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In vivo assessment of Fibroblast growth factor(FGF)-
Fibronectin fusion protein coating on titanium :
Histomorphometric analysis in rabbit tibia
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| Introduction

Physical characteristics of dental implants such as
surface chemistry, electric charge, surface texture
and porosity can be used to influence hone
response in vivo, Other approaches involve treating
implants with biologically active substances such as
growth factors,

Recently, it was supposed to immobilize biologi-
cal factors onto an implant surface in order to
induce a specific cellular response and promote
long-term device integration into bone,

Fibronectin(FN) is defined as an adhesive cell-sur-
face protein. FN is a major glycoprotein in the extra-
cellular matrix(ECM), which can be a ligand for a
dozen members of the integrin receptor family. It
usually exists as a dimer composed of two nearly
identical 250kDa subunits linked covalently near

their C-termini by a pair of disulfide bonds, and

each monomer composed of three types of repeat-
ing units,

Integrins are cell-surface heterodimeric receptors
that link the ECM with the intracellular cytoskeleton,
FN plays an important role during cell adhesion and
osteoblast differentiation, through the interaction with
integrin, Therefore FN has been expected to enhance
the biological effects of implants, GTR membrane,
and bone graft material, Because osseointegration of
titanium implants is a biological process that occurs
by formation of new periimplant bone in direct con-
tact with the implant surface, cell adhesive property is
required for successful implantation®,

FN has a remarkably wide variety of functional
activities besides binding to cell surfaces through
integrins, It binds to a number of biologically impor-
tant molecules that include heparin, collagen/gelatin,
and fibrin,

Fibroblast growth factor(FGF) is important signal-
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ing molecule that plays a key role in the control of a
variety of biological functions including proliferation,
migration, and differentiation. The biological activi-
ties of the FGF are mediated through high affinity
FGF receptors(FGFRs), Recent reports showing that
mutations in FGFRs have been linked to a number of
human genetic diseases with severe impairment of
bone formation including dwarfism, provide evi-
dence that FGF signaling is important for bone
metabolism. By Jang et al(2002), fibroblast growth
factor, especially FGF-2, enhances FN-mediated
adhesion in human osteoblast-like MG63 cells?,
Therefore, it is assumed that FN and FGF are the
promoting factors for bone formation with synergic
effects. The purpose of this study is to evaluate the
biological effect of FN and FGF fusion protein coat-

ed titanium implant,
Il Materials and Methods
1, Preparation of FN type Ill 9-10 domains

FN ¢DNAs were ampilified from adult human
cDNA library, PCR primers were designed to recog-
nize type I 9-10 domains as follows, FNOF: 5 -
GCTGGTACCGATACCATCATCCCAGCTG-3
FN10R: 5" -GCCAAGCTTATGGTTTGTCAATTTC-3
The PCR products were cloned into pBAD/His
A(Invitrogen, Carlsbad, USA) in-frame with the C-
terminal 06X His tag, The FN III 9-10 fusion proteins
containing poly-His tag were expressed and purified
using a Ni#* affinity column under denaturing condi-
tions according to the manufacturer’ s protocol
(Invitrogen, Carlsbad, USA).

2. Preparation of FGF-contained FN pep-
tides

Basic fibroblast growth factor(bFGF) were ampli-

154

fied from human ¢cDNAs, PCR primers were
designed to recognize bFGF: forward "bF1" primers,
5'- GAGCTCGAGGCAGCCGGGAGCATCACC-3!
reverse "bF2" primers, 5'- TTCGAATTCTCAGCTCT-
TAGCAGACAT-3'. PCR was performed with 1 min
of pre-denaturation at 94, 1 min of annealing at
58T and 2 min of extension at 72, After 35
cycles, amplified cDNAs were digested by Bglll and
Kpnl. After digestion, PCR product were in-frame
ligated into the multiple cloning sites of pBAD-His-
FN III 9-10 with the C-terminal 6X His tag, The
bFGE-FN III 9-10 fusion proteins containing poly-
His tag were expressed and purified using a Ni**
affinity column under denaturing conditions
according to the manufacturer's protocol
(Invitrogen, Carlsbad, USA),

3. Implants

All implants have smooth surface and were cus-
tom fabricated for fit in a rabbit tibia model, The
main body of the implant had a length of 6 mm and
a diameter of 3.5 mm,

Implant fixtures were immersed in a 3,Sug/ml
solution(1:1 ethanol:water) of FN overnight at room
temperature in closed containers with gentle mix-
ing. All implants were sterilized in 70 % ethanol and
stored for 1 day in sterile PBS prior to surgery,

The FGF-EN fusion protein coated implant were
used to test group animals, while implants without

surface coating were used to control group animals,

4. Experimental animals and surgical pro-
cedure

A total of 12 rabbits weighing 2.5kg were used,
They are all physically healthy. They were bred and
paired off in the each cage during experimental
periods, And they had an adaptation period of one



week before the operation,

After elevating fascial and periosteal flap following
skin incision of bilateral iliac bone, we performed
fixture-installation on Brinemark protocol with
exposure of 2-3 top screws. On each iliac bone, two
fixtures were installed lcm apart., Distal specimens
were used to estimate removal torque and basal spec-
imens were used to histometric analysis,

Study was designed to divided into 2 groups , com-
posed of 6 rabbits, and each rabbit had got 4 implant
fixtures, After installation, fascial and periosteal mem-
brane were sutured with 4-0 chromic cat-gut(Ethicon
Ltd England), and skin sutured with silk material,

5. Measurement of removal torque and
specimen preparation

After 4 weeks of fixture installation, experimental
rabbits were euthanized. Following flap elevation as
stated above, removal torques were estimated from
distal specimen of each iliac bone, As soon as cut
the iliac bone, it was emerged into 10% neutral for-
malin solution for 3 weeks, and mesially installed
fixtures were cut by 3 mm thickness parallel to fix-
ture long axis of fixtures. Then they were dehy-
dronized and resin-embedded bone embedding
solution (Polyscience, Inc, Warrungton, U.S.A),

With a cutting and grinding machine (Exakt
Apparatebau, Norderstedt, Germany), thin speci-
mens were made of 15um thickness and observed
light microscope (Olympus Co. Tokyo, Japan) after
toluidine blue staining,

6. Histomorphometric analysis

Prepared specimens were photographed with dig-
ital camera and two parameters, implant bone to
implant contact(%), bone formation area(%), were

measured with TDI scope program( x40 magnifica-
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tion, 640X 480 pixels, Techsan digital imaging,
Seoul, Korea),

The bone to implant contact was calculated by a
percentage of one-hundredth parts after choosing
the successive 3 peaks bone-contacted that is the
supetlative, measuring peak’ s length and the length
of the bone attached to the fixture surface, The
bone surface was measured at the same area, and
the bone formation area was measured by percent-

age,
7. Statistical analysis

Student t-test was performed to compare the dif-
ferences between test and control groups were ana-
lyzed in the aspect of bone to implant contact(BIC,

%), bone formation area(%), and removal torque,
Il Results
1. Bone to implant contact

The light microscope images of both groups show
that test group has bone to implant contact of
55.67% and control group has 43,45%(Figure 1,2),

Because BIC means the magnitude of osseointe-
gration, it is known that test group have more
osseointegration, It shows significant difference
between 2 groups(p(0.05). The test group has bet-
ter results(Table 1),

2 Bone formation area

Test group has bone formation area of 78,01%,
when control group has 74,82%(Table 1), The bone
formation area of test group are more than control
group, and it shows statistical significant
differences(p{0.05, Figure 4).



Figure 1, Control group Figure 2, Test Group
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Table 1, Statistical analysis (*p (0,05)

Mean(SD)
Control FGF-FN
Bone to implant contact 43,35(10.20) 55.67(12. 77
Bone formation area 74.82(8.20) 78.01(10,52)*
Removal torque 4.28(1.72) 4,94(2,05)
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Figure 4, Bone formation area
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Figure 5. Removal torque

3. Removal torque

After 4 weeks of operation, test group has
removal torque of 4.94Ncm, while control group,
4.28Nem(Figure S). Between 2 groups, there are no
significant difference(p) 0,05, Table 1),

IV_ Discussion

Many studies on the dental field have investigated
that It is known that the success rate of implant is
above about 90%, The clinical data on osseointe-
grated implants presented by Adell(1981) and
Branemark, et al (1981, 1983) regarding success
rates have been well received and supported, Adell
evaluated 734 osseointegrated implant cases and
found a success rate in the maxilla of 88% after one
year and 84% after five to twelve years, For the
mandible, he found a success rate of 94% after one
year and 93% after five to twelve years, Brinemark
reported an overall success rate 96,5% for five years,
and 81% in the maxilla and 91% in the mandible
over 15 years, in 350 cases. At present, over fifty
osseointegration implant centers are doing one to
six-year longitudinal follow-up studies and are

reporting success rates at 90-100% for mandibular
cases(19.20,e1)
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Success rate has been improved by several tech-
nologies such as implant morphology, implant type,
and implant surface modification, etc, For example,
there are impressed tissue-tac texture, diffusion-
bonded microsphere interface, grit blasted/acid
etched depth structuring, and coatings,

This study shows whether organic coating of
implant surfaces with FN and FGF has influence on
the early osseointegration and offers evidence that
titanium implants coated with small, synthetic pep-
tides stimulate bone formation in vivo, This work
supports numerous eatlier studies showing positive
effects of Arginine-Glycine-Aspartate(RGD) peptides
and related peptides and their ability to enhance
osteoblasts gene/protein expression, migration and
mineralization in culture,

In the previous decade, local application of bioac-
tive polypeptides used to regenerate damaged peri-
odontal tissues has been investigated, and the results
have demonstrated that several cytokines are effec-
tive for periodontal regeneration, Among them,
basic fibroblast growth factor(FGF-2; bFGF) is a
potent mitogen for a wide variety of mesoderm- and
neuroectoderm-derived cells, and has been shown
to be produced in the brain, pitvitary gland, kidney,
corpus luteum, and adrenal gland, In addition, FGF-

2 acts in angiogenesis, neurogenesis, and embryonic



development, indicating its broad range of biologi-
cal significance. In vivo studies have demonstrated
that a topical application of exogenous FGF-2
enhances the healing process of duodenal ulcers,
chronic pressure sores, and bone fractures.
Furthermore, we recently reported that local appli-
cation of exogenous FGF-2 enhanced periodontal
regeneration following experimental alveolar bone
defects in beagle dogs and primates. In those exper-
iments, it was noteworthy that no epithelial down-
growth, ankylosis, or root resorption were observed
in the FGF-2 applied sites, This strongly suggests
that FGF-2 plays an important role in the process of
periodontal tissueregeneration, and that it may also
influence or regulate the functions of gingival
epithelial(GE) cells, which are important compo-
nents of periodontal tissue, Although the biological
effects of FGF-2 on human PDL cells have been
extensively investigated, no reports regarding the
effects of FGF-2 on GE cells are known, 1V

First described as fibroblast mitogens extracted
from bovine brain and pituitary, basic and acidic
FGF(BFGF, «FGF) represent a family of polypep-
tide factors that have many activities in addition to
growth stimulation®, Basic FGF, in particular, has
the ability to induce all the steps necessary for new
blood vessel formation{angiogenesis), both in vivo
and in vitro, FGFs have strong affinity for
heparin(heparin-binding growth factors) and other
anionic molecules and bind avidly to BMs. Basic
FGFs is present in the extracts of many organs and
is elaborated by activated macrophages, whereas
acidic FGF is confined to neural tissues,

Nagai et al. studied low and high dose basic FGF
on bone formation, It showed that among 23 FGFs,
FGF-2 is an important regulator of osteoblast
activity®, And FGF-2 enhances FN-mediated cell
adhesion of human osteoblast-like MG63 cells®,

A recent study provided only weak evidence that
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coating of titanium implants with RGD peptides in
the present form and dosage may increase periim-
plant bone formation in the alveolar process® .
RGDC peptide coating may enhance titanium rod
osseointegration in the rat femur®, RGDS promotes
minieralization between bone and implants in
vitro®. And modified titanium surface with FN type
III 7-10 domain fragment had favorable biologic
effect on osteoblast celis®,

FGF and FN are the components of extracelluar
matrix which play important roles in cell migration,
differentiation and proliferation. On coated by them,
titanium can lead to improve activities of osteoblasts
and osteocyte, and osseointegration, And experi-
mental results support it.

At BIC or bone formation area, there are statisti-
cally significant difference between control and test
groups, But the removal torques of 2 groups are not
statistically different. In 3-4 weeks, no signs of prop-
er osseointegration and after 3 months, high propor-
tion of bone to implant direct contact were report-
ed@ Because healing of bony sites may be dense
connective tissue and osteoid starts of mineralization
at 4th week, the removal torque between 2 groups
may not be different,

The study shows that FGF-FN fusion proteins
improve osseointegration through acceleration of
bone formation following the promotion of amplifi-
cation of osteoblasts, Therefore, FGF-FN fusion pro-
tein can be used as organic surface-coating materials
for increasing the early success rate of implants,
though clinical significant difference is observed.
Further studies of long-term result may have to be
verified,
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