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|, Introduction

Studies on the dental and orthopedic fields have
revealed the biocompatibility of titanium(Ti) to
achieve osseointegration, Titanium(Ti) is widely
used for dental and orthopedic implants, due to its
excellent biocompatibility. The initial success of
implants may be dependents on rapid osteogenesis
around the implant, in other words, on the early
attachment of osteoblast to the implant surface!™,

Numerous studies have been tried to modify Ti
surface mechanically to improve osseointegration,
Most of the surface modifications have been aimed
at achieving more bone-to-implant contact as deter-
mined histomorphometrically at the light microscop-
ic level. Previous investigation in non-oral bone
under short-term healing periods®'? indicated that
sandblasted and acid-etched(SLA) Ti implant have a
greater bone-to-implant contact than the machined
surface Ti implant,"» Dental fields have examined
the ability of the macro and micro surface textures

(e.g. fiber meshes,'®1” sand blasted or acid etched

surfaces,'$19 plasma spray, coatings of hydroxyap-
atite 2 and tricalcium phosphate?'?)) to stimulate
rapid bone formation in vive??, To date, there are
still long-term clinical prognosis in terms of degrada-
tion and delamination of ceramic coatings®, In
addition, none of the coating technologies or sur-
face macrotextures appears to act through biologi-
cally specific receptor-mediated mechanisms,

A more potent approach is the immobilization of
biological factors onto an implant surface in order to
induce a specific cellular response and promote
osseointegration such as using Ti implant surface mod-
ified with growth factors and adhesion protein227,

Despite the differences in the clinical success
rates, it is not clear how the surfaces of implant
materials promote or inhibit osteogenesis. The initial
success of implants may be dependent on rapid
osteogenesis around the implant, in other words, on
the rapid attachment of osteoblasts to the implant
surface, At present, however, there are insufficient
basic data on the initial attachment of osteoblasts to

implant materials. Recently other approaches
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involve treating Ti with biologically active sub-
stances such as adhesion proteins.

Fibronectin is an important matrix glycoprotein that
mediates cellular activity and improves wound heal-
ing, Fibronectin is a large dimeric glycoprotein(M, W

220,000-240,000Da). Fibronectin has certain prote-
olytic fragments that can promote chemotactic migra-
tion3» and activate integrin signaling®”, Each
monomer is composed of type I, type I, and type IIT
domains, identified as repeating amino acid motifs in
the primary structure, An Arg-Gly-Asp (RGD)
sequence located in the 10th type III repeating unit is
a key cell-adhesive site for the cell-surface receptor
integrin® and a Pro-His-Ser-Arg-Asn (PHSRN)
sequence in the 9th type III repeating unit has been
shown to act synergistically with RGD in cell adhe-
sion mediated by integrin @51 and aV £33,

One of the important properties of FN is its
extremely wide distribution, which clearly suggests
that they perform rather important functions.,
Intriguing feature is that fibronectin occur in two
distinctly different situations; firstly, as a soluble gly-
coprotein in various body fluids or secreted by cells
in culture and secondly, as an insoluble con-
stituents of extracellular matrices and basement
membranes® .

It interacts with a variety of macromolecules
including components of the cytoskeleton and the
extracellular matrix, circulating components of the
blood clotting, fibrinolytic, acute phase and comple-
ment systems, and with cell-surface receptors on a
variety of cells including fibroblasts, neurons,
phagocytes and bacteria®®, To achieve optimal peri-
odontal regeneration, many studies were performed
on treating human tooth roots with plasma
fibronectin during periodontal surgery, The applica-
tion of fibronectin onto roots appears to enhance
connective tissue attachment?*32,

Fibronectin provides a crucial substrate for many
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forms of cell migration, such as in embryonic migra-
tory pathways and in the provisional matrix of heal-
ing wounds. Among the many active sites in extra-
cellular matrix proteins, the cell-adhesive domain of
fibronectin has been well studied, We have chosen
a fragment of human fibronectin encompassing the
7" through the RGD-containing 10" type I1I repeats.

The structure reveals an extended rod like mole-
cule with a long axis of 140 A and highly variable
relationships between adjacent domains, An unusu-
ally small rotation between domains 9-10 creates a
distinctive binding site, in which the RGD loop from
domain 10 and synergy region from domain 9 are
on the same face of FNIII 7-10 and thus easily acces-
sible to a single integrin molecule. The cell binding
RGD loop is well ordered in this structure and
extends 10? away from the FNIII 7-10 core3739),

At the site of integrin-ligand interaction, integrin
receptors cluster and several intracellular signaling
molecules were recruited, Incremental extensions of
the interdomain link between FNIII 9 and FNIII 10
reduced the initial cell attachment, but had a more
pronounced effect on the downstream cell adhesion
events of spreading and phosphorylation of focal
adhesion kinase. Focal contacts cap the membrane-
proximal ends of extensive actin filament
networks(called stress fibers in vitro), enabling the
cell to spread and eventually enter the cell mitotic
cycle and proliferate, The activation of these two
intracellular molecules is indicators of "outside-in"
signal occurring between the extracellular matrix and
the cell via integrin-mediated events, Widespread
tyrosine phosphorylation is an important event fol-
lowing formation of focal contacts and is mediated
by several kinases including focal adhesion kinase
(FAK)®-9_The extent of disruption of cell adhesion
depended upon the length of the interdomain linker,

Using gold-thiol reactions, thiol compounds that

contain bioactive moieties (terminal cysteine) can be



chemisorbed to gold films to provide, in principle,
correspondingly bioactive surfaces. For example,
chemisorbed layers form spontaneously upon
immersion of gold substrates in thiolate containing
solutions, Depending on the structure of the thio-
late, surfaces of well defined character and proper-
ties can be prepared.

The chemisorption* of organosulfur compounds
onto metallic gold is powerful method for the
preparation of well-defined surface. A cysteine on
70 segment in FNIII 7-10 added to custom made
gold-coated Ti surfaces to form bioactive substrates,
One advantage of this chemisorption method is that
it can be readily applied to a range of biomaterial
surfaces, including biometal and polymer®?,

The purpose of this study was to investigate on
the biological effects of fibronectin typelll 7-10 on
MC3T3-E1 osteoblast on the modified Ti surface,

Il. Materials and methods
1. Tidisks

The Ti disks(6mm in diameter and 2mm in thick-
ness) used in this study were purchased from
Avana(Seoul, Korea), Disks were cleaned according
to American Standard Testing and Material (ASTM)
specification F-86, Rods were degreased in acetone

and ethanol and passivated in nitric acid,
2_ Preparation of fibronectin

Native plasma Fibronectin was used (American
Peptide Company, Sunnyvale, CA) and FNIII 7-10
was expressed by using recombinant DNA technol-
ogy as following procedures.

Fibronectin ¢cDNAs were amplified from adult
human brain ¢cDNAs library. Polymerase chain reac-

tion(PCR) primers were designed to recognize FN
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type III repeats 7% to 10 as follows,

Forward: 5 -AGCCATATGGCTGTTCCTCCTCC-
CACTGACCTG-3

Reverse: 5 -TCGGATCCTAAGTTCGGTAAT-
TAAT-3

PCR was performed in a 504 reaction containing
50 mM KCl, 10 mM Tris-HCI (pH 8.3), 1.5 mM MgCl
100 u/ml gelatin, 0,2 mM dNTPs, 1.25 units of Taq
polymerase (Perkin-Elmer, Boston, MA), and 50
pmol of each upstream and downstream primers,
The thermocycling parameters used in PCR were as
follows: annealing, 1 min at 55°C; extension, 2 min
at 72°C; denaturation, 1 min at 94°C,

After 30 cycles, amplified cDNA products were
digested with Ndel and BamHI and separated using
PCR purification kit (Qiagen, Chatsworth, CA).
Nucleotide sequences were determined for inserts
by using dideoxy terminator cycle sequencing
(Applied Biosystems, Foster City, CA), and com-
pared with those in GeneBank database by the
BLAST program of NCBI (National Center for
Biotechnology Information, Bethesda, MD),

The FNIII 7-10 fusion proteins containing poly
histidine tag were expressed and purified using a
Ni?* affinity column under denaturing conditions
according to the manufacturer's protocol
(Invitrogen, Carlsbad, CA). The cell lysates and puri-
fied fusion proteins were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
and visualized by Coomassie Blue staining,

3.Preparation of surface modified
Titanium

In this experiment, Smooth surface (SS) is nega-
tive control, SLA is positive control. Experimental
group is FN and FNIII7-10 coated Ti disks. Oxalic
acid attack modification created numerous sec-

ondary micropores (2,0um)



on the basis of sandblasted surface macrotexture,
This modified sandblasting surface treatment is feasi-
ble and reliable to apply to dental implants and
does not decrease the biocompatibility on Ti.

Gold-coated Ti disks were custom fabricated.
Cleaned Ti disks were first coated with a 20 Alayer
of pure Ti-oxide to increase gold adhesion and then
with a 80 A layer of gold using an electron beam
evaporator (Model:NRC3177, Newton, MA),

Disks were immersed in a 3,5ug/MI solution (1:1
ethanol:water) of FN overnight at room temperature
in closed containers with gentle mixing, All implants
were sterilized in 70% ethanol and stored for 1 day

in sterile PBS prior to cell seeding.
4. Cell cultures and in vitro experiments

1) Cell culture and seeding into Ti disks

MC3T3-E1 osteoblasts (Riken, Japan), derived from
mouse calvaria, were maintained in Dulbecco' s
modified Eagle' s media (DMEM, Life Technologies
Inc., Rockville, MD) supplemented with 10% bovine
serum (FBS, Life Technologies Inc.), 4,000cells/204
to permit individual cells grown separately to avoid
cell-to-cell contact, When confluent monolayer was
reached, the cells were enzymatically lifted from the
dishes using 0.25% trypsin in 4mM EDTA,

Aliquots of 204 of cell suspension were seeded
on the top of the Ti disks which are placed in the
wells of 96-well plates. The matrices were left undis-
turbed in an incubator for 3 hours to allow the cells
to attach to the matrices, after which, an additional 1
ml of complete media was added to each well,
Cultures were maintained in a humidified atmos-
phere consisting of 95% air and 5% CO2 at 37°C,
The media was changed every 2-3days.

2) Cell proliferation and cell morphology

Cell proliferation was measured at 4 hr, 1, 3, 7,
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and 14 days. At each time point, media was
removed from the wells. The Ti disks were washed
gently with Hank's balanced salt solution (HBSS)
(Gibco, NY) to remove any unattached cells,

The adherent cells were removed from the sam-
ple by incubation in 0.5ml of 0,25% trypsin in 4mM
EDTA for 10 minutes at 37°C and were counted by
the hemocytometer. After counting, the cells in the
media were centrifuged at 1260 rpm, 4.0°C, and for
10 minutes, The supernatant was suctioned away
and the cell pellet was prepared for alkaline phos-
phatase activity test.

Cell morphology was examined at 4hr, 1,3, 7 and
14 days with scanning electron microscope, (JSM
840A, Jeol co, Japan),

3) Akkaline phosphatase activity

Production of alkaline phosphatase (ALPase) was
measured spectroscopically at 3, 7, and 14 days.
This test was done with the same cells used for the
cell proliferation test, Removed cells from the matri-
ces were homogenized with 0.5m of double dis-
tilled water and sonicated for 1 minute in ice, 0,1ml
of cell lysates were mixed with 0. 1ml of 0.1M glycin-
NaOH buffer, 0.1ml of 15mM paranitrophenol phos-
phate(PNPP), 0.1% triton X-100/saline and 0,1ml of
DDW, Each aliquots was incubated at 37°C for 30
minutes, After incubation, each tube was added 2.5
ml of 0.,1N NaOH and placed on ice,

The production of para-nitrophenol (PNP) in the
presence of ALPase was measured by monitoring
light absorbance by the solution at 405mm, The slope
of absorbance versus time plot was used to calculate
the ALPase activity.

4) Cell immunocytochemistry
Cytoskeletal organization in adherent, cultured
osteoblast was observed as an indication of the rela-

tive degrees of cell spreading on various Ti disks,



Staining of filamentous actin with rhodamine phal-
loidin(Molecular Probes, Eugene, OR) was used to
monitor stress fiber formation via fluorescence
microscopy. In order to quantify the formation of
focal adhesions, FAK, which are involved in the
cytoplasmic domain of the adhesion plaque, were
immunostained. Cells were plated onto the samples
at 25,000cells/m! and incubated for 4 and 24 hours,
Then the cells were rinsed in PBS, fixed with 3,7%
formaldehyde for 10min, and washed with PBS again,
The fixed cells were permeabilized in 0.5% (V/V)
Triton X-100 for 5min, washed three times in PBS,
After three additional washes in PBS, the cells
were blocked with 1% bovine serum albumin
(Nacalai Tesque, Inc,). Immunofluorescence stain-
ing for FAK was performed with rabbit anti-human
FAK polyclonal antibody (p125fak, 1:40 dilution,
Upstate Biotechnology, NY) for 2 hours at 37°C,
followed by incubation with FITC-conjugated sheep
anti-mouse antibody (1:40 dilution, Sigma ). For
controls, the primary anitsera were replaced with
nonimmune rabbit or mouse serum, respectively.
Samples were examined with an fluorescence

microscopy (Olympus, Japan),

5) Statistical analysis
Analysis of differences were performed with one-
way and two-way ANOVA with Fisher LSD test and

Turkey HSD (honestly significant difference) were
performed, with values of p { 0,05 considered statis-
tically significant using SAS program(SAS Institute
Inc., Cary, NC)

Il Results
1. Cell proliferation and ALP activity

MC3T3-E1 cells were plated on smooth
surface(SS), sandblasted and acid etched(SLA),
native plasma fibronectin(FN) and fibronectin type
I 7-10(FNII 7-10). At 4 hr and 1 day, there is no
difference in cell proliferation among groups, how-
ever, as time goes by(3, 7 and 14 days), there was
significant difference between smooth surface(SS)
and two FN treated groups(p<0.05). There was also
statistically significant difference between SLA and
FNIII 7-10 groups(p¢0.05). In FNIII 7-10 group, cell
proliferation was highest at each time point, but
there was no statistically significant difference
between FN and FNIII 7-10 groups(Table 1, Fig. 1).

2. Cell morphology study using SEM
At 4 hours, osteoblasts on smooth surface were

not well spread on the substrate with short and thin
process, while cells on SLA, FN and FNIII 7-10 were

Table 1, Cell Proliferation test by hemocytometry (X 102 cell count)

Time SS(Control) FN FNIII 7-10
4Hrs 1.38+0.14 1.75£0.20 1.4210.29 1.67£0.38
1 Day 3.13+0.43 4.81%0.63 4.251+0.50 4.33%0.63
3 Days 6.251+0.65 7.88+1.18 10.83t1.04* 15.00£0.50**
7 Days 42941751 59.06%6.40 61.25+2.84* 83.75+12.05*"
14 Days 133.00+6.27 51,75£3.95 90.67£6,03* 218.33+7.64*"

Data represent mean=tS E. (N=6-7)

SS; smooth surface, SLA ; sandblasted and acid etched, FN; native plasma

fibronectin, FNIII 7-10 ; fibronectin type III 7-10
* Significantly different from SS group at 3, 7, 14 days (p{0.05)
* Significantly different from SLA group at 3, 7, 14 days (p<0.05)
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Figure 1, Cell Proliferation test by hemocytometry (X 10° cell count)
SS 5 smooth surface, SLA ; sandblasted and acid etched, FN ; native plasma fibronectin, FNIII 7-10 ; fibronectin type III 7-10

Table 2, ALPase activity (pM/ #g/30Min)

Days SS(Control) SLA FN FNIII 7-10
3 9.67%£5.54 20.08%7.00 27.76%5 33 33.72+7.73*"
7 19.80%£7.29 32.59%+8.26 33.9£6.03* 35.421+2.08*"
14 32941428 3291£6.78 44,4313 .84* 63.810.7*"

Data represent mean=tS E. (N=6-7)

SS ; smooth surface, SLA ; sandblasted and acid etched, FN ; native plasma fibronectin, FNIII 7-10 ; fibronectin type III 7-10
* Significantly different from SS group at 3, 7, 14 days (p0.05)

* Significantly different from SLA group at 3, 7, 14 days (p<0.05)
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Figure 2. ALPase activity
SS 5 smooth surface, SLA ; sandblasted and acid etched, FN ; native plasma fibronectin, FNIII 7-10 ; fibronectin type III 7-10
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well attached and spread with long cytoplasmic
process. Especially cells on SLA spreaded in spike-
like fashion compare to other groups(Fig, 3-6).

At 1 day, attached cells on SS, FN and FNIII 7-10
disks were well spread similarly with developed
process and cells on on FN and FN III 7-10 main-
tained their flattened and elongated pattern, Cells on
SLA disks also maintained their spike-like fashion at
1 day (Fig. 7-10). At 3 days, the number of cells on
disks was significantly increased in all groups.
Proliferated cells on each disks were grown in a
concentric circle pattern due to the turned line on
the disk which was occurred during milling(Fig, 11-
14). The confluent cells on SLA had many pieces of
cracks and it was assumed that underlying rough
surface affected attached cells during sample prepa-
ration for SEM(Fig. 12). At 7 and 14 days, all sam-
ples had a similar cell proliferation pattern(data are

not shown),
3. Cell immunocytochemistry

1) Actin staining

Cytoskeletal organization in adherent osteoblast
was observed as an indication of the relative degrees
of cell spreading with thodamine phalloidin. 4 hours
after cell plating, cells were already spread on the
disks, accordingly bundles of actin fibers forming
stress fibers appeared in the cells on all groups (Fig,
15-22). On SLA, however, actin filaments were dis-
tributed in elongated spike-like fashion with clumps
in proximal ends, which can be predicted as cyto-
plasmic process (Fig, 16). At 24 hours of culture,
well-defined stress fibers showing regular arrange-
ment with particular polarities were found in cells
grown on SS, FN and FNIII 7-10 (Fig, 15-22),

2) Immunostaining for FAK
In the cells cultured for 4 hours on Ti disks, many
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immunoreactive plaques for FAK were found in the
peripheral regions of the cells (Fig. 23, 25, 27, 29).
Cells grown on SS and SLA showed similar
immunoreactive in the periphery of the cells,
although the immunoreactions for FAK were rela-
tively stronger in the cells on FN and FNIII 7-10
disks than in those on SS and SLA.

In the cells cultured for 24 hours, increasing num-
bers of plaques with triangular and ovoid shapes
were expressed along the periphery of spreaded
cells in all samples with, however, comparing the
plaque numbers between groups was somewhat
difficult due to the limitation of the resolution(Fig,
24, 26, 28, 30).

IV Discussion

Attachment, spreading, and growth of osteoblast
are shown to be modulated by changing surface
modification. While previous work came to similar
conclusions regarding substrate-dependent cell
behavior®| substrate chemistries have rarely been
consistent or controlled, These results demonstrate
that molecular details in surface chemistry translate
to molecular changes in adsorbed ECM, influencing
subsequent cell signaling responses, These results
indicate that outside-in signaling can be modulated
by surface chemistry in anchorage-dependent cells.

Conversely, inhibitory peptides could also be used
to block unwanted processes such as tumor cell
invasion and metastasis. Conventional thought in
this field has focused on the use of fibronectin or its
mimetic as adhesive and migration substrates in
wounds,

Such small peptide ligand: the sequence, arginine-
glycine-aspartic acid or 'RGD' which has high affini-
ty RGD peptides increase the overall adhesiveness
of the surface for osteoblast*” and enhance the rate

of cell spreading compared to YIGSR containing



peptides from laminin®, Integrin adhesion and sig-
naling events may contribute to the progressive dif-
ferentiation of the osteoblast and to the initiation of
a mineralized matrix,

Differential availability and exposure of the sever-
al conserved ECM cell binding domains, containing
the RGD sequence recognized by cell surface inte-
grin receptors, could lead to distinct differences in a
material's ability to support cell attachment, spread-
ing, and proliferation,

Exposure of this sequence was previously
demonstrated to be increased upon adsorption to
TCPS surfaces®, The data presented represent the
percentage of the total 10th type III sequences
found in surface-adsorbed FN exposed and recog-
nized by the anti-FN antibody. Although no direct
correlation can be made between FN binding
domain availability, these results are consistent with
reference for the integrin-FN surface and the
observed cellular responses on these SAMs. An
investigation of these outside-in signaling relation-
ships between cell culture surfaces and RhoA activi-
ty in attached cells recently demonstrated important
correlations between the cell morphological markers
described in the study and the molecular signaling
pathways responsible for gene regulation®”, The
clinical success of dental implants is closely associat-
ed with the properties of implant surface, which
affect cell attachment as well as subsequent cell dif-
ferentiation, matrix production, and mineralization.

However, cells in suspension do not possess
FAK® Thus, FAK is a molecule that requires the
interaction of integrins with the extracellular matrix
for its expression. This suggests that integrins aggre-
gate on the cells attached on SLA or pure Ti, bind to
the extracellular matrix secreted by these cells, and
adsorbed onto the surface of SLA and Ti.

In addition, vitronection or fibronectin derived

from serum also play an important role in the attach-
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ment between cells and materials. Actin staining by
TRITIC-labeled palloidine is normally used to assess
cell motility, cell spreading, and cell shape®®>?, It is
likely that the difference in migration on Ti, SLA, FN
and FNIII7-10 disks reflects the difference in organi-
zation of actin, Therefore, these observations indi-
cate that both surface chemistry and surface topog-
raphy are contributing factors in migration of
osteoblast. The immobilization of RGD on flat sur-
faces and in gels results in increased potency over
its parent ligand (e.g. fibronectin) in encouraging
cell adhesion %57 and supporting cell attachment
and growth, 5860

V. Conclusion

In order to investigate the biologic effect of sur-
face modified titanium with fibronectin type III 7-10
to osteoblast MC3T3-E1 cells, cell proliferation,
ALPase activity, cell attachment and immunocyto-
chemical analysis were done on cells cultured on Ti

disks. The results were as follows:

1. Cell proliferation on FN and FNIII 7-10 were
significantly higher than that of SS at 3, 7 and
14 days(p(0.05). There were also significant
differences between FNIII 7-10 and SLA at 3, 7
and 14days(p(0.05).

2, ALPase activity of cultured cells on FN and
FNIII 7-10 were significantly higher than that of
SS at 3,7 and 14 days(p(0.05). There were also
significant differences in ALPase activity of cul-
tured cells between FNIII 7-10 and

SLA(p(0.05).

. Cells were attached in flat and rhomboidal fash-
ion in SS, FN and FNIII 7-10 at early time peri-
od and more spreading pattern with elongated
cytoplasmic process was seen as time passed.

4, In immunocytochemical analysis for actin fila-



ment and FAK, cells cultured on FN and FNIII
7-10 revealed relatively well-arranged bundles
and more plaques, respectively, than those of
SS and SLA.
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Cell morphology, Fibronectin type III 7-10 (FNIII 7-10) 4 hr, SEM x3000

Cell morphology, Smooth Surface (SS) 1 day, SEM x3000

Cell morphology, Sandblasted and acid etched surface (SLA) 1 day, SEM x3000
Cell morphology, Fibronectin (FN) 1 day, SEM x3000

Cell morphology, Fibronectin type I 7-10 (ENIII 7-10) 1 day, SEM x3000

Cell morphology, Smooth Surface (SS) 3 day, SEM x200

Cell morphology, Sandblasted and acid etched surface (SLA) 3 day, SEM x200
Cell morphology, Fibronectin (FN) 3 day, SEM x200

Actin Filament, Smooth Surface (SS) 4 hr, Actin staining

Actin Filament, Sandblasted and acid etched surface (SLA) 4 hr, Actin staining

Actin Filament, Fibronectin (FN) 4 hr, Actin staining

Actin Filament, Fibronectin type III 7-10 (FNIII 7-10) 4 hr, Actin staining

Actin Filament, Smooth Surface (SS) 1 day, Actin staining

Actin Filament, Sandblasted and acid etched surface (SLA) 1 day, Actin staining

Actin Filament, Fibronectin (FN) 1 day, Actin staining

Actin Filament, Fibronectin type III 7-10 (FNIII 7-10) 1 day, Actin staining

Immunostaining for FA, Smooth Surface (SS) 4 hr, Focal Adhesion Kinase (FAK), arrow indicates
FAK positive plaques

Immunostaining for FA, Sandblasted and acid etched surface (SLA) 4 hr, Focal Adhesion Kinase
(FAK), arrow indicates FAK positive plaques

Immunostaining for FA, Fibronectin (FN) 4 hr, Focal Adhesion Kinase (FAK), arrow indicates FAK
positive plaques

Immunostaining for FA, Fibronectin type III 7-10 (FNIII 7-10) 4 hr, Focal Adhesion Kinase (FAK),
arrows indicate FAK positive plaques

Immunostaining for FA, Smooth Surface (SS) 1 day, Focal Adhesion Kinase (FAK), arrowd indi-
cate FAK positive plaques

Immunostaining for FA, Sandblasted and acid etched surface (SLA) 1 day, Focal Adhesion Kinase
(FAK), arrows indicate FAK positive plaques

Immunostaining for FA, Fibronectin (FN) 1 day, Focal Adhesion Kinase (FAK), arrows indicate
FAK positive plaques

Immunostaining for FA, Fibronectin type III 7-10 (FNIII 7-10) 1 day, Focal Adhesion Kinase
(FAK), arrows indicate FAK positive plaques

155



AEIZIE (1)

et a0t s T

Figure 4

FT) | Baciron image 1 T Vesctron image |

Figure 5 Figure 6

r : 20um electron image 1 30um 1 Beciron image 1

Figure 9 Figure 10

156



AIZIRE (1)

o T Einciron mage | o 1 Bectron mage |

Figure 11 Figure 12

¥

f e . la-wm' - £ — lmn...u -
Figure 13 Figure 14

T —

Figure 18

157



AFZIRE (1)

Figure 25 Figure 26

158



AITIRE= (IV)

Figure 28

Figure 29 Figure 30

159



EXELE
Fibronectin type Il 7-10 O] Z2A| 20| OJA|= &t

o SkA
S3S AN R

Elolehre: Hlola AT 40T B2 422 vhgo 2 A5t @ 3ot o) w9
AHgEjolA) ko, B3} uaA) Alole] B §8 AR Z/H1 BA 0 Bl SEHA2 PRE ol §8 o]
Blre] EAAelo] B we ATe] sl itk Aol P AT we PPIAZ ol §3 A
29 WAL Stel 24T 2 A 5] AN 9% Am5o] glojgkeh, Fibronectn(FN)E T8 4]
Eo718%) shhe A ) W) REste] AZe] $3, o5 % 4o Tolshz At FEHIO =, RGDY!
PHSRN Flefo] = Aglo] M) Qe 12lst Agsho] ML) B4e 283k A0 R defA ok, o] Ao
A INO.2 A2 Eol o] £EATE B3 34 % #ajo] v A §Fh o]l whe H3la} Jr=e] v]

2= QRS wEste] FARREALE o] &gt Blo| el ZR/E ] EE stz &kt

F9E& 7 HolgHES gold thiolH& ©]-8-3te] FHA ] F, % FN(plasma FN, pFN)# - 2444 23
& o] &3] A& FNZZHEN type I 7-10, FNII 7-101E 2|55 AlE APT o 2, o A2 & oA &
Z(smooth surface, SS)3} AF H-2Al(Sandblasted and acid etched, SLA)A 2] HAL 270 2 o] &35}

H oFl 2 AZF(MC3T3-EDE AHE-8le] Efol ey 32 A gldl] wh A|xze] 2], Feds) dded Ql
ARES) & A (ALPase) YA 2 A ZH Y FHE o] &5 EIY EE AR Aol whet sl

ZEA|EF219] 45 ENII 7-10 A gftellA] pFN A2 9 thzestol] Bl AR stel] whet 124 90= Al
F4-6] % 2Jo] TP (p0.05), ALPase A1) A0 NI 7-10 H2] ol ob el 3] 2
ol B3] 973 A =& o] AAdo] IEEHATHP0.05). FARAAAR A S o] &3 Al e] Fejaza
I} ol Al 3HA] 2 oA R R EE VFERASIO T, AF F-2] A2 E ol A AlET} 7RA R
FHE B2l vHd NS & Agd F oA A2 F3 mFlo] v whd e o] gl Kego] Q.
Ao BIATE H2sl7] $J5ke] FAaF27 VA (focal adhesion kinase, FAK), & actin stress fibere] #3F
Fe NEHAGFFHE o] &-5fe] Fsl Ay} FNCZ T HAE|E F oA ol AL SR %S T 2
AR F-21A e gk kel H)E) ko] el o] A RO ) 2 b actin stress fiber®] 7S VFERASITH

o] Ao 5L gold thiol H& ©]&-3F FHA|E] F INF-2HS: 53 Blo|H <] H7ldo] I A2
F2p F2 9 Zsle] a3 G3S @dete] A3t =g FATE AL BHoF3lon, ojd ARE2 4
e INZZES o] 8- thE AAIA 5o A/ 3 YA $88 4 ozt A Eh

H

ha]

f

2.9 : titanium, fibronectin, osteoblast, cell proliferation, ALP activity, cell differentiation
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