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Periodontal regeneration by FGF-2: Present status

and future outlook

S. Murakami

Department of Periodontology, Graduate School of Dentistry, Osaka University, Japan.

Introduction

At present a variety of regenerative
therapies are available in the field of
periodontal therapy, such as bone grafts,
guided tissue regeneration (GTR) and
application of enamel matrix derivatives, all
of which have achieved a measure of success.
However, a number of issues with these
techniques remain to be solved, including
technique sensitivity, limitation of indications,
predictability, and the longevity of outcomes.

In the 1990s, Langer and Vacanti (1993)
developed the concept of tissue engineering,
consisting three key elements: signaling
molecules, scaffolds and stem cells (Figure 1).
They proposed that the active introduction of
one or more of the triad enables the induction
of desirable tissue regeneration. In relation to
periodontal regenerative therapy, the use of
somatic tissue stem cells and/or progenitor
cells within periodontal ligaments to act as
“stem cells” has been demonstrated (Seo et al
2004). In order to enhance the outcomes. of
tissue regenerative therapy, it is crucial to
stimulate the biological activities of these
cells, and a physiologically efficient method
for doing so is through the use of cytokines or
growth factors. The ability of various
recombinant cytokines to enhance periodontal
tissue regeneration has been investigated in
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preclinical and clinical studies (Table 1). This
chapter reviews the potential use of basic
fibroblast growth factor (bFGF, FGF-2) to
promote periodontal tissue regeneration, with
adiscussion of the current status and prospects
of FGF-2 therapy.

In vivo analyses of effects of FGF-2 on
periodontal regeneration

Fibroblast growth factor (FGF) was
discovered in 1974 as a protein from bovine
pituitary glands that strongly induces
proliferative activity in fibroblasts
(Gospodarowicz 1974). In 1984, two distinct
proteins with different isoelectric points were
fractionated from the pituitary extract using
acidic and basic pHs, which became known
as acidic FGF (aFGF, FGF-1) and basic FGF
(bFGF, FGF-2), respectively (Bohlen et al
1984, Thomas et al 1984). A year later the
entire amino acid sequence of bovine FGF-2
was determined, and the cDNA of human
FGF-2 was cloned in 1986 (Abraham et al
1986, Esch et al 1985). FGF-2 has received
particular attention in the field of regenerative
therapy, as it stimulates various stem cells to
proliferate while maintaining their
multipotency, and is a strong inducer of
angiogenesis.

In order to evaluate the effectiveness of
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Endogenous somatic
stemcells in PDL

> Somatic mesenchymal
stemcells isolated from
other tissues
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Tissue
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>
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Figure 1. Triad of periodontal tissue engineering. The concept of tissue engineering consists of stem
cells, a signaling molecule and a scaffold. In the case of periodontal tissue engineering, the above-
indicated stem cells, signaling molecules and scaffold materials have been examined pre-clinically, with
some having already been introduced into clinics.

PDGF-BB (platelet-derived growth factor) plus IGF-I (insulin-like growth factor-I)

BMP-2 (bone morphogenetic protein-2)

TGF-B (transforming growth factor-f)

OP-1 (BMP-7) (osteogenic protein-1)

BDNF (brain-derived neurotrophic factor)

FGF-2 (bFGF) (basic fibroblast growth factor

PDGF-BB (platelet-derived growth factor) plus B-TCP (GEM21S™) (B-tricalcium phosphate)

GDF-5 (growth and differentiation factor-5)

Table 1. Periodontal regeneration by recombinant cytokines
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applying topical FGF-2 to induce periodontal ~ surgically closed. Periodontal tissue
tissue regeneration, a series of animal studies  regeneration at the test sites of beagle dogs
using beagle dogs and non-human primates  and non-human primates was examined at 6
was performed (Murakami et al 2003c, and 8 weeks respectively, after FGF-2

Takayama et al 2001c). The mandibular application to the defects.

molars of beagle dogs, and the first and second As shown in Tables 2 and 3, topical
molars of non-human primates, were utilized  application of FGF-2 significantly stimulated
for experimentation. After elevation of periodontal regeneration in both the beagle
mucoperiosteal flaps, class Il furcation defects  and the non-human primate models when
were surgically created and the exposed compared to control sites (Figure 2).
cementum removed by curettage, before vinyl ~ Histological observation revealed new
polysiloxane impression material was placed cementum with Sharpey’s fibers, new
in the defects to induce inflammation. Four  functionally-oriented periodontal ligament
weeks after the first surgery, a flap was raised ~ fibers and new alveolar bone (Murakami e al
to expose the inflamed furcation, granulation =~ 2003a, Takayama et al 2001). Interestingly,
tissues were removed and the root surfaces enhancement of angiogenesis and
curetted. A small round bur was used to make  regeneration of peripheral nerve fibers at the
a horizontal groove on each root in order to  FGF-2-treated sites were also observed one
indicate the base of the defect. Furcation week after FGF-2 application (Murakami

defects were filled with a gelatinous carrier  2011a).

without or with FGF-2 and the wound was More importantly, no epithelial
Control site (n=6) 0.1% FGF-2-applied site (n=6)

NBF (%) 35.4+8.9 83.6+ 14.3"

NTBF (%) 16.6 + 6.2 44195

NCF (%) 372+ 15.1 97.0+7.5"

*: p<0.01, Control site - gelatinous carrier alone was applied.

Table 2. Efficacy of FGF-2 for periodontal tissue regeneration in animal models - Furcation class II
model in beagle dogs (6-week follow up) (modified from Murakami ez al 2003)

Control site (n=6) 0.4% FGF-2-applied site (n=6)
NBF (%) 543+ 8.0 71.3+13.5"
NTBF (%) 31.6+£3.5 48.7+£8.9"
NCF (%) 38.8+8.6 72.2+14.4"

*: p<0.05, " p<0.01, Control site - gelatinous carrier alone was applied.

Table 3. Efficacy of FGF-2 for periodontal tissue regeneration in animal models - Furcation class II
model in non-human primates (8-week follow up) 3grgodiﬁed from Takayama et al 2001)
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Figure 2. Periodontal tissue regeneration by FGF-2 (furcation class II beagle model).
FGF-2 (0.1%) plus gelatinous carrier was topically applied to surgically-created class II furcation defects
in the mandibular molars of beagle dogs. Representative images at (A) baseline and (B) 6 weeks after
FGF-2 application are shown. Arrow indicates furcation. (from Murakami et al 2003)

downgrowth, ankylosis or root resorption was
observed at the FGF-2 sites in any of the in
vivo experiments, nor was any severe gingival
inflammation or swelling observed at any of
the sites examined throughout the
experimental periods.

In vitro analyses of effects of FGF-2

It has already been demonstrated that FGF-
2 promotes proliferation of fibroblasts and
osteoblasts, and enhances angiogenesis. These
activities are crucial in the process of
periodontal tissue regeneration. However,
periodontal ligament (PDL) cells also play an
important role during periodontal tissue
regeneration (Seo et al 2004, Lekic et al 2001,
Murakami ef al 2003b, Shimono et al 2003).
To reveal the molecular and cellular
mechanisms by which FGF-2 enhances
periodontal tissue regeneration, a series of in
vitro experiments using PDL cells were carried
out.

RT-PCR experiments demonstrated that
PDL cells express FGF receptor (FGFR) 1 and
FGFR2 mRNA (Takayama et al 2002), and
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in vitro experiments revealed that FGF-2
regulates the proliferation, differentiation,
migration and extracellular matrix (ECM)
production of PDL cells (Takayama et al 1997,
Shimabukuro et al 2005, Shimabukuro et al
2008, Shimabukuro ef al 2010, Terashima et
al 2008). FGF-2 also enhances the
proliferative responses of PDL cells, and does
so via the extracellular signal-regulated kinase
(ERK) 1/2 signaling pathway, an important
second messenger system downstream of
FGFRs. Interestingly it was found that FGF-
2 significantly decreased both ALPase activity
and the formation of calcified nodules in PDL
cells in a dose-dependent manner. However,
the suppressive effect of FGF-2 on PDL cell
differentiation into hard-tissue-forming cells
such as osteoblasts and cementoblasts was
reversible. Thus, when FGF-2-stimulated PDL
cells were re-cultured in the absence of FGF-
2, calcified nodule formation resumed. By
temporarily inhibiting the differentiation of
PDL cells, FGF-2 facilitates their proliferation
while maintaining their multipotency, but once
the influence of FGF-2 is biologically
diminished immature PDL cells begin to



