR (EGF)

differentiating and antidifferentiating effects depending on

Epidermal Growth Factor is a keratinocyte-stimulating

the cell type and maturity. It has immunosuppressive

growth factor.[4] It is a small polypeptide that stimulates the

characteristics too and has been investigated for its ability to

proliferation of epithelial, endothelial and mesenchymal

[4]

induce cartilage and new bone growth in-vivo. TGF-β has

cells.[17] EGF had been identiﬁed as early as 1962, and its

bifunctional activity wherein it acts as a multifunctional

receptor was puriﬁed and characterized by Stanley Cohen in

[11]

It inhibits epithelial cell

1980. [ 2 3 ] E G F was initially discovered in mouse

proliferation and stimulates mesenchymal cells.[6] It is a potent

submandibular glands by its ability to cause precocious tooth

modulator of cell proliferation.

[8]

and acts as a progression factor for

eruption and eyelid opening in newborn mice.[8,24] It is a single-

ﬁbroblasts. [11] It stimulates ﬁbroblast chemotaxis and

chain, 53-amino-acid protein with a broad spectrum of

proliferation, and also induces extracellular matrix

activity and with hormone like properties.[2,24] The human-

production in most culture systems.[2] TGF-β has a strong

derived form has a molecular weight of approximately 5400

[8]

T G F-β has a somewhat

Da.[2] EGF and TGF-α are structurally related, possess similar

paradoxical effect on angiogenesis. In vivo, it stimulates

properties, have the same biological activity and share a

angiogenesis, yet in-vitro it blocks endothelial proliferation

common receptor.[2,4,8]The "EGF receptor (EGFR)" is actually

and motility.[11] Several in vivo investigations support the role

a family of membrane tyrosine kinase receptors that respond

of TGF-β in wound healing. The application of TGF-β

to EGF, TGF-α, and other ligands of the EGF family.[8] It

increased the formation of granulation tissue.TGF-β has both

belongs to a family of related cell surface receptors, including

stimulatory and inhibitory effects on osteoblast proliferation,

ErbB1 (EGFR), ErbB2/Her-2, ErbB3, and ErbB4.[25] The

depending on the in-vitro culture conditions.[2] In spite of its

main EGFR is referred to as EGFRl, or Erb BI.[8] EGFR is

effects on augmentation of soft and hard tissue types, no

highly expressed in many solid tumors including human

positive data have been reported on in-vivo healing in a

OSCC and therefore, is a target for cancer therapy and

ﬁbrogenic agent

anti-inﬂammatory effect.

[6]

TGF-β has been shown to be

prevention.[26] Salivary glands are the primary source of EGF

chemotactic for macrophages and gingival and periodontal

in humans with parotid gland being the major source. In

ligament mesenchymal cells to stimulate the proliferation of

human tissues, EGF has also been isolated from kidneys,

gingival and periodontal ligament mesenchymal cells. TGF-

thyroid glands, Brunner's gland, pituitary and brain. EGF is

periodontal setting.
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present in most human extracellular ﬂuids, including plasma,

sequence identity with each other.[31] The KGF receptor

urine, saliva, milk, sweat, semen, amniotic ﬂuid,

(KGFR) is a membrane-spanning tyrosine kinase which is

cerebrospinal ﬂuid and intestinal contents, though the major

alternatively spliced isoform of FGFR-2 and designated as

sources of EGF are urine and saliva. The serum level of EGF

FGFR-2IIIb.[31,34] KGF was initially puriﬁed and cloned from

is about 1 to 2ng/ml. EGF is normally expressed by most

a lung ﬁbroblast line as a soluble factor that could stimulate

epithelial cells, although keratinocytes, activated

keratinocyte proliferation. [ 3 4 ] Dermal ﬁbroblasts,

macrophages, platelets and various embryonic cells express

microvascular endothelial cells, smooth muscle cells and

EGF as well.

[2, 4, 8, 17, 23, 24, 25, 27, 28]

activated ϒδ T cells express KGF-1.In oral tissues, KGF-1 is

EGFR is critical for promoting growth, survival, and

expressed in vitro by ﬁbroblasts isolated from oral buccal

differentiation of epithelial cells. It is also critical for wound

mucosa, gingiva, PDL and in the stroma associated with

healing due to its ability to stimulate cell proliferation, cell

inﬂammed periapical tissues.[31]

migration, and angiogenesis.[25] EGFR is a major driving

KGF is an androgen-induced stromal growth factor that can

[29]

force for cell proliferation in human primary keratinocytes.

stimulate epithelial growth and morphogenesis in the

EGF, in vivo promotes angiogenesis. Studies have showed

developing prostate and seminal vesicle. KGF has also been

that EGF released following orthodontic force application

shown to be a progestomedin in the endometrium of primates.

[27]

In

Its role in the mammary gland, another steroid hormone-

healing wounds of the skin, E G F is produced by

dependent tissue, is less well deﬁned.[30] Generally, both KGF

keratinocytes, macrophages, and other inﬂammatory cells

family members induce proliferation, migration and matrix

plays a part in the angiogenic response of the pulp.

that migrate into the area. EGF is mitogenic for periodontal

metalloproteinase secretion in a variety of epithelial cells.[33]

ligament cells, and was also found to stimulate the growth of

KGF stimulates the re-epithelialization phase of wound

gingival cells, in vitro. In addition, it showed a slight

healing at periodontal diseased sites.[32] KGF-1 expression in

chemotactic effect on periodontal ligament cells, but

gingival tissues and its up-regulation by pro-inﬂammatory

[8]

[17]

EGF stimulates

cytokines and lipopolysaccharide (LPS) support the putative

prostaglandin production and induces bone resorption in

role of KGF-1 in regulating epithelial cell function in

suppressed their collagen synthesis.

cultures of neonatal mouse calvaria.

periodontal diseases.[31] During the progression of periodontal

KERATINOCYTE GROWTH FACTOR (KGF)

disease, the epithelial cell barrier gets disrupted, allowing

Keratinocyte Growth Factor is classiﬁed as FGF-7 and

lipopolysaccharide to directly stimulate gingival ﬁbroblasts

[2]

[30, 31]

KGF differs from

to express KGF-1. Expression of KGF-1 and subsequent

the other members of FGFs by its high speciﬁcity for

speciﬁc stimulation of epithelial cell proliferation, ultimately

activating epithelial cells. It is expressed in cells of

serve to reestablish and maintain an effective epithelial cell

mesenchymal origin such as ﬁbroblasts and endothelial cells

barrier which protects the host from periodontal disease-

but not in epithelial cells. It therefore, seems likely that KGF

associated gram-negative pathogens in dental plaque

belongs to heparin binding FGF family.

stimulates epithelial cells in a paracrine manner.

[30]

It has

speciﬁc mitogenic, morphogenic and motogenic effects on
[32]

bioﬁlm.[33]
VASCULAR ENDOTHELIAL GROWTH FACTOR

epithelial cells. KGF-1 and KGF-2 are two members of the

(VEGF)

current FGF family and are classically designated as FGF-7

Vascular Endothelial Growth Factor is a macromolecule

and FGF-10, respectively.
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[35]

it is also known as vascular permeability factor. VEGF has

likely a factor in the etiology of gingivitis and its progression

signiﬁcant homology to PDGF. VEGF is a heparin-binding

to periodontitis, possibly by promoting expansion of the

homodimeric, disulﬁde-bound glycoprotein of 45kDa.[36] The

vascular network coincident to progression of the

VEGF family currently comprises of seven members:

inﬂammation.[35] VEGF has been implicated in having direct

VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-

chemotactic and mitogenic effects on osteoblasts and

F, and PIGF. All members have a common VEGF homology

osteogenic cells.[38]

domain. Three VEGF tyrosine kinase receptors have been

C E M E N T U M D E R I V E D G R O W T H FA C TO R

identiﬁed: The fms-like tyrosine kinase Flt-1 (VEGFR- 1/Flt-

(CDGF)

1), the kinase domain region, also referred to as fetal liver

The mineralized matrix of tooth cementum contains a 14 kDa

[37]

polypeptide growth factor referred to as cementum-derived

VEGF also interacts with a family of coreceptors, the

growth factor (CDGF). This molecule is similar to IGF-1, a

kinase (VEGFR-2/KDR/Flk-1), and Flt-4 (VEGFR-3).

[36]

In normal tissues, the highest levels of

growth factor that promotes the proliferation as well as

VEGF-A mRNA are found in adult lung, kidney, heart, and

differentiation of many cell types. The CDGF is mitogenic to

adrenal gland. VEGF-B is abundantly expressed in the adult

ﬁbroblasts and osteoblastic cells present in the connective

myocardium, skeletal muscle, and pancreas. VEGF-C is

tissues adjacent to the cementum. In the cementum matrix, the

expressed most prominently in heart, placenta, ovary, small

CDGF is sequestered along with other growth factors such as

intestine, and the thyroid gland, whereas, VEGF-D is found

FBFs 1 and 2 and EGF, and adhesion molecules such as

particularly in lung, heart, skeletal muscle, colon, and small

collagens, bone sialoprotein, and osteopontin. These

intestine. In embryonal tissues, it is abundant in the

molecules are likely to inﬂuence the outcome of CDGF action

neuropilins (NP).

[37]

Oxygen tension plays a key role in

because regulation of cellular activities often involves the

regulating the expression of a variety of genes. Several major

combined action of more than one growth factor. The CDGF

growth factors, including EGF, TGF, KGF, IGF-I, FGF, and

is a poor mitogen for ﬁbroblasts; however, its mitogenic

PDGF, up-regulate VEGF mRNA expression, suggesting

activity, even at suboptimal concentrations, is synergistically

that paracrine or autocrine release of such factors cooperates

potentiated by EGF and serum.[39]

with local hypoxia in regulating VEGF release in the

CONCLUSION

microenvironment. Also, inﬂammatory cytokines such as IL-

Regeneration of the periodontal tissues is a dynamic process

1α and IL-6 induce expression of VEGF in several cell types,

involving cell-to-cell and cell–extracellular matrix

including synovial ﬁbroblasts, in agreement with the

interactions. Growth factors elegantly co-ordinate these

hypothesis that VEGF may be a mediator of

interactions resulting in wound healing and regeneration of

angiogenesis/permeability in inﬂammatory disorders.

tissues. Several growth and differentiation factors have

Hormones are also important regulators of VEGF gene

shown potential as therapeutic agents to support periodontal

developing lung.

[36]

expression.

wound healing/regeneration, although optimal dosage,

VEGF is one of the most important proangiogenic factors.

release kinetics, and suitable delivery systems are still

VEGF also potentiates microvascular hyperpermeability,

unknown. Only a few growth and differentiation factors have

which can both precede and accompany angiogenesis.[37] It is

reached clinical evaluation. A review of the current existing

[36]

also critical for reproductive and bone angiogenesis. VEGF

literature shows that a combination of growth factors in an

is a highly speciﬁc mitogen for endothelial cells.[37] VEGF is

optimal concentration is best suited for periodontal
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regeneration. With the advent of the recombinant technique it

Physiol Rev 1999; 79: 1283-316.

is now possible to provide large quantities of puriﬁed growth

10. Eskan MA, Greenwell H. Theoretical and Clinical

factors for use in in vivo studies. Present studies are focusing

Considerations for Autologous Blood Preparations:

on the development of a suitable carrier material that has

Platelet-Rich Plasma, Fibrin Sealants, and Plasma-

mechanical properties and surgical practicality appropriate

Rich Growth Factors. Clin Adv Periodontics 2011;

for controlled release of growth factors. It appears that well-

1:142-153.

deﬁned discriminating preclinical models followed by well
designed clinical trials are needed to further investigate the
true potential of these and other candidate factors.

11. Raja S, Byakod G, Pudakalkatti P. Growth factors in
periodontal regeneration. Int J Dent Hygiene
2009;7: 82–89.
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